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Abstrocd The wudy ams o examme  foreign  dimect
invesment spilkover effects on the fimns' productiviny per-
o ces and v examing the mos mpontant companen of
leinl  Bctor preductvaty  growth i exploning  calpat
yrongll. This - sledy employs 0 gome-varying  stochaedic
frontier approach Por B level panol daga of Indonaes=ian
manufacturing indwsiry and performs & mone irsmetnie Les
of the clisensss of neo disiribution, The resubis demon-
srnie (et fogign firmes achieve kigher prodectivity bim less
efficierd than demestic finms. Inoreasing degrees of foreign
vwnecihip Is negarively relaed o fioms” prodeciividy bt
pesitively relabed o fBrns efficiency. There are poating
lomgzental spillover effects of foreign dimect dnvesiment an
the frmes' procuctiviny mid efficiency. The backwand spil-
lavers have positive impoc on fism's effickency, and the
foeward spilbvers have posibive mmpast on Brn's prs
ductivity, However, dhere are negotive backward spillover
effects4m firms prodectivily and negotive Forwind spillewer
eflects an fimns” efficiency. Beddes that, witlun the same
merkel fechooliogy spillives from FIN ore soaller wish
ighed level of Labsour gueadiny, [ the wpstneam measkoed, the
ibegrew of shapiive capociny of supplens e o pegEive
mmpact om firms’ productivity bl hive @ pesibive impact on
reducing inefficiency. In the downstrean markels; the
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preafer ability af the buyers 3o idemtify, wamilae ind
eapkin knowledpe spillovers, the presssr the mmpea on
Imereasing productiviy but the lesser the impact on reducing
imefficiency. Rnally, @i gody fimbs tat 2]l componenis of
producivigy: echnolegical progress. technical efficiency
whanpe undd sealo dffisioncy change signilicanily cominbob
im explaining the TFP gnrsth
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1 Inirodisction

There are many empisical studies thal examine productvity
pains from foreign direct investment FEM) that Tocus solely
o teckmological dor wechilealh chorge. They evaluate e
FIH spillover effects on the comventiona! produoction fusc
tion {Aldken ond Hormsen 1908 Blomssion and Sjholm
P9 Joworcike 2004 Blalock and (ender 3HE; Kohpai
b 2060, Flowever, theortical argumments indicike thal
praductivity gaine fmim FON can come {rom efficiency
immprevement. Supenoe wechnolopy may not only remesbe
technology progeess et ol adyisced menogoniol expentise
il seakesproduction knowledge thad contrifinles o sechni
cal efficiency mprovement and scale efficiency ‘ephanoe
meat {Kokko and Kravisova 0 Smeets DR, Thas, (he
comventional oppreach of tresting productivity gaing. frem
FI¥ a5 syninymos - with echoological change lembs o
undersiobe the feal spillover effecs of FDL
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Given e 1o gl Ko hadge mamsters i Tongigin
firms are nol cnly an the form of sdvanced lechnalegy bl
s wanmgeral expedise and seole-prosfucton knewledpe,
Henee, a svatematic malysis on FON spilover effects shoulid
ncit only includie technpdogical gains bof alsn pechmical and
wale efficiencies. Mowever, some previous siudies have
mly Fiusgd on e clifce of FER spillover s o detcrminani
ol rehtive techndcal eficeney ar ditancy from be frontier,
They have invesigaied e effects of FD spillover in
capluining efficiency diffesences, eiher using stochietic
frontier analysis (SFEA) (Mastromarco and Ghosk 210
Suyzmto o al. 2008 or the relited nonstochashc of dala
umeglopmond annly=is (DEA) (Kmnvbsova 20081 A, vory
hardly 8o fimid any duelies thit have taken inta acceant bedh
efficiency  lwprovement and  iechnological  progress ux
sairees of productiviey gains from FDL

In ordier fo capiurne the spamces of productivity goins that
clanmel tlrmugh iechnical change and efficiency enhance.
ment, we investigate the effects of FOI spilloverin bodh
respects. Therefose, the paper emplovs 5FA for o level
paie] i nnd includes 8 sei of FIM spillover sarighles in
determining the production frontes and in affecing devia-
Lions Bom fronter. Funhermore, the sounces ol prodocivigy
cim be decompesed from stochastic fronter estimation o
three comgeaents; fechnological change, technical efli
ciency change and scale efficiency chunge. The wolal factor
productiviy (TEP) growdh is the summation of thise deee
productiviy  colnponents. Then, we edamine the  mos
ozt sowrce of el Gooe prisducivity growih dn
explaindng vagpud prowih using non-pasmmetric test of the
cleseness af fwe distnbaions.

The orgonleason of this poper procecds s Sollows|
Setlon 2 provides o lieramre review of sousces of pro-
ducaivity paing from FIDL Section 3 discusses data sousvis
i verinble construction for pesel dote IE & continwesd by
mofe] specification and edimation fechmigues m Sect. 4
Seclion 5 presenis the neaults for modie] selection and esti-
mudion, Bellowed by an anolysis of empincnl esolis, The
sumakiry of findings amd policy implications ae piven in
the finzl secion.

I Literature review

The ability o anrect FIX cogild bring finmerse BEpeiiE o &
recipient  country.  Incoming  inultinoional - corporstions
IMRCE) provide hoth direer and isdirect hensfits o the
lart’s eoonomy. The direct benefils from foreign alfilistes
can take the form ol new investmenss, productyve capacity,
labons demand, istermedise goeds demand ond somelimes
wAp s W stk fationd incoine of eoonomic gnowh,
provicke new oppormnity, ond soresse s revenoe {Toldl
2R Suanio M0 [n addition, (he enmy aof foreign firms

‘a Sprnger

In hest coumiry s dmdircet efTecs on existng dome=ic
firme. I vhe liseratune, those mdirest effeds ane ofton called
prechuiciivity spillovers from FIE (Blbamearivm o al, 2000
Grtirg anel Sivobd 2004 Lipsey and Sioholme 30057, The
indirect benefils are in the form of Enowledge extemmalities,
which are generaled. through non-markst mechasiass o a
rocpicsl ooy aasl the domsslis Groom within the
eoomuany. Fordgn fioms imenease  compelitive  presune,
which motvates Jocal firms fo improve sheir productiviny,

Theaeqical arguiments indicae that the extemalinies from
imwird FDI do ot ondy generte prsductivily  goins o
tdomestic frms hrough  lechnological  progress b also
gfticiensy improvemesd. The fimd Forme of incomang FLH
imificates St the presonce of foreign alliies may suppor
domestie finns imgleienting saperiorn fechmology o ot
the sdvanesd prodict which lesd o move wponrd the
lechnological fromtier. A the osoond B mply thi
stibsntial indlows off FDE ney stimulate domesic fnms jo
culch-up with sho best practice (fioms which eperate o the
fronbiery and 1o reach optimal prsduction scake,

Productivity guins fom foreipn  presence  we ofien
reganded aymonymonsly with sechmodogicasl benefits, Finns
in a developing couniry ame ofien lack moovative cap
ahdfinies. and sypocally lag behind foreign affillses. The
imtmidnction of advianosd product from Feeigne fores may
uccelemale the diffusion of new lechnology i the hest
coamiry, The presence of advanced prodecas and technolo-
gries finomy forgipn affilizes in local markets can inspae md
siimulaie local imovaiors we condwa esearch aned devels
o | LR & D activaty, This wall swpport the leeal fimms for
inventions, Hence, positve FIF spillovers e the pro-
durnvity growih of domestic firms are reflecied n he
upward shift of the firms” producticn techiology (Coves
1970 Glass and Szppi 1999 This argument i% consisient
within the sendand practice of the producton fusctbon,
which issumes 1had edablishments are operated o full
elficiency and comstant nefum o scale

In addition 0 echmological benclin, there bs anoiber
source of productiviey pais whdch  lends  prodicrivity
inoreases. Tresting productivity gains fromn FDE sindlar with
techinological progrese besds o develus the neal opillsver
effects ol FIXL Advanced technokgy may mat only creabe
lechnology progress bet also advipeed managenial expentise
and seale-production knowledge it coniribuies o rechni-
cil effichency mprovemenl sl scale elfcioney enikanse-
meat, The sdvonced manogerial knowledge from foeeign
fimme grovides domestie Gres skills relaed o rechoical
efficiency. A finm as the podocer of outpat Tor given inputs
them ether operates within or oo @as fontier. The Ersl
canicanne nepands a5 & iechimedlly mefticiend while the loter
relleets om some evel of iachnical efficicacy, By ohesiving
MMCe behawior, Jocad fivms moy Gnd o ghe ways w0 poo
e o aispu with the cenain combination of mpigs, o
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Fag. 1 Benshin of fuwemgn dircl mive sl

1o produce o given amount of oefpul uxing less mpal
combinoiions, This echaical efficiency theefore mefers o
the abiliny to avoid wasie of slack by producieg as moch
mnpml as mpud wage dllows (Kevisova and Zelenyuk
MKy Moweover ool efficiency knowledge b also on
important factor for scake efficiency. The domesic firme
leam wans 1o achieve optimal level of production scale,
given with a cenain exkiing esources. Some firms may
operase under o varlable retum o seole, s by lewm the
betavior of foreign G, demestic firms cmincreme in
retume o sl or scale efficiency advancement (Gimna and
Cifrg 200071, The bescdits fnan encourzging FII ghat we
dhiscuss nhove are illusiied in Fig, 1,

Fusthenmese. e productivity gains from incomang FL¥
ciin be immemitted inta fwds broad chunne ks, inma-indestry
procluciviy spillovers asd Snerdndosty productivity sl
lavers (Javarcik 2R Girom ef ol 20005 Lin #f al. 2HFEE
Keller 2EM L I the presgnce of Breign finms penoule
predugtiviy w0 dumestie fmns (8 the sae indnsary, ihese
spiblovess e comsidersd ne intra-mdusiry spillsvess o
learizomnl ggillovers. Chy the other hund, if incoming foeeign
firms incresse productiviyy of domestic fiems sonoes fnadas-
imies, these spillovers are reganded 2 inler-industry =il
lovers or vertical spiblovers. The istro-indusay - spllovers
my acoor theoogh thiee chasnels of productiviy: spillovers
IwasmEsion mechnmams, They are demansration effect,
lafboiuy maobility ond compeliton. Widle, the ineer-industry
sptillen ore chunnelexl thaeaggh venical linkagss Verical
technolagy iransfer can irise threugh both hackward (Fom
buyver 10 supphery and forward (froon supplier o buyerd
linkages, Hgure 2 cuthnes a schempic concept of pro-
iicAivILY aiile irEnsmisson rom likoming FDL

The pesience of MBC soboidisries in the donmestic
merkel can ponerale demonstriion offects for domestic
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Fiz. 2 The irinsmssson of modsctnaly e from forogn deed
Nk

fims in oo oways, Firsd the domestc foms can adepl
ifirecily from foreizn frmy's dechnologies through imitaion
of revere enginesring (Das 197 Khalifah md  Adem
MW Lecul limms can karn bow foreign Gre aflises
procure, peoduce, sell, momge, aml adag ochoology.
Céwiousy, the relevance of fhis effect incrvases with the
similanly of the good prisfuced by Foreigne fimns, They coan
thes imitaie the behavioar of foreign fGrmey Second, the
domestic fmmes ore stimulsed indivecily by new o aton
und RED {Chenng and Lm 3006). The presence of
advanced products Brome forcign offifiobes o host counmiry
Cim encoumige imd molivate lecal immosalor §o do B&D
actiwity which leack o innovation and invention, Therefore,
domeste firms can upgrade ik levd of their mansgerial
ekils end production techmolopy, und may expericnce
incsenses in prodecivicy,

Ananther channel for FDI productiyiey spillovers is nela.
Led o bour moebility. The MMNCs play 2 mone active mole
thim dboneeaic firms in educating and raining kel workiers
Thieaigh ikis waining. and seheegnent work experiences,
wintkers bevome familiar with foreign limes" schaology nd
production techiiques The possbiliny of domestic finns
hirmy werkers who, baving previously wiorked fior a foreign
firm. know abhoud the fechnodeogy and are able 0 mplemenl
it im the domestic fom Focun ef al. 2000 Gl and Sapgl
JOHERY, resxiting In producivity spillovess when dhe orained
wakers move o domesdc o o eusblsh e own
busines (D Melln 1987 Mevenhelees, it & impotant (o
simess 3 possible megabive impact anising  throwgh  this
channel, ax RNCs moy attroct e bed workers [rom
domestic firmas by offering higher wages, The influence of
this labesir meahilisy o e efficieney of local fems S dil-
feult voeveluae e it involves raclking the workers in ondey
o investigae their impact o the prodocovine of ofber
wiokers (Saggi 2020 I is not surprisiag thad these is a
shomage of delziled studies in pelaion o thas padicolas
nspert

Fanfermoie, e compeiiain pressan: fom FORL s oie
pertentielly impomont determanont of spilloverns. The entry of
MM iy lead s greater compelinion in domestic markets
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Forgign Irms which cnier inm 4 nerkel mey  mcieise
pompstiten ond fores lecal frme to becomse maore oflicenl,
Az hong s forepa frms serve hosd commiry mafkees as well
us forsipn and dumestic products se substines, e pre-
weace of freign frms oo domestic morkel may monsise
competiion, Compettion is an iscentive for domestic firms
Lo ilive exissng resturces cilicicodly oo svon & adopl pew
lechmologies. Domedtic linns are thea forced to defend their
merket shore by increasing sheir productivicy, However,
conpetition may sleo resrict the morket peawer of domestic
firms. The effciency of domedic Grms may olso be negas
fvely afecied tarough competition channel. When the
prodit offects ase laper thim the efficiency offods, the
competiion from foreign firms may resoll o osegsive
spillowem o domestic B, Markusen md Yenabdes (198
arpue that dhe enry of Joreign firms o domestic morkeds
reduces damestic Brms” salex, leads v fthe exdl of some
tcmesic finms, and restores sales of renminang G o eens
prodit level, Aitken imd Hams=os (P985 present o similar
argumend bal Bcus on the incwasiag of averige coss in
dbormestic finms ax a facior Tor the negative spillover effocn
The presence of MMNCs may imgly signifieant losses of their
market shares, forcing them o operate on o b effoent
scabe, with & conseuent incecase in thelr avemge costs,

A chamnel of vefical spillovers will exis when the MNC
suhsdiares are Emked o upstresm and downsanenm indos-
irigs. in hesi cownires  (Rodrigoee-Clae (9% Jovorcik
200 Blalock and Genler 2], The domestic firms in
lowa] nmrkers wid dhe MRCs as customes af inennediane
mputs may msul an beckwand Tmkages quillover efToc
Meznwhile, MNCs scbong as suppbiers of intemmediale
inputs 1 domestic foms may peseln in fopwand linkoges
spillover efle)

Thee bARC subsicliaries demund inennedinke inpas with
i apecific ssdlord of guality, which is osoolly highers ghon
the domestic dandard. The MMNCs migha lind it proftabks in
evelop local supplior networks and o help impove the
perfommances of these newaorks by providieg information
relimed o sophisticaed] fechmokogy, lechnics] sssistamce,
il wiler wervices o local suppliers In aane cises, MNC
sohsifianies moy alo geovide sechnecol ond monogenol
iraiming to demessic suppiens o ensure S izpues meel their
guadifications. Tins demand Jorces domestic suppliers o
increase  fheir efficlency and prodocivity improvemeni,
This chimnel of producnvidy spillovers is commonly Knowin
s b howand linkepes.

The MM mighn supply services o ool cuszomens thon
purchase their prodocds for ose 2 inguts. As arpued by
Javorak (MR, the entry of MMNCS provides new and mone
sliighke inpuis for bcal producess Access foop greater
wariedy of inputs, cpocialy Mo witl o highe gualiay, is
more likely w0 incsise ihe efficlensy and produstivio of
firms in downsmeam indusrics, Demestic e in

@ ﬁpr.hgtr

W iSITERm ndisries may s reeave producniviny wpil-
lovwors Erom MMC subsidiories, The pelstionship botweon
NG sapplicrs amd domesic boyers e Kiown as forsand
linkuapes,

Thezsae Hinks creste sm oppodumily for domesic sappliers
or buyers o gam prodecivly gpiloverc This - forward
wpillerver topether #ith the backwimd sl lover, aums ap foa
verdical spillover of FIM in the prodoctivity of domestic
supplicrs and buvers, This vemical spillover can beseen & a
development of an indasary by MNC sulsidiaries tha lead
o & development of other relabed mdosines.

N Dkata sources and variahles construction

Thie mimn dars e saken from an snneal sarvey of medism
e [arge momufacdturng establishments comdecied by the
Incknesian Cenral Board of Sadstio: (Baden Pusat Siae
Itk or BPS) The survey relies om census and covers all
estblishments. 18 is camied cad by sending a guedionnaine
iar ol larpe ind medium eswhlishmenis, ihose ae reconded
in the directory of esablishients compided by the BPS.'
The medivm aad Terge indusimal serie datn are desipned o
sy all manufoctuning ciishhishmeats amployving s loasi
H} workers in every year. Large exiabliskbneat is an esiab-
Ishment engaging with mare than 9% employecs, while
mudivm geizhlishment = o establishmeni engaging with
2049 emiployees. This enpinical onalysis will oee the data
Fromy 2O no 2008 The ownbers of original observations
durmg the periods of stedy ane A6% 306 canhlshments.
These observations vary wath the year of sarvey, with the
minimamy number of 20,524 monofaciuring ssmblidhments
im 20603l the mesinvmmn nismbes of 29468 smblidhmens
im 200 [ Tahle §

The main variatbe wsed inthe producton fronbes oiodel
voasid of outpd and inpo vonshles. The anpsit viriashle is
promy by il gross cetpan. 18 refers 1o okl value of catpal
produced by o fimm In o plven vearn Cagiiol stock & mes-
sired by e replocement valee of fixed seeis The values
ol fined osels comtain three sssas pypes: lands and bl
imgs, machinery and other coplinl goods, and vehloles. The
labowur ingut is messured by the number of employeess. The
manmder af employees 15 wsed instead of man howrs doe e
the unmvailobiliny of e dois Material i the totol cost of

" Seine Hems may hne mode (e ofe femny ssd BPS delvei &
thttereni quessosmairg i the head office of every hem wof seon (has
ma faciemy.

¥ e BPY lus conducied el survey of sssulamursg My
gy EUTS mmal the receni geakible dam amd [or the ear 200
Hewprwer, thas shady v only the pomod of St Troes 300 6o 2009, |
is hecsuse the BPS chagel the specific sfenisficstinn code 1n EIFY s
ihe vear M1 wiloui perniding o coscordancr e o the previcasty
wed idesficling e (FSI00
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Fierggn  Diesesie  Total Forsign D Towl Fondgn  Dienesge  Total

F.F LG 173 IRSEY . MO &S T4 BT 553 (LR | Ko
L] 6o IRWY MueR: 608 b, IBS 1540 %1 | 715
200 Lot MmiGs TR G0A T, 0 IHATS 1332 5615 TR IaT
i) 2173 7.3 Hdnk 1530 E5,ITH Inyn 1427 14,525 | 5552
a7 23001 5, T9K TS0 20dn RERLIH] InceE 19T 13,030 25 1D
M 4237 25457 AL I 2,141 L el b 15442 233™
UL 1M1 K 1adng B L] HIL T LETH] R H LT 0] 1271a¥
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A plmi wih asy share of fore iy e meets i crasidesad s finsige line, Ckessg Deia 1 & pehdng msbeial
imput citered 1 Clemmp D 1= appdving moierzl st cresis 1

bomestic and inpomed aw mmerdal ased inoche prodaciion
process, Whale energy is the ol expendifure on gasoline,
desel fud, kerosene. public gas, lubricml mmd electricity.
T caatpat and Ingut material, eserpy aad capatal wock ane
walued i monetary tere and valved in theasand nupiak
Thensfore, 1t & necessary o defate the values puipot and
impids ingn real valwes. Gross caipat and ingats ae deflased
using & wholesale price index | WPl pablished by the BPS
al a constand price of 2. The value of impeeed satenal
is aleo comtrolled using the exchange rae indes,

T supplementary datn used i this aody ase inpal
anpml (B @bl It bs used Jor calculatng  spilloves
wariahkes for downstream and speream indusinies (back-
ward and forwied Fakagesy The O zble captures 175
ceonomiy sectors ad divides mansfociring sctivity o
0 sevgors, BPS provides concondaee whles linking the
= codes e S-tdigit ISKC codex. BPS psumes that ech
walogy is consian every five yeor ond that b5 why BPS onldy
prowvices data of 0¥ nble every 5 year Dumng the selecied
periodd of the study, i is assumed that echnology is oone
stmi. Hewce, all the semical (hackword and foroand ) lin-
kages is estimuobed by applying an available datn of 1-C
takde which were published in year of 2005,

An unholosced pase] dotsset wall be used for estimnning
sinchastic prmbuction function with ineffAciency effects.!
Thene are several adjustment sleps 1o set up an unbalanced

' Bemades thar thiv shuby abo comsters ihe 0 whle for the wear
20H1 fir estimading bow keazard wil forw s bnkapes for the yosec HHD
i 3N mhule (he femainny lnkapes = esbaeal ming e 0
iakle for the year 205

T Mirewuer. this sondy spplos o balarce] poned doga e calculsing
vl angd mper groatk o owell s for dasmpasing wed (soor
producn iy groath N Hee cemponon) smrces o peoductivey
Afier comamictieg & balance ee | dat naing nhservisos with maenial
inpa ceeris 1, e numbers of ohuxvaliom in sveny gear e reswved
in MIOUE firmes, Meoaawhile wing o 2, the mumbers o
nhscrvygoss become KI5 finme m oach war,

pared dala. A few observabions ane dropped when making
comsisteney checks between industnivl codes with intema
el standard inchisrial clasificatioa 1S-digil ISII:_I.'| T
data of fived ssuets dhow relmively high varintions from
wear to verr. Many esiblishmen! regon missing value of
oo on these lixed asebs Inoorder fo reduce U valatility
i impuse. these massing valees, the caplial sories ane
regressed agmiest the lagged values of neal omput o obtsn
predictions for capilal al establishment level, These mizsmy
vabies are colealased Tolkowing o methedalegy similar fo
Wid 2006, Ikhsnn CIOHOTS o owell s Suvanbo amd Salim
(2013 The capilal weries we regressed againag once lagged
wakes of real output o obtgan predictions e capital
exmblishment level. The prechclions ane thea mmpued for
establishments which repon zem or missng values,"

The daisser sne clened o minimize moise fom nm-
repariing, misrepating and key-pamch errar, sach asoin
Inpuss and foreign shere. Some esahlishments m a given
year mpiried missing values of some inpoedis ach as
mikerial, ezergpy asdd labour owl. These mising vahies in
these partular vanobles ane eliminased fram the obsera-
v, Furthemeare, there & obvioud By ping mistake of riw
ity in forelge <hire, for examgle, foreign share off o finm
for the whale of the selected period s oyped os o DG,
exopl for a cerad year being byped as 007, amd then the
1% share = adjpusied o 106 g Daring the periods of (he
atudy, more than 2% domesie fmms chompes 1o foregn

* For fimu with sxme PEID. if thary kenvee dafferent SN0, ke mosd
dhost e BRI welll fepdie the Seas doanineer SO, Husever, IF each
firmn worih sume PSED has 2 dilferes BIC @ every ver. 18 dropped
Imen churvaiiom. Afier ibax adjusisant, the oraginald nhwry alimms s
knpped wnisd 083 &
* The mizsiez value of Axed awem e gouml MRS fmm he
|1ri|:'-wl sample, and WG % of them cm he pstimptod

The missmg values b mateial, energy end Libaour cosl s sl
AL =5, LAT % el b than 000 % oen che onpmad sampde
¥ Thas iptepoknion apples b0 fesscthen | % af the senple
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Toble 38 A soocsrs summary of the mess varsibbis waisg manerisd (apan celieria |

WVenislsle s Lindis Yemik
SR Wb ] AHIS HEw A el ] RIEL
ERatpiie £ ) Bdlon Rupal  Mess 4347 5134 5.3 5144 41.11 aTnH R )
. Dev k2 ok el FULET EL N T 145 50 SH13w T3 T
Cepiind B} Biion Kipisls  Mess andy i 2T 5456 445560 H.13 1LTH 51334
Bnl. Dev AT Lng B JWHIAD By R e EREE] EHL IR L5073 T, OG0
Laabir i1 Wirkert Wi ns 1i19n IR s A1m BA%. 15 17403 17842
Sl Dev T4TA TSI T O . M BT [IHEE] L
Moyl (M) Ballion Bopsh  Mean 153 2% iw LI 5H RS a5
Bad, Dhev i T5I5hR 25| &) Meim TR RS o
Eacrgy (E) BilEon Rupsh  Mesas 13T 157 is 143 .07 IHY =8 1
Snl. Dev b7 | s44n = e 5 | 442 32 5] A2
Numher of phsorvations ERTTE Il IE,E7S 16747 e {dk 242302 iz BT

Pedean = aiidine e el aversge, Sul Dev o ssudend evaibom

firms and less thaa 1 % foreign Grms becomes o o domedic
firm. The numbers of domesile and foreipm establishmeniy
in each vear s reported in Table |

‘When the ratio of maierial imput o goes oulpot is oo
low ar gon high, end inosome. cses the ratlo s mose thon
ome. whith scems fo be unressosable. Hence, the observa-
Lo is contralled Eom this implusible s=nse using matedal
inpud ever gross cutpoi citerin. The sumples ore cossidered
1o be exclnded from e abservations if the valie of panti-
cular matenal mput dn relation 10 gross ougml s less than
5 % and Bagher than %5 %, and we call thas matenal anpst
crilera 1, Afler &is adpsiment pmocess the il observa-
then doring the periods of spedy e 146368 estabhshmens
wikich are growpeal in 3480 dentification codle (PSIEV
und 344 inilssinal classaficatiens (IR0, Besnles that, thas
siidy also sooomiodates the moterial nper cntens of 10 and
51, whach we call mulerinl mpsd cntera 2 and the nimmber
piseryolkm necduces o 4] estahlishments which ane
clagsified indn 34578 PSIDY and 341 [SBC caieporics
Tabde 2, b show the man datn in each year using thess
criteria.

The. exogenoui vodghles meleded in the msdels con be
fivided into key varables aac other exogenous variahles.
The key wvirbles are set of FDI vorables, =uch as the
dummy variable of forelgn firm (FOR), henzoniol spal-
lavers LRSI hackward epilloven (ESHU and forsond
sprillowvers (RS0, While, ghe other vorahles e opensess
warighk=s thut can ke messured by imponed ispur sotenal
imlensily  fenp] and expod imtensity (Exp), ahspapiive
capacity variable (Als), the degree of madket compelition
CHE T a5 well & fion size (FSize). Al mdusinipl secion i
this siody pie Clesilicd Bakad on e S-dight indusrial ool
umd ol cokculoioes of their values are hesed onothe anginol
eiEervalEm

@ Sprager

There are some different defizftions of [oewign owner-
ship, According te the differend studies, the defimition of
Foaeign aquity capanl varies, Studies by Aswicahyono ind
Hill (1993, Blomsirom und Sjohalm | 19%9), Koirala imd
Kooshad f 15990, Ramsieres 199, Merodo and HEL (2007,
resdaly accepl any positive amom of foreign ownership,
while Hacdidad and Humi=en {1903} mnsicler Grms with al
lenst & % eguity owmed by foreigners. The IMFP £205H) ind
OECD (2000 defnition of foreign finme is defined a5 an
incorporated eerprise in which 2 foweden mvesin coms
L% or o of ther equity capitol. The IMF ond OECD
dehndion s dharacterieed  an  mermationally  standard
threshold of foreipn fimn. Ancthes siudy, like Dyjankey und
Hoskman (2067 consider the relevant thrsshald s be 20%,

This study accommixhies weveral thresholds af foaegn
sy pesceniages. All point-venere companies with 5. 10
andd 2% of fonsign assets will be considensf ns fooeign
firms im the model. Yanable of forign owneship s me
el by o dummy vaniable s inowill be defined us

FOR; = il the share eguity of forignowsership ial
lime Fis greaber tham orecpuals the theeshdds.
= 11if mtherwike

|11

A extensiog, sech os en mmerscting FOR dusoay van
ublde with foreign equity share (F3FFORD 18 alo incloded
in the model. This inferacting vanshle capéons the efect of
igher percenlages of forign ceneshp oo finms' pro-
ductivity aad efficemcy.

T ety slese of gross ol is chosen as o goesy of
horteome] spilbover fom foresge fiooe As Gn Javorsik
(2KE) and Blalock and Genler (2008, she H5oiT variable
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Toble 3b A siEiste sarmman of the salp vanisbds uslng rerd D cmeis
WVenislsle s | RFFTES Yearm
MHiE ol 11 HHER L A MM pIEL
ERatpiie £ ) Bdlinn Birpla Rl 4435 043 AT.T3 S04 L3N 4733 3L
Sut Dew 32a23 S AS 3834 LT b oo AR5 T4 TN
Cepiind B} Bélion Fupue Flean T 154k 5504 4,157 i HLTE i
ol Daew FAHLN kAU R Lk 2, T | hE 15833 ThARES]
Laabir i1 Wirksrs Pl RIRR L 211.5% 20257 211H 14 T4 It 177eA
Sul Dev THR2T TiM.H2 TEL1S TrLO4 HEEH] K] [l 5727
Ml (53 Halion Rupiah Mean mn 344 LA 2043 2440 1816 1aK1
Sk Dhev (GERTES 2 1u IRR 3K 2M,27 IMAT 2533 Jaang
Eacrgy (E) Ballion Ruplas Blean 1T EE ] 336 2.3 24 et 1 e, | |
Sub Dev LTk | 4282 anli L] Rl IEFT 4403
Numher of phsorvations Ik, 170405 18,167 19952 2 IR0 11X 574 1245

Pedean = aiidine e el aversge, Sul Dev o ssudend evaibom

is the horizeotal spillever effeds mom FDI o domedic
firms" peocluctivity in the same morket. 1 b caleuloted ux
Foaflos:

. E” Fites » e i
Mty = E..,- Tt 12)
where Bl denctes the horizoal spilloser effecis, FSk
mckures e share of fimn's wtal eqeily el by foreign
imvestors. Foexpresses ouiput, subsomipl ©odenoles the i-th
firmy, § describes the jbh indusiry, 1S mnificates a2 brm m a
miven imdusiry amd ¢ epeesents dime

FIN can dlo pererafe sertical spilloeers throwph the
linkage channel, The bockwond snd forsand spitlover vari-
obdes hers ane cestablished sccording o the 1-0 gable
expecizlly the Leondiel imverse matnx whdch caplures hoth
ifirect and indirect (inlersecioral) bnkages. The measmre-
moni of vertical linkapes in this sndy will fllew Kehpoi-
bexans (20EMRY sfueky, Thas ds ddTerent froom Frvorcik (200006
ond Blalock and Genller (20081 wisos: vertical linkoges
pray copiures only the drect liskoges,

T chiv'so, mder-amilusiey linkage is comstnociee based am
the Levnixl inler-inslustry accommling famework, Consder
i inpud—saipnt frmenewerk in whick the impar contem of
each Imnsiction i excluded {noa-competiive bpel:”

Y=A' - 1 E AV = oyl = Ka/X
(3
Suhing By. {5} for X:
X=[-A%""W+E, [F-A"=]ml i4]

where X s column vecor of waul pross caotpal, A7 ik

* There is-anoiber bype ol 10 @bde 0 which e Impon EaE=cims
sl encided feom domesic mansctioes

tomestic impud culpul coelficent matnix, [ogl is elemenl of
domestic imput-ousput coefficienss mamris, ™ ¥ ix colusm
wegtor of domestic demand on domestically  predisced
ponds. £ & oolumn of expor demand on domestically
produced  goods, |y b the Leonbel domestc myerse
mieris which ciplres both dimect and mdirec) (infersoc
tomlh linkiges in the mesuement press. [ shows thae
poinl wnits of cutput eguired, directly od aindirecty, from
all setors when the demand for e indusary's product rises
by e umii.

The varmble of bockward spilloves (85l caprunes the
Foreign presence in the upsineany indusiries that are spplied
by iy . The: messarement is defined in the Tolkwing
way!

Bpitly = 3 hueHSpilly. 5

i

where by isdicates amoand of indusry &5 oulpuot demanded
by i mhdiciomal onin ol imEsiry ©F ouipEe prodeced. The
preedust betweon each olomand by md ds cormespamimg
depree of Forelpn presence (b HSL meaames o a
comzin exiem derived dempnd from Foreign presence for
imdustry Kr aufpal. Flence, the s ol tha prodect mdiciades
okl derived dememd from foredign foms for doestry &
calpmil, TS oeligsines e Dackwand linkagos Tren fonsgn
firme. In By, (53, inpaits supplicd within the incdusiry are sl
inchuded, becanse the effecis are already capiured by hos-
ieatnl spillovers:

Whale ke FDI elfect on soppliers is meaared by back-
wanl spillovers, the FIX effect on buyers is mepresenbed by
forwan] spilhrvers, The Frwimd grillover is colouladed in a

™ i enefckens maris (dy,) wsed by fovo ok (2004 md Bldack
and Creriler UM fos sabmkemg vomiml Enkazes and capmunes iy
irecy domaim]

£ Springer




Zim

1 Froad Anad [2006] 25 FW=211

shimdlar way & backward spilkover snd excliding ouwpuis
predused by forwipn e For export (Fe-Xq) The purposs
oif this messme 19 0o cagdure the potensial spilkovers fiom
fogeipn fimns o domeste biyers prodoctivities, The for-
ward gpillover is defined as:

5oy PSR (Y, — )
glta—Xa)

Fipitly =% by i)
]

whese by, indicates demand for industry &5 ootput oo be
used ax inguts for peenducing o it of industey Foooulpol
‘When maulliplying each element fyy will ils comesponding
freviga share, this maltiphving indicatos mdusiry F pucheses
18 indermediate imputs supplied by freign plants located in
imdusiry & For the same reasom 4% before, inpaiz punchmed
within the industry e exchded. Hence, #we sum of thal
procuct wonld reflect a propodion of fsde] inlemmediale
inputs used in indusiy ¢ sppplied By foreign Gons, adi

cidimg forward linkage fmm fordgn firmes,

Having access 1o leading edge lechoologies  through
techmology imnsfers may ot (sell lead o productivy
impeovements, An absarplive capacity is o oritical Bactor in
firms” abality o coich op with ather firms 2 the techmological
fromtier oo o shill pgwesd from she sechmokogicnl feonber.
Spillovers may ol meéerialize iF the wechnology is nol
absarfed and atilized efficienily, and then there may be liile
scope for keaming. Theredore, the spillovers effects From FC
oy ol guarimtes o gooud gutomaically, it depends with the
capability of the hwmen cpinl in a receipl coomy

Human cagmal plays o crocial role an sheorplive capociny
ol heed indusay m owhicl the foreign finns operate. Mas-
iromanca and Ghosh [20H) as well as Henry et ol (2000
foand thon the exesting level of baman capanl is an inpos-
lamt varinhle for preder lechnology absarption. The mest
dppropriaie indicator fo essess human copited on the Bons”
procluchvEy imd efficiency i the guality of the workers. B
represents the skils of workers ghal affect the produdivity
wnd elficiency of the iome LUnforumaiely this, indfoomatien i=
ot avadlable ol iom devel dais et we use in this sudy
Hiowever, Le and Poombre (200 1) argue since tle Smber of
skilled workers are not avallehls, lobour coss (including
wages and trining omlsd perworker can be nsed a5 0 proxy
for the haman capital sock of ghe Grm. This is ksl on the
nsamnpiion thin femes with higher average léhouwr coste per
worker cimploy lagher skilled lasoug, Therefons, the Lehaur
vont por worker will be osed s oo promy for abscapove
capacity varuble (Ahs,b in shis sdy, To socound for the
ubsnrplive capacity in delenmning the extent of fechnology
spillovers, we inderact abeorplive capacity vanahle with the
spillover varishles. The absorpdive capacity may facilian:
FDI spillover efects o e liadonesin manudadusing
Indusiries. This inremoctnn beawesn techology smllovers
from FIH with the sbsompaive copacity varishle mny

‘a Sprnger

Fepmessent rag mleqiom of new fechnalogy i e mant-
ficmring seglon:

Maoreower, the openness varabkss can be detervinands
thi s e formy's productvity performance, Techaology
Imnsfer from imemations]l rade provides  greafer impors
lance [or productivily growth for Goss o developmg
goaminies whish howe Lile pew wehmslogy. Teshmicol
pragnzss could be ombodied in new miterials, intermediate
misalicured predoc, copilal aquipment are raded on
imternotional markets thus allowing cownines 10 impon e
EED mvestments made by others. Kella (3R} oopmests
that impor aad exporl mlensities can be o sigmficant
channel for fransmitfing  technalogical  koowhkdge. The
imporling ar cxpoating planis might recozive lechaology
spidowers theongh their impaning or expaning esperienees,
They might come inlo conmet with forcign echaology
through their mmportimg or exposting aclivities, and mon:
likely that they el more woess o lechnology, This radses
the frm Sechnolopscl copacity, which in tum increases the
firm preduchvity, Therefore, both will be included in the
mudel, whoch imparnt intensity (g is inessared by dhe
of impomed wstend o espoat miensioy Epd is -
wuned by nio expon o gress catpuot of fimm coat tme L

Beopdly, frm's higher prodoogvity  perfonmancs . con
ooonr iz mesull of the lower or highes degree of market
commpelition. There are fwo alternative bvpotheses that have
been pat forword o explain comrelation between  poo-
ductivity performance aind competiion, D the one haad,
leighesr comceminmion con be e result of dysaamic congpe:
titiom amang fBomsof @ferential prodocnvity that remaoves
lews prodductive Brms from the industry s argued by
Dreaseiz (19730, Pelizman (197710 Silak and Tecca (20N
o8 well as Teseg (20010 On the other kend. higher con-
cemirabion ix 33 inverse mesore of siilc competition gt
con protect bes produive Groos. This aeans 1l poo
toctivily imprvement couhf be stimalded in she mon:
coampelitive envirmumenl 2 inreduced by Mickell et al.
(ERrT il Alin (208020,

The dwvnuinie competrion = paospelled by the clhanme i
exkernal circumstances and the genennion of pew produces,
meew processes, ond new bosinese models. Fimne with betber
prgavization cm manage of thear esoarces efficiendy. Some
efficiency mught be gamed by a decline of this inefBcency
fringe. any substntial change in markei stucsane would
likely myolve & reallocation of cuipal among e mesi
efficiency fimns. In eddigo, the most prodactive Gines also
e greater infensity of echnodegics] mevation of finne
or hive greatier inmewvating effor o comduct BT activides.
The munz pregoctve firms will be mone proditable aml gain
migked share, consaquendly, the conceniration of te morket
increnses, And therefsne, lbgh comcemmiion i= likdy o
have mapid technologenl change which lesds 1o luighes

prcliciividy
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xn 112K D28 D2k [ERi oxT [18eF 3 I Bl]
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5 [Ranss Men Q17 oy oot RELCE RIERY 1Tk RLLE
] 22 24 024 013 03 25 (L34
Her Hatan Adean  MIE Ll ol [ERI%] oo e T
xn L (et «13 [N ol o2 {19 e LE2
i Fara Mem W12 f12 2.1 14 1 | ILEL iLel
=N iz LRt} [ ey ) -l ] nIs [16n2 8 q2n
Hipil J LETEY LT EINET alk mi (RN (R [15a] ] nn
=D ik aly [EN (SR ES oy nx 2l
LT Raras Mem 113 0% 1407 (B3 LT 1.0% .25
xn L1k 13 B1X 13 s L 1%
Fhpai Rates Mem LI LS PEIES (R Li4 1.23 1.33%
bt iy oy LT [ELH pial e N1
A= BMillios Rupish  Mean  H B0 B4IT Bup 280 0l nd [E T (BN
D I7T.55 Ltk EES Mt aTi 2h . ] |
HiE [Paws Moz AL ol il (R (R LR LN
&N iz oz ol o]l ok [LAE (N E
Nz LR Mem Q2 a2 BTk iy RIET} [LTET i)
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Mean = anthmetical avmage. %id Doy =siandand devix im. Esplanaiims for e sihsmpis ang provided m

fooimie 10

rn the cdier hand, the degree of market competinon can
ulfect the level al managers’ and workers” effors. ono
paly remis b meosapalistic frms con be copunesd By their
manigens and workers 1o ghe form of managenal sbek or
lagk of effori=, Competitie pressare niay reduce such slack
by givingg misone incenives fo thelr monpgers sod wokers for
Increasing their efforis sad improvieg eficiency. It con b
regsonahly sxpect thet prodect morket competgion would
disciphne firms isto ficiens pperation. Beside tha, come
petition can be alse defGned in lerms of productivity gresth
through isnevations, Prodaciiviny gdins come fram enhim-
cing imnevations which infrodaice new el Belier poodoects,
ind suecessiul innosations will evenually roise the level
nnd growdh mie of prodoctvey

In the sense af the degnee of nasket compeliton, e BT
can be used as a memuge of the degree of markel cammpe
o, Higher walues of B indicaies greater comgentmiion
G sales among poducess and this less compeition, The
frst orgument sugpests et higher value of MHT S g
clated wigh gresier prosdociivity, while e lnmer angomeen

wageesis that kigher value of HHY is asoociaed with lower
productiviey, The meosune of swrket eoncentrabon o
imdusiry §al time Foaen be calculised as follows

Hitl, =3 5,  whoei €], 7
=1

whese 7 is mrket share of each fimms.

Tl finin =0 vipedle (RS ) will ako be wcTudssd i e
musdels, Bwod on o number of dudios soch as Moalson
(e amd Kohpaiboon 20095 the FSee n the models
comrals andusery effects, cepecially when smg o sample
vovering many indusiries ond wsing ageregation. In this
windy, the FRioe, 15 messured By outpol of the lirm @ chvided
by sl off the andsisiry J ook dme ¢ The sanmpsay. Salisis
of exopenous vanables  #konees] above ixing material
inpus criteris | anid 2 are presensed in Table 30 snd b

e sshscrgpis of 3, 19 md 20% in the dammy FOR sow the

threshold o fowvigs oquary share,
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Tablde I A siisted samneey of exgroims sariahles usleg neoensd ingan criteria 2

WVenislsle s Linats e
A Hiaw s Adh Jaxl HHIE pIEL
FTRL g Estuiry dlimmimy MeBin 11 CRF 1105 114 [EEI Pl 1104 LLEf
50 114 1124 .24 (R a 1138 [RE L
FER 5 Bz alumimy Prlian INE EINE 1148 LEIE ik {108 [N
5 114 112 1.z LR, R [l ] B3k
FR Ry dumimy Mlein R s R [EE1 R 0w nEd
S50 | .} 1123 1.4 (KB | ary LIEei] 0Aas
5 Eatin Mellean o7 {107 {17 (ERI N anm s [RTR)
SO 124 124 1L 125 a4 125 (L
g Riatio Klean 11 e 11 LA i Qs 112 g
50 120 LN E .13 (=N 1] 052 1112 = e
Exp Tz Wiliman (T8 e 12 T [FHE] aE il =17]
S0 133 13N ] [REL1 ] aM nax (Rl ]
AT Rsanin Wlin (1L .13 .13 nm ik 12 v
LK L3 417 .17 .14 217 0.2l i |
fxmi Faiin Peliean i3 |3 1417 I.1& Lt LI 124
S0 (B 1.3 1.4 {1 1] [ B [ Feqd 141 129
Ehpilit Bealin Belleinn .00 | 125 10 (% [T ] 135 133
L15] R 110 HRIE] [ERCE] PN ]| I Lin
A= Mhillen Ripech Mcan K75 0 LA 12 8 1006 1581 [EEEK
S0 Ll EL45 [t 104§ | oy 21w pEF
MHET Ratin Kdin LED {LID 0,1 oo e I ol
Bl 11k 1,12 1,11 i N ] .54 ik
Fiice Halmi Melimin TR i i [EX} ] o R} TR
L] {Ern) LITER AL LX) R EE] [RIE
Fumher of phamrations [ EEE ET s 14, 167 15,551 15 ki 15,574 11,245

Mlaan = arahimenoal average, Sl Dev. = sovdand heviaios, Baplanations Tor the spbsc i ang provakéd @ lisoe (1)

4 Model specificatimn and astimation {echnigone

The procluctividy enalysis Herature can be dvidad mio two
muin braaches: poramedic gl non-perametnic ethods,
Amd, these e moo mast popalor estimation metlwods wiich
el with produciviy  measuremend, daia eovelopment
analyels {DEA) oad sbochostic fronter maolysis (SFA), The
DEA 1z meprescnlative of the nonepamimetnic . metod
invilving o lbocar progrommng meedel 1L wis coiginally
propedasd by Chames et &l (1978 DES develops o non-
Al piece-wiae eamme of fomier which s deter-
mined by the mest efficient producess over the dosed. It
ideals with many ouspusi in s comsistent woy. 18 s very
fexible in the specification of lechnelogy with no paricolar
preclucthcs function  assumplian,. Hewever, DEA s a
determnistic madel, because efficicacy 18 measuned 5 e
afistanie 4o this fromnter withou igvelving statisical moise.
Thos muokes sensilve 1 the exweme vilues or ounlers and
conses the effect of messamment erree (o be completely

'ﬂ Sprager

unpredictable (Yan Biesebmeck 2007 Therefoee,  the
edtimated productinon frontior anid efhiciency measoes will
be bairs.

Mos nenpammeiric methsds for mesuning efficieney
ae basek on envelopment wehmigues, sach os DEA. Sta-
isiical inference based on these estimasors is available but,
by comstruetion, ihey e very sensitive i the ootliers. To
vercome s problem, Camils et el (22 provide a
nemparemetnic edimigar osing free disposal hall {FDH]),
which is mare rohuss 5 these: aumliers, Furthermone, Durso
i Sdimeas | 20D develop Kheas proposed by Cazals et al,
(20020 allowing environmemel focos o the model which
may mfuence the prochecoan precess ban they e seither
inputs mor ewlputs under Be control of the prodecer.
Anothea modlel, Badm et 2k 120012) show hew 10 mensare
the imgacy of covircamensal faciors in o ponpam@mene
proklisction imodd using conditicnal ellicicney  messies,
And more secently, Mesoomancd and Simor (S propose
a nemparametic prodection fronner melel witk fweesiep
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X

iy ey, Their moske] qime i gnalyas the sxemal
foctom that may affed the coomomis perfermanee of pre
dhiction umil

SEM. o0 the oppositg, b5 o regres sian-basel apprasch anid
wemming a procluciion funclion md specific distrhutions
fior the ermr termy. The two pioneering papers of 5FA wene
b lisheel by Adgmer gL al 019775 ancd Meouson and Yam don
Broeck (19770 They independendly introduced o stochistic
parmeEi model, comniming o comnmem srucmme of e
ermor componeis, The firg aror ig swocinted with random
siaistical noize asd the secosd mmor is imended (o capione
the techmical inefGcency of finns prodoction. Bod, thas
methad ipplies negatve of an eaporentizl ansd half-nommol
tistribution for the second ermor, On the ather hand, o mine
flexinle  dismbuion for  mmebservad  aneffciency wak
developend by Brevenson (1980, nomely o trincated nomnal
thisirdhuton. izl ponel data models were developed on
the time Invadant ineficiency  assompiion. Then, dhds
prsnmpion was wlimed in o seres of papers by, Commell
el al. {1990, Kambhokar (194 i owell ax Ballese and
Coelli {19521 It & disiribuied ox ruscated sormal dis-
trihution which perminted time varient model and uselly
estimated with macimmm Lkelthood method. Sinoe the
imefficiency vanes acms thme e prodecers, it is lkely to
fAmd determminis of inefficiency vamation I the carly
sudy, the effbciency e predicied in the firs) stage and then
repressed agninst @ vecton of exogencos varabks in second
stnge. I meore recent shidies, Kumbhskor o al. (19910,
Flwany and L § 19%48) ax well os Baese gl Coells (19955
eatend the meshel by allowang the impact of envaonmeni
facton sinultaneowsly m the medel,

Drue nix pumerical and ssadistical insighiliny infinite. am-
ples, stockastic fronler models are difticul 1o estimste even
in Tull paramesic sefting upe Bven though  parametric
ipproach sufiers of misspecificetion problenss, this stucly
wfill cames ouf o onesstep stochasic Fomber mode] proe
pesed by Kumbhadkar et al. (19915, Huing and L i 1%94) ax
well w Batiese anad Sodll (19935 Themdore, this meslel
necds assmptions  ghod specific pammenc  fnaional
Fooms for the pmoduction. To seleod o proper swochisaic
procluctios frentier, seveml oltsmaotive prodection functlong
will be estimated and a8 appropriate prodection funclion
willl be sdecied using the genenilized log-hikelihood tesi

This study develops o ime-varying stochpstic fromler
preduciion Nipcgien for pane! dotn B focus on the elhae
of FOI voriobles. These vuriables may affoct o Gnn's prs
ibnctivity performanse. Theee vanables we mose. relared 1
the envirnnmend in which the prococtinn pecurs. Furiers
mnre, the theoretical arguments indcale thal gains of FDMN
i oly comme from echnological benetits ban alsao from
ellickmy ingrovenmiie. A iy W e ponile Biese vagi-
ubdes im the mochastic frosgiss apgrooch = by inchading
FIl warishles in hodli ghe producion functon  and

|l'||.'ﬂ'||.'|li'llli} fungtione. The siciusne Inentier mogs] For
pamet data with exegenoue vanables (1) n be spevificd in
a general form s follows:

va = o+ Tl 2y T+ v — e 1Rl

e

whese vy is the logarithan of oopul ¥y ls & veosor of
lognmittom of inpais. = is-a vector of exogesous variahles
aflecting priloctvily and efficiency. Subsonpt | andiciates
the d-ile G, sobserigh ©represents the -t year for sach
fim, i anld Gy ae intercepas. @ oF and & are vecaors ol
paremcter io be esimared, v, 3 mndom vanoble ssumed (o
ber died M(EL e and independetly of the u,, which iz non-
negative o mndean varizble asmmed o acoourd for lechnical
imefficiency amd 1% axommed o be independenily distnbuled
a8 rumeations o 2ero of the Nizgd, a2 disribution, e is &
randiom varishle, defised by the muncaton of the noomal
ilirribution with zere meon and vasimee .-.13. puch 1Bad the
petima of trncatim o b i ey, 2-xdh

The predicton of the technical effoencies 1 based on its
conditional expeciaton. given the medel  assumprions,
Citven e specificsions in Egs, (b and (5, ahse echaical
efficlency of prsdoctosn foe the dsth G o sh vear s
defined s follows:

Mg = dp 4 mgd - a,

TE, ==*
Y 5
__.lrll'la-zi-:ﬂ.r:l.emlul-, — [Ba)
Flxgzas Borlelve)
=, r?|-|"| —iyy | II%J
= expl —2uf — o)

Eguation (%) shoes that e TE, E measored o 3 ralin
of ther realiced ouipul (v,) Over the poleniial prxinwan
partpanl (gt Hence, the V&, scomes vary belween 0 and 1,
The mosl efficiend G {of the besil-practice fom) has a
TE, seore equal o | and inefficient finng hase TE; scoces
Bl I

The poameiers of bmh e producion frontier md
imefficiency effect are ectimobsd simullonesuely u=ing o
miwimummnslikelibood methol, under appropriate distribo
temal issamplioms for bofh error components vy azd ).
The likelthood functiom is expressed in tenis of varasce
PMETEETS, & = 4o ond p= e e, whics Ties
begweea O wnd 1. IF p aquals zeso, then e mods] educes 1o
a imddifione]l mean respoase fonction in which 5y con be
direcHy included imin the production funcion. Thas indi-
vifes Uad the ordinary least syuare (OLS) & 2 batler fitlmg
ol the dans, O thoe odheer and, i pig choser w0 oy, dhen ihe
Fontier fwslel 15 appropsise.

Thiv sudy spplies o fexible funetionuol form, numssly, o
spochasric mansheg dranscendzndal boganithmme . prodaocron
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fromier w0 iesi the spillover hypoless from FOL This
froptier i a mom Aesible functional Form of preduction
tromier. I i characienized by a non-fised  snbsaitmion
elasticity and is thenefone sabsect i fwer comstiaint Sisn &
peneral logenthm linear model (Chrisenam el al. 1473;
Fleathfick] and Wibe 1987 In addlition, the tanslog func-
livmal lam peovides dnwe penenilived cxtimastos than ather
logaritan Jincar modele as it impeoses melatively fewer a
pran resimciions an e sare e of produciion (Kepp and
Sowith 19401 By adepting 2 fAexible fencoomal form. the
risk of ermors in the mode] specificaion can be redeced.

To conimsl the industry specibe fotors other than the
firm sze, the munfe] is oegmonted by industnal dummy
wvariahles.'? Two. industries miry have reasonably similar
sapucires in e of elaive fimm sizes bol be affected by
different unckservable focters. Therefore, the  inclusminl
tdmmies vanshles we added 1o ghe transdog  siochaedic
fromties prodaction fmcoon with inefficiency effects and i
i specitiod oy Follows:

N TR
Vo= fhy+ 5 Ry 4 33 B+
] o, ]

Ll o
Fler + T Aanady + 3 a0y {10a)
ni=1 il
[
T E-ﬂlﬂlﬂ T Fa Iy
=
o
= ho 3 Ak 4, [ 1|
-l

where voix onl gross cutpat med wr b5 dnpans such ok
capifil, labear, inpul malerial asd energy. All palpanl and
impuis are m nalural legarihm and all express in devation
Frum their poemesric mems, " § b time ireosd vasiable. & ik
i vector of excpenoay varidhles, cuch ox dummy vagsiahle of
foocign ommership, merscting forcipn ownership dummy
varighle with Foreign equity shore, howizomd  spillover
wilhin  imclusiry, [orwasd spillever. bhackwand  spillover,
absarplive cipucry, inferacting ahsorplive viriahle with
FDI =pilbover varmbles, impset andd export istensaty, dogree
of mirkel coscentratiom omif size of fome AR vanahles ane
morg firoaghly descnbed in Sedion 3 aml M s indusiniol
dumay variphles und the conrod growp §s dummy . i,
and & e infercepls of the production function  and
inefliciency wncton @ amd s e parameens o b
outimaled, Sohscnipt © imclicates the icth fm, swhsoripl ¢

T The clasatistion of dudris tEy vansbles Wil he Broaal s
ihr Indeaeaan arsment Coordeoiing Hoasd classshoatinons and il s
prl.rl-'ld-ﬂd m the dppendin Tahle ]

For example given the geamewic men o ¥, b= T, he
trasstormad datm dor ouiped irel e 6o fimm 4 omd @me ¢
obizned a5 v = di¥a) - Wi ¥l

@ ﬁpr.hgtr

represenis the -1 veir lor cach Am, v, 15 he seshasie
e bermn, 1wy @ the wehmicel inefhciency and ey, is an omor
lermm i ineficency egquaban

Virious sobeimodels of (e wranshog will be ested onder &
namder of null hypodeses, given the specihcation of the
tmnelog mdel in By (M0al. A mill hypoethesis of ihe
imberasting pEramecrs of mpmn with time cgual o 2o (i
=100 = for a Hicks neutral tectmuological progries, Similoly,
o null hypothesis of time paramerers squal 1o e (4 =40,
=, =1k & for no technalogy progress in e fonces. A
null hypodhesis of the inleacting paameters of time snd
imput egual o zem (fy=0,= 0, =10 s W e wheler
Citdh-Dioaiglas. fronier preduchion fimston s appropriate,
A null By pothesis of the parameters of ineffcency fimeton
el iy 2o (p=8p=a =101 e for o mo-ineffciency
effect. y s o perameter nssocated with varience of ineffi-
ciency effect, u, IE pis 2eny ihe medel reduces 1o a frae
ibinonal mesn esponse funcrion in whoch he exogemomus
wamibles in the meffckscy mosde] can be directly oaly
imchiled into the production fromlier,

The pescralized |ep-likelihool st s performeal G
choowe the correel dochastic prodiction  frontier. The
tmnshog production function mixdel is used s a base foom,
] fouralcmative models ore ested ogoninst the manskog
midel. For performing lesix of the relevant nall hypuotheses,
the penerdized Bhkebhood mtio satdic d==2IH5-!
(H] I emploged, where [H ) b Ghe loe-Tikelibood value
of fhe rearicied froner model sl (0H) e the Topg-
likelihoo] valke of the mmslog msdel. 15 the mull by pothe
cui s tnoe, the fet sntedlc has approxmmely o f dlis-
Iritubion with degrees of freedom egual o the aamber of
parameters involved i the resinctions, The s sidistic
under the null hyvpothess of no-ingfciency effects has
approcimaiely 3 mixed ¢ distibution,

The estimaned coedlicients of the peoduction functions in
Eq. ¢ 10510 cam nisd he dimectly indepoeted econmmicaliy, bl
we Gim retmeve for cioulabng output elasbaly with
respecis wooeadh Inpak. 1t i cideolded as follows:

roe :-;:, =t 'I;-E EJT.“HJI" + {4

i11)

for each impur ol each s poinl. Furher, the sanidard
raturn e sale clashicigy is calouluicn o follows;

M

=
kY= E LT

(12

This study ako applies the Allen partial elasgiciy of aib-
atilnthon betwesn two dnpeds inoan n-foctorns producson vestem
whach ariginally mirduced by Allens aml Hicks § 19340 1n is
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Fosmuiated in the Toloawing wiy

i
oy N (3]

= kg F
whene f, & find onder pantial dervative (={Evi oo F is
the determinant of il bordenal Hessian maris ond F, 1=
gofidor okl with fe m F

Fra w gpusi-concave  procduction funetinn in the roen
inputs cose, the elasticity of substindion (e, les o be
pesitive. Thiv implies thal fwo focdlore aee gways abe
silubes. Since the dsocuand is conves, the atio of inputs
L b devrcasss bl he the daninishigg morginad joe of
lechmical sobstifoton (the mig of L0 nereses, There
frae, # iy posilive becanse the rafio of inpois and fhe
mirginal rate of technical sobtiption move (D opposine
rectim.

O the otber band, the &, m o mulli-mpaots case has
roceivee o preal deal of aHentien, Hesco, 3t is oseful 1o
fiscuss Amher it property. In Chambers (F98R), the Eg
(1} can express s Tobhows:

jfr'";.. = !l"_E"_"' where K, = _‘ﬁ"_ " Ill.lll
KaF i
¥ 18
Kamia =— 3 fifue =11 i(15]
2 Ko = LF 2

where Eqp, (180 is exended from the firs row (eolumng of
the borderad Hesdan consastieg of magginal product by o
st of Alien cofEcior Therelare,
SoFu
XaF

Kot = — Z-Kllﬂ'u = i)

(L]
i the prodacton fanguon s concave, the principal
mimars of boedered Hessian will interchange in wigine Thix
means thet F_F is negstive. Since [, ls positive, 4, i
negadive. This, ¥ o w B = 1L b conchdes ghal al least
T2 iy WL b possilive. Am inpud canned be a complement
four ull Giher inpsis in emes of Alken messare. Therefore, the
elasticity of substipatan in the mone han wo oS cases
cun be positive o negative. There will be complemenes i
5 o2 Ch ond sobstimtes i & = (0L
Bomeover, Oosn (X2 and Coelli e al (3 nede that
latul fackr productivity [TFF) gowth an be decomposed
inin three componenis: sechaologleal dhange (TCh techni-
col efciency cheamge TEC) and scale efficlessy change
ISECE TC is technoéogionl change which the shafi in the
lechnology fromier betwess the mao penmds,. TEC s
movement §o fthe lechnology fromdier or getting closer 1o the
fromdier, as catch up. SEC 15 as o compisent af produclividy
clunge lor captuning economies of scale. SEC 18 appropriabe
Foa pnsliseess sk varkable refui i seele (YRS
TC can be calbwlmed direaly from de estimoted]  pora-
mesers in B, (1001, 1 is hosed on she coeflicient of time,

fime squared. ad e iMeractons of dme with e gus,
However, this TC may vary for Efferonl mpd vecton if
lechmologicnl change is nen-newmsl, T, - mensuse
rejiires coeulating the pamizl deivative with respect s
timee il eoch daln poant. For finm 1 in penod § this is:

[y

'.-T; _J:rr —||'.=|r|‘ _#nrw"' (17

i
thes, TC4 -  @an he defined by:

T, —n.::'[{?ﬁ‘.;:\.l j ; {‘-:;J"” w100 {18

.

Given the estimation in By, fu), TEC, - of fiom
betweea time penods |and =1 5 then defined as:

TECa0 = M TE S FE ) = LML {19
whese [m{TESTE.) &5 the natuml logasigm of lechnical
efliciency of fmm ¢ al the period & over tchnical efBciency
o e peiod -1,

Tl Lt fenm peguised in calvulaiog TFF growih is SEC,
It regumires the calvoluion of production elesneiny for sach
impat a0 ench dags poit, sach as Eqge, o0 Thond (12 ond we
cim construct the axle faciem ax olows:
5Fe = [Bpe — L) e (1
ot cach dom podnt. SEC o between period ¢ amd 4-1 s
piven by the simamition of the avepe of the seale fncios
for the i-th A bween the wo pencds molbphied by the
change in the respective inpal osage amd il can be
foammilabed bs follins

N
Sy -+ SF g g — ) 100

ool

KET,, | =

Pl =

(a1

Finally, the TFF chinge ar growth for each fim between
angy Iwe time peniods & the somaeation of TEC, . SEC, -
el Ty, -y Thesglore, the TFP growsh can b defined ns
Tolkrwes:

TEFp - = .II:EI-."' |+ SECap + Tf..n.-_l i T2

wheme TFFPp, —y 1s the TFF growih betwesn penod ¢ ond
=1, for the r-th fm.

i opder g R 1he moal impamm D con et of wal
Fuctr productivily prewlh m explaiming owtpul prowth, a
ion pnmenic kernel densny will b2 considensd 1 esimate
thie distribution of the prodacivity component, We parlonm
a nom-paramekic sl of the doseness of two disisibutions
bazend tm Li f 1'9%0) ol adapled o efciency scom as well
s eaphore ther perfornmancs in lkmns of the s and g
of the testin varioes Mot Carln experiments as spggesied

by Sinnar aad Zelesyul (20067, T is imnpoant s adipr e

LY

Wo wimld ke oo thank in 3 moviewer #2 dor this (dea w perform a

mon-peremeins kel of the dioseness of men disinhisoms.

£ Springer
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L [ 15eg ﬂﬂmmmn He he CasE OF Sinchaaic Trontics
gtimation, moaning modam srros must be m chanee in the
prowily decomgesition. To d@n s, we olilize SFA which
allows disentangling inefficieney from: modony enmm anid
iclentifying the dnving Gelors which expliin TFP gromdh,

T investipate the statistically mlevani compangnis in the
il bccomipusition, we comguere their relovast cmginical
distribugions, smotdhed oml Grough o kemel adtimator, and
perform the non-parameimic tesis of dlessness as developed
b Addellis eq al. (20017 for SFA. T-Saietic for seating e
distribution of the poductivity componenis is consrocied
in the follkwing way:

AL

&
whire N s the mimbss of sample, & s the smoosthing
parametier, {is the inlegraded squane ermor mednc which s
the sccepecsd mezamn of ghobol closeness berween the twe
isirthutions anc o is the estimted vanoace. This T-aonistic
i s peympindically dismriboted a= 3 sendand npeemal M=
0k A, thesraiiand gonwal kernel dismbation which is
propuecd by Fan and Ulkh (1999 mmd Kumar and Rosas]l
(T bs fllows;

T— (23]

Kix)= (4]

7—*- T
s

Lat ok amd gixd b iwo undmcs i density which describe
P diTerenl diseribgions.. We ase imioncsicd W 1cs ol
hypothesis My 8 = gle) againe the ahemmtive B fzsico
Al Jis defined s

F= [|fie] — gled e = JT200 4+ 22 ) — x|y

= | E e+ gy — Jpia)dFia)
(25)

The measure § hos o falfill ke following propemes for
testingg our nell hypethesis: Fa itk and the squality halds if

amt onky i fix) = pixk And then, fand & can be dxtimied as
HUITEER
t=sh3; [“L )+ KR — k) - ki)
=L |
(26)
- i ol . Bt T — T
£ J.-W,-_’?r?"—,-;’—I-l"f'{—'—:I X[ - ()
1275

Mogeover, the outpisl prowdl mme (v, ) s decoiigues] fiio
the contnbutsion dee s weighesd inpar growdh () snd TFP

groawth (TEPS, whens inpail is dhe sommation of copal,

@ ﬁpr.hgtr

labezair, miieriol amd energy (c=A+ I+ m+@) By comgur-
img of keraie] distribudion of oulpus growdh ond impal growedh
theaigh iesging #hee null hypaihesis By b=pin,), we
coaikl anslyee whether oetpan growth distribaten con be
exphaned by mpat growth. When the £, is meected, then
skl e conchided that toizl Tctor productivily vanations
sipnificamdly exploin the vinstians of the esigsi prowth
diwribution. In adklition, %W evaluate the contribuiion of
impid grosth on the vanation of aoipol growth, we s e
mall hypothesie M b= pOTF® L When the My, & rejected,
thes it comdd be ooncluded 1had mpad prowth can be sig
mibcuntly souaces of the changes in ouput growwih s
mibubion. As mongion befre, TH' powth is decomposoed
imtn three components of prechictvity, To asess which the
mixa imgronan component inexploining the variaions in
the TPF growh distribation, we consider thres hypotheses,
witch ax Hu:ﬁ}'.:l=g[TE:l. A iy ) =@l TEC) amd H;.:_.I'[_v:::l
=gISEC), When we eject the £, then the component o
pracludiivity hac a significanl mobe in explaming the TFP
premaih

5 Emjirical resulis

50 The FDF spillover effects om the firms” productivily
perfvrmmne s

Buead on de methoadology tleat has beeiy discuazad in Sect,
A, we cn constmc sy alerative models of the stochasaic
producion froetier with inefficiency effect, ¥ The AccuTacy
il FI¥ spillover estimites regeines an apanpnate fundional
Fram af stechasie productics fonier, Te find a0 appro-
priate fumcrional fmm thil repeesens the dati, vimous sub-
mudels ol the ransliog are ested against o =ndag madel
using genendized lkelibood mibin (LR statistic west. The
results of null hypotheses ests of vanons sobemidels o the
tmnslor agaansd inmslog medz] are reported i Table 4.
The eotimuted reaulis of the sochastic prodoction fronlies
with inefficieney effects an Eog, (1) and (h) could be
ibiviibe ingo three pans; the estimaled coefAcients of inpuats
on the production filmctien, the sotimsted cosfficients of
FOH spallover an produchca Eoclion and  incfhciency
functiva. Moreorver, dhe pafticalar intered of this study s on
the extimaied FIN coefficients of the prodocnica function
und inefMdency Function, Henoe, we anplyae inigialy e
FI¥ smlover effecis on the fimes’ prodwctivity end effi
vieney, then we ssalyees the coeffidens of de prodocion
lunctiva  [Brough evaluating  the ouspul  clasticily  with
respect 0 éach inpul s well as elasficity of sahstitzn
begween capital aed bboar, The nesulis of FO spillover

" Mcdel | m Model 3 e cssmaiel rong mererisl inpal criera §,

while Meloded & s Miosdel 6 e emeatod using maern! Bof crilema 7
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Toblde d Flypotieses wesmg of varsos midels of momsiug

Wirioss stoukels ol lesslig Hok-icumil Mo Todh progees  CobbsDosg s Mooy offet  Cosuludon:
(il =4 fdl =y I = | %) i =13]j
i, =1 A=f=f,=0 =i, =0,=0 redy=d=il
Pl 1 —aa 57 MM K 29,5017 pLER T High-Meiaird
Blloded 2 —13934HI 541 F04nl & 10T Hiki-Meiatrad
PMeloeded 1 FATLus = AW UTI.52 5K, 56,55 136605 Mnmch pmprs
Peloaded 4 15160 23LKT 23, 18T HHLET Translog
Mokl 57 =14kl -1 13.54 29,2 T IRIETI Hidk-Newral! Mo Tecl progrees
Flmicd & aiuiid fih RS 2 AiFiAn IAZT Tiunislisg
Criticnl vado of 375 2 @=1y 132K Ia.El HLEE a7

* Fur Mhoded 5, we Turiher comduct sty for bacdk-ocsinl agasst mo- icchnoog il progeess. Sance the LR sstadac ok (o716 grosser Banihe
critcel valus :d'f o e B (=t 20, we oo thal hick-neideed b wesd dor-esimaimg Model 5.

¥ g ot i wuiiess od M14 = | % (Tids ceilicsd vl @6 milen (o Table | off Kodde sad Paim (193411

elfecs vmthe firne" prxductiviny ae repored in Table 5 and
o the fimms’ efficiency ame presented in Table 6. And, the
resulis of the esamaled coelfBcients of inputs on prodaction
functions e provided in Appendis Table 12,

Wie stan by focosing oo all the dumsmdes FO8 Iy pro-
tbnctiom - funclions [im Table 5 They commy mther farge,
stitistically significont cocffdents, suggesiing that foecign
peishlahmeni= have comparahle high kvels of productivigy
Hewever, the coellicients of the dummy FO8 in the nef-
ficienoy functions (in Table &) ore positive and saibstcally
sipmificant. These positive sipns indicabes that foscign firms
ure e efficiend than domestic firmes, keeping other vagi-
ithles constami.

By evalming the inleractimg foreign share wilth the
dmany FOR in production finciions, the degree of loreigi
cuneslip in establishunents seem o have negative and
signdficani effect on priluctivty, except Cor Model |oand 4.
These pesulis show' that moresies the degree of foeeign
menership negatively affect fmm’ prodectivilty, Thes neg-
tive spillover, such 25 markel stealing effect couses Ioecign
firms forcing lecal firms (o cut thelr production, Om the
caher hand, e cstimated intéracting dumpmn vanatles with
Foeciga eguity in he inellicency lencions have g mive
wigns end stnistically sgnificons, exvespl for Mode] 4. Thas
escribes 1hat increiwing shase of Brcign equity asocised
wilh reducng ineflicency.

Mo impomant for the purpose of this siady, dhe pre-
sedce af iMra-indusiry and Eier-indfusary spillovens e
nilidresaed, The posmive and significont coeffeiont on the
H5pdi in Table S sugpesss thar firm's auspus inceeases when
the share of cubpul of forSge fion wathin the ame market
rises. This siudy Gmubs evidence of horizontl spilkivers
from foreign firms w domestic fmes, which i consisient
willh our previoos cmpiricul siudiss o il Tidoibssiaik
memduciuring seoor which use g comventiog] appoach of
prihictica Amction (Blelock mad Gemler 20616:; Siivholm

1999 The negative signs ol M50 and saisically dif-
forend from sero appear o all models in Table 6, Thes:
imdicate thal the competibve eflfocts of foreign fimme do
reclnee e inelficiency of domesis: firms thoouph the same
muiket. Indigencas estublishiments vy be dble o reduce
Imowvabom costs by ohserving and imitating the foredign
imvesicd Companies

T exmmine vertica! spillovers om the fimme procluctivity
performmance, we deliberate oo all the modiels in Tahle 5 0s
wirl a5 Table & The coefhiclente of BEpill and FSpil! i all
micsdeds in Tabks § ond & have the similar signs aed sig-
mificincies, escepi @ S308 coefficient in Model 1 in
Tahle 6.'"" The negative md stsicelly significant BSpill
viflicienls scem o appear n ol models of prckicion
functicas (see Tabls 51 The negotive productivity spillovers
in the upsreans msarkess may oppesr i1 the inenediae
impuss prischuced by local suppliers are mot usal miessively
by forcgn affillates, They may impont their intemmedione
impets. Therefore, the negative hackward produchivity il
lovers arise @ the spstream madkets. In aciition, (he
negative hackwand spillovers couwld wrse when foreign
coampinies [ave preper barpmning power than locil com-
pramies, “Thas condicon may lead o miavounng comracul
ngreemends towends ool emeprises snd may squesze their
prafit. Hence, the prodectvity of bocal supplies will
erease. Bul, the coefficems of 85l iz incfoency
functioas, except & coefficient in Model 1 (see Table Gap
e eEaive signs  uid stadiszieally difress froma =0,
These may indicoe thot the peesence of foreign finns

™ A mentien n ool 3 ihis sbaly consida sz =0 bz ol
viar XA instesd of vear M0 dor caloalaimg ieeer-mdEiny Inkopes
[ peoe v AW o) year of AWM and the sshmaled cooflicemss of
ENgl, FSpill and ther interacr with eheoaplive capaciny efe almes
simitr wilh dw reasls peing -0 e of vear 2000 Uskorfmatedy,
wy dov oot pepuart these reailis in Tahles 5 amd &
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Sundad ermes ane in pasmtieses The cmann oo Soienns o Moded § o Model 5 e using maess input oninens | end b Sodel 4 oo Mol &

e usleg neteriad inpoi criieria 2

® genodes signiloaince o | T " deones slpealloance al 5%, P05 denonss sl oemos a0 [09F

meera e posiiive spillovers on firma s sechiicl effcency in
the upstreun dedustrics,

Chn the other hand, the cosficiens of S5l e prodie-
Loy amdl inefficiency fnecboes are positive and dalisboally
difzrent from sne se Toble 52 2nd bl These finding
indicate i the linkoges of foesips finms 1o Sownsirean
Iniluatrics gevide techmokizaal 2aine W deineslic boyeis.
Snlex of theses inpois by MNCS may be gecomguonied by
provigion of complementary sevices fa ooy nod be

'ﬂ Sprager

availleble (8 commecion wih imgans. Foanign Ams. e
ncemtives o nngrove domestic fom's productiviry throagh
input cost redoetion end quality improvement in setam,
which then lesd o proghociivity benelits, However, the
pasitive sign in ineliciency lumctions inclicate that the
presences of lerelgn s generde megobive spillovers on
fim's sechnical efMciency in e downstissn ndisries
Evew thosugh the inser-industry spillovers doonot entirely
erfance fimms’ prabactivity performance, the peesence of
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Fodeigm ulmilaee 5 S0 o poeam il i sounee g irom ol
sopplivrs and 10 serve the domestie demands, I general,
these findimgs might mol provide srasphafaraand sappon foe
pilicies promsting FOX in the Indonesian monufamusing
indusiry. Pobcy makers might ot leas need o consdder
whether @ incoming FDI is imiended o benehl the Jocual
supplicrs or fu sorve the lecsl buyers, In sises whene there is
potential for moltinasionals o deal masket from domedic
firme, policy makers should of leasa, at the minimm ensure
thit the mepasive FOL spilkovers on domestie fioms dao ol
oulweigh the overall benelits of the FIX.

The why cocfhcems have poative signs and stalisbcally
fiflerent fram zam in productien and inefliciemy fsncions
Thix sarggels that o larger ghare of skilled workers increases
firma" productiviey, bal decreises s’ efficieney, The
coefficienis of nseracting whe® B8R varakles in prodie-
Lo functions are mepative amd siadishcally  agrificant,
excep in Model | oand Model And in indficiency func
tons, they are postive and stalisticlly SpmiBom. Thes:
finfing shorw thal lechnology spallover from FIN in the
saptne mawrkeis are smaller with higher lewel of Liboar goal-
iy, All coefficiens of interacting afs* 8BSl vagsinbles in the
procluctica nctions have negative agns il stnisoclly
different from sero, Thiv means the degree of ahsoaptive
capacity of ssppliers have negative impoct on fioms pre
tnctivity. Flowever, the negasive and statisically significant
cocffickenis in inefficiency fusctions show that the degres of
absarptive copucin of the supplicrs have positive linpaet o
redocing ineficiency. Moreover, the imeracting coefliciems
uf wha®* Fipdi i productions hive positive signs anid da
Listicilly dafferend from mene. This shows the greater abality
iof the buyers o idensify. nssimilse and exploit knowladge
spillovess s the prealer impact on ineresing productivisy,
Heavever in the inefficiency functions, the eimaied coef-
ficicnes of whe*F Sl hove posityve ond stassooally difter
end from rem, excopd in Mode] 40 This indicabes that the
greiber deeree of ahsastive capanty of the buyer have less
impact on edocing sefficiency,

Examiring the remaiming regressons, (e openiess ooef-
ficients semn W be posive and soaidically signifcant both
im peaduction ond inefficency functions. The positive signs
in production functions show that the greater impont and
exprt aclivities asociate] with greater eflecl on inmeasing
productiviy. Highes impon and expont activities moy ke a
signcan! chanme ol recedving wehnology spiliover wiich
rises finns' prodectiviy. However, the posiiive signs div
inefficiency functaons indicole shes higher impea and expon
activilies Jead 1o higger inefliciency. The coellicient of 8T
are pesitive ond stalstically significant in predoction and
imefticiency funcuons. n the productien fanction, she high
conesinion wmoig fres i the lskenesian monuGaaiging
indusiry incresse: the Ann's productvige. 1t may be throogh
techmologicnl progress and scale effidency. A higher value

‘a Sprnger

Bl HHT indicaies greses concenimiion of siles smdng
preslucers, Even though highor comeotmtion of the fimme
imrenses e prodductivity, i ir assectiled witls Freaies
inefficiency, This & sbown by the positive sign and sttis-
bcally sgmifcad coefficent of AT in the incfBcency
functive. The oowefficient of F3fze 1x alwo poglive and s
Imlally Aignifcast both om prabucion and  inclRcicney
fumctiva=, This finding may nol be a sorprise; bigger fimms
e likely o possess modern fechnolopy and  copatal
eyuipment companed fo smaller Ames dog 1o echaalogy
diffusiom. Fowever, e positive coeflicient of controdimyg
wvamahle in the mefBoency funciion indicales thal bagger
firms el ned have hipher afficiency,

Fariher, the edimated coeflicionts of mpats on e pro-
duction fusctions in Bg. (1000 are eporied n Appendiy
Tabte 12 They can mal be direcaly ingapreted sconcanically,
bl we cam netrieve them for coloolating output ehdicity
with respect 1o eady isput Based an the discusson abaove,
we choowe cnly hodel & for caloulnting the oetpa ehsticity
wilh respect to each input. 18 examines how meach culgsil
will increase when the level of inpu inmenses. These
measirss are compated @ the mess valoe of the entise
sample and each indusry clos ficatica over the ohservabon
premioad 2005=2{HF o disployed o Table 7. By comparmg
the elasticity of vatpan with respecl o capital deg) labour
{esh. material {e,, b and enerpy e, 2omess dcdusdry, it is nojed
thie outpus is driven more by madenial than by capial,
laboair ar enegpy, Smudies on prodoctiviey in Tndeossiong
mmficiring inclustnies by Ikhsan (2007wl Soyamto
(200000 abso shiow 1t the carput elsocity of materiol inpus
has the highesa elistcity coeficienl. The wolal elaseily degd
poreas (mdusiry saows srousd] one. eshibming conssni
returms o scale. Por moare detail resules, we also dstinguish
theser elistisibies sorws industries o three suh-pericds of
time using box plots ane peovided in Appendis Figs 3a-h.
The results alen describe that 21l msputs are driven mire by
migeTial than the cther inguts.

An mennonzsd before ihat the elasticiiy of sabstimibon
begwce capital ascl labonr in this swody is measaned by
Allen panial elosdoty of whstinetion. It measuns e
response of derived inpot demasd o o price chasge of
unceher mpudt, holding oegpul. and all other inpal prices
comslanl. The larger the magnitude of the sahstitulzon
elnstiziy, e higher the degres of substimiahility {iF g, = 0}
o coinplementini 1y (U ey 0) Belwesn e wo ispurs, The
result of substition elsicity between capital and laboue is
isplayed i Tahle T, We fnd dat 102, T¥5, [¥i, 117, DA, D00
ind DT hinve sabstibition efasticity hetweon capital and
labouir greiter than e dm, > 0, meaning et pial is a
saibssitnie for kabsowr, On the odwer hond, 00, D4, 195 md 08
leive subsbbalion lasticay beiwveon capitel and lebogr lss
thos  zevy o, < OF showing that copital is o come
plementarnly with laboar, And, the elesticay of sbstinnn




betwesy foreign amd domestic firms across industry and in
the theee perimis of fime.

The resuls of null hypothees ests of compering the
kerne] clisiriftiom of cotpal groath againsd mpad goovi® as
well a5 TFP gmowth and ity componenls ae reponed in
Tabsle &, We compare the T-sintistic snd the enitical value of
T far fercign and local fimns since F-smisie vakie is
greaper ghan s criical value, we can ejec the nudl
hypothesis. All noll By pothessss of coiput growth dietbs-
Lo fiv, ) apminsl inpal growth G ane rejedied. Thes:
cieclude that TFP vanabxons of foreign end demestic firms
sipmificanily comiribuie for explaining eutpal growth var-
latoms. Al null hypotbeses of v )=NFF) me also
rejociod. Thess are possibde woe infer that inpul growsh of
frecign and locol Gems con significantly influesce the
changes im oulpl growtd distribarticn,

Fusthemmoee, the meporance of TEC, SEC and TC in
capluining the variations in ithe TP grewih distribution is
evuluoial By lestiing wheiler ihe oulput groew s disrs=iion
Is eguad o the dismibutios of the component of peoductiviny
prowih, As the realts show,  the Tsiaisic of ool

1 Pocall Anal (2006} 25 198151 u7
Tade T Slanpuity bl i Elesway of  Eustciy of  Elsgiciy of - Elstizity of - Taid Edamszity ol
eluroily of ubiioiion BrER  canen  opiis frd lboer co)  muerisl (e esergyie,]  Awmiolly  subsiiiviion
pericads af HHI-2000 irsl lewg
&l M7 nazm {1,742 e LAHE i1 20
o2 {LiH 254 1.713 i o 134
[ LI 11230 1736 REES [RLLI GadHI
[ {LIHIE 144 1,715 naeg am =LiI%
0% AHHI7 1121, 1L Gied L —TEE
[y (LIHH; il 1ed .81 . LIHEI 0 Hy
o7 T iL20) 1. 758 (R 0 Gl
1 i i34 11 il il e ~10|
(i AUHIT 1120 0772 RITE: LMK REET
(aB 1] ALHIY i3 11744 (EHTTEY LIHEI (T
ol 0HI7 il 0,795 CREIITY R (43
(1] 1 IHH wagu 0,757 (I [ERIIET] =iz
Al finns T n13 11,743 [RTITE R -2 134
g is glspciiy of snheauiem bgwesn qipiie and kboar
betoveen cagrisal imd lboor for all fimos on average v less Table 8 Hypotheses sesting of mutpui grwih
MR el o LS Pl by pothescs T-Sutiste
5.2 The tutad Factor productivity (TFP) growth and it rorarin: IKippde -
compoaent vl =g, d Hi} M
My = o TET A THT
We initially sest the relative important componest of TRP g, (o wrees a7 20
oyl in affecting e ouiput growth by examining the )= G5O jois ROST
disirfution of eapus groovth againe input and TFP groseth forgl= gy S B
it wedl us agaimsd the componends of TFP growsh. Axd then, R e AT aa
g urealignie (e pverape TEP growih snd s sompeoets o lus o puwte: 2 215

Crincal Walig of 7 s cobulmed sy & boolmep proveduse. e
apph a Bonpdrep rocedoen - sppemsmmats e ke - dedrd bon
ey e mull hypoess of ) =gize B reperits of oo
standand somaly deiinbdred rendom valibled e gomeratel wah
sampde e 200 ) D00, 2500 SN0, 4ES| ared 47,379, We gvaloie
Perioesnce for B fallowing coddiilen EErval ol 90 95 TS md
U The sl ation sesulis show sl the e o the seeple slee,
the difference Baveen the simulaosd realis el the siasdand sormal
i basnn dimirsh. This comdme ctha esisg o bootsinap procedurs &

Eppropeiale

hypoiieats of My d=TECL AV d=N5EC) mud A=/
(7] for baoth whinaional s domestic fimns s lughey
them dheir crtical values, meanang ol bl hypothesss con
clearly be rejected. This indicales thal all componends of
precuciivity have o significant mole in explaming TFP
grovth for car samgple of all monudanunng firms

Tlee averoge ol aind lagon groweh ok well & TR
gramth and its components wre repesied in Tables 9 and 10,
I the period =005, T#1 | for foreign fines had kighesi
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W and iy v o e svormge of simusd eeic in e sipc

matpeal growd (2090 % b anad mpun growth (66T %0 thon
other mdssires, while DI for Fomcign firms Bad highes
negative oulpul growld -9 R and  input growith
i—HL61 % than other indusiry . Om average, the caapan of
buthy Fomeign o dommestic IMURINIES prew o overage ral of
10 aned 1.549% and input grew o aserage one of 1556 and
o 16 6%, I the period J006- 30T, wll indoseres: bad positive
paftpal grow th rate, exncept D for foreign firms, and all local
indusiries had pesibive inpul growthe DD for foreign finms
had haghesa owtpoi and mpat geowth, mixdning SO0% and
17795 respectively, Boweves D4 was e only sdusary thial
heull o peepative oubput growth {—d. 1008, O avensges oaipal
and inpat grew or L2383 and 2463 % for foredgne fioms and
al 2.7 amd $6.25 % for local fimms 1o period 2{08-2009,
many inglnsnes declined ino zegative walues of outpal
ad dnpaii grosah, The oaipan grewdh o mnped  from
=49, 3% 10 1755 F, while the inpus growih rese roged doo
=11 24 A0 11 4%, On everage fion bodh foreipn aed loeol
indusiry had segmive caipal and inpe @rowth, For fercign
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caablishments, tle overge ougpul s ingut growd wos
=153} anad =53.29% imd for bocal fivms was =507 imd
=50l %.

In Table 1 in ihe firsi and secoml pericds of observa-
teit, st of (e TEP of domestic industries grow posi-
tvely. On e conrary, in the thixl pedodiod sudy all
foeeign indusides hove negmive TFP gmwdh, swoepa for
DL Im pencd 2004-2000, an avernge TFF of forcigs fimns
il ol o (L0095 and domestic fimms grew negatively
(=0 %), And in the period JHG-2007, o0 average the
TFF gl o demesiic Arms show a fdgher value -t e
foweign firs, The TFP growih for dossesric Broey increased
o A5 5% bat for Forelgn firme. deereased dnio & negative
vahe (=0U12 %), In the period MHIB—-XHA, ghe TFP growth
ol mns meEnufcionng indusires detenivmted inlo negative
vabies, on avernge the TEPF prowih of domestic finns
ol o —1.21 % aml for fopcign companiss sharply
eclined Ao =408 . Moveover, on overage TEP groswal o
domesiic firms wis il greaer than fansign frme. 0 can b
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Wowe TEC. TO.SEC. THEg wee ssthmanc averngs of il me B percenisge

waac] that pwer the perod of ghe study. even thomgh fromm thee
resull of 2 non-pammelric lest of ge clozeness of wo dis
irihusions baoih ingal snd TFP giowih sgnificomly influsnce
the charges in cutpat grow th. the comtribution of TRP
oyl 0 fhe outp growih mie seems 1o be lower than
input growil

Looking i coach of the component of TEI" growth, in the
periond 200420015, the ivermge TEC of foasige asd local
firms wos almass similon, shightdly more thon 006% The
average SEC shows thin foreign establishments did nat
change mwoch during thot penicd, while the domestic finng
had 0 nepative agnitode (=000 %), The svemge TC fior
boithe fonzign amd local firns was asound 03 % and for all
indusiries indicale had pesitive small change in TC, Thas
indicares il all indusmies experience technological pro-
prees, B dwe peiiod 20002007, e averoge vaue of TEC
for muoltisations] Gmns decrensed o o neguive velue
(=012 % bat fra bocad firsms sal] fad 3 poeisive valie 0 62 %)

The averiges SEC Tor hosh foreagn amd local frms <lightly
ineasd o 0K and U % respectvely. However, the
woerages TC for both fordgn and |ocal frms hod nepative
inamifudess E =104 and —Ch 19 %ed and all dosmestie indastnes
sty 1o have lechoological regress. The negalive magniide
of ovemge TEC for malinstional companies aill smenged
e the lisl period of the stody, even Linger reachang =852 %,
For domeslic companes, the average TEC dso tumes to a
negative valwe (—L48 %) The avemge SEC for foreign
AmmE - increased o W %, while domesne ssmbliskmeims
tarmed s megative vadue (=001 %)L Funbennae, he
negabive magnitudss af TC do not ondy appear onall leal
indusizies but dso on all foreign affilistes This reveals thin
all  mamuficimng  dndusines expenence lechnological
regrese The merage TC for foreigm firms was —057 % and
o Tl Tlame wis —0.73 %

The reselt theough investigoting TC s Tablke 1) showe
thie sinee fie second period of chservation, fechialogizal
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TEEMEss BEEma 0 dppoar in ol indigesaus indusmes. And i
the hisl peried of e sudy, all forcign imdusines also
experienee techiodogical represe One renson why there i
tehmolapical regress |5 mest of maselfacamng finms i
Indoinesin use old machine for their prochichion processes
umd umforuncgely they do nit opgracde their mchinery
repulinly, Cost (o landks their ol maching ane choaper
than if they have to buy or mpod the new ones and with
this condivion operading sheir production are sull predinghle

Another meason (o amdlerstanding  this  technslegical
regress B I mecogmize how the process of Enowledoe is
Iransmifled o ghe nexl generation in developed and devel
oping sounines. Techmulogseal knewledpge im0 mendorm
world & comeeived i o stock which may stugnate but never
shrinks, And, it s aleg chamcienzed by & ka of R&Dr
activities, Criving incentives i invest in the RED will affeci
the techonbogical knowlsdge, Hence. old echnigues ane
ilways rediscovensd and new lechoigues are alsoinvemed
in o developed conntry. However, it seemes o be different in
i developing coambry s=ach as Indonesia which commuondy
ha llitle demestic souwces of new iechoolopy sd few
groap andertake limle B&D. The rechnological knowledge
in this eomomy mostly embodies in homn beings and
dynomcally mansmiatted seross generations in onder o b
preseryved in society. When there is an mperfect tensfer of
kmowledge 10 next generation, il will stimubde the neglect
of pechniques whoch rendered e temporanty unbeneficial
Then, these wchaigoes could pod B mansmined o e
peneraons and wonlid Be Jow, This seems resconable s
ivererd that the knonvledpe lod ontweaghed the knowledge
pained, so the average technekgical sieck declined wver
peeriond. The siock of wechnolegy woald ot insenily e
ta ins former see Therefome. this apens an opgorniny of
lechnologicl regress

Funhennoe, invesaments in R&ED aodvities o Indone-
stim have always been very small. Aceonfmg to the YWord
Develnpment Indicators, wnce JHE (o 2004, wolal RE&Dy
eapendimue o GOF hos pevir exceeded 0. percem. Mosi
of R0 sctivities have been dose by a magor govemisen
ngency; Inbonesion Iestite of Sciences (LIPTL Local finms
lewinr never condocted any. Signifoenl ComaTamee o invest
in Bl nctivities. Moreover, MNCS do miot regand thal the
coumlry dy sunlzble o ode RED achiviges, because of the
limaied  peoteciion of inecllemes propeny riphis and the
absence of my sgndicant pablic support tor K&D aoiv-
ities, To avodd farther iechiological regeess, she Inedomexinm
government has o priomize by choosing which scomomic
palicy is o strengihen ichnological prmgres. In the shar
rum, e govemment can provide a solt oedil for enterpnses
thet purchase new machanery, regalady taciliiate mochinery
upeimling by reglaciye  obd mEchinery  wiil s
mechinery thet wouwld be more productive or give imgar
duity exciEption for the mpon of copital gesds In e oo

‘a Sprnger

rm, e pevernmem shoakd increnss the mtio of Rd&ld
eapensitore b GO, provide intellocteal property rights nd
bl sapgeon for BRE&ED acnivities

6 Conchusion

This poper examines she FDI varables v Inconesion
mislaciuning. usirg finn level panel dara over dlse persad
JON3-20000 el invesaigates fae sl iPONmL component
ol fotal facor prfoctivity growth in explaining culpal
gronadh. The empincal resulis demonsérate that forsign fimns
wchiowe hagher prosfuctivity bot ke officend thas domedic
fims. The highor degree of forcign ownership kads o
increase fimns” efficiency bai decrease firma paeglustvity,
Thers may be & marked siealiag effec wiich cmscee plti-
natonal fimms o fonce local fBmns o ool their production.

The pimitive hodzongal spillover efTeos on the (s’
procdudivity  and  effciency andicate  that inir-indestry
spilovers effects foon FIM e present in @e Indonesian
mimalpciuning seciors, The backwand spillovers hive posi-
tive impaet o s efficiency. while the forwand spillovers
have posibive ot on dwe Ao productivity. Hoseser,
thore s negoive backword spillover effects on the firms
proclucivity amd megotive forwanl gullover effeds on the
firms efficiency. Hence, itcan be sid thee the inter-incdustry
spilower do mot toinlly impaove finms' productivity perios-
miikce i e pstrean and downsare sm indwary,

The policy imyplicagions uf thess esuhs might e sups
pord folally for palicies promsting FOH in Inclonesian
mimufuctuzing imchsry. Palcy makers sheuld consider
whegher the incoming MNCE beacfiss local frms, In this
circumstene whers there ds podential loss and gaing from
the FIE spillovers, podicy makers shauold ar least ensure thit
the negative FOI spillovers o doneestic Gries do pod out
wegh the overill bepefits of the FDE In comtrast. when
thee are poleatizl benclis fom mulimationsl compamies
Foa domeste: fmns, policy maders dwonld offer inceniives to
enourage FL,

Mlore skilled labour in the work place incresaes firmy”
productivity but devresse frmee” sBciency. The techaology
spilover fman FII in the nir-industry market is smaller
with higher level of labour guality. In the inter-imustry
mirked, the degros of ghaopdive capacity of mppliers hos a
Megalive Ipact o nrms’ produclivigg e have o positive
impoct on redooing eefhciency. On the other hand, the
degres of ahsampive capacay af buyers hae o pesigive
imypact an firms” prodductivity bt have o negative impact on
reducing inefliciency.

The resulis from examining e remaiming fegreesors
show thal preases impsol amd cspon i vilies are asseciniol
with grenter effem on nereasing peoductivity, but lesd s
Pigmer inefficicncy, The hagher concentmtion of ihe frm
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imcreases frms’ prosfuciviry bub decreises e sachnkeal
efficieney of firms. The bigger A oo likely 10 possas
mndem fechnoleey and capidnl ciuipmen: compared in
wimiller firms doe o wechnology diffision. However, the
pesitive moeflicient of condrolling varible in the meffi-
ciency funcliom miicates that bigger fisms dio not have
ligher cRlicicasy,

The fisding of hypotheses tosis of ouipud grouwth dis-
irithumons comclode that bots inpai and TFP growth sig-
nificasaly comribate for explanisg in oupor growah
wariafions. Anlk, 2l componends of productvity; TEC, TC
and SEC have o signiticant mile i expluning TEF gresth
for awr ssmple of ol manufmsurng foms. Whon leok a2 the
each component of TC, this d@ady Gnids that echoologcal
regress seank i take place inall indigenous indesinies since
the second period of the study ond in all foseign indusines
in the bt perod of the sludy. This Gnding sugpesis a policy
fiw  strengthemng  the  echnological  progress  throosh
imvesting capital formation, Indonesom povermment can
provick soff loans for manulacunng finms at soguine new

Appendis

See Tahhes 11 and 12
See Fige. 3o-h

eIy, peciolically o e eperede s mahinery 1w
b more prewdoctive or offer impod doby exemption for the
impodt of capital goods, inorense the poperiics of R&D
expenditire o GO, provide inellecteal progpeny riphts ond
public facility for E&D adtivity.
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