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1 Inaoductiaon

T heenlargamantofthe Eurgpeen U nian (BU ) tonards Caentral and Essterm Eurcgpe
is an agdng debatie with & reeding implicatias forboth B members and BU
candidates. T he proess of the Esstll est integratian hes aaome 1o a pant that
enbrgemant gppears invitebe. B ut are these auntries really reedy 1O jJdn the
BJ 70 ne of the aitaria setin the Cooenhagen summit of 199 3 is that a cauntry
hes 1o be bk 1 mest the aompetitian in the singke market W hether ey can ar
not is of aaurse of geat intexest Tor pdicy makers and business men in both the
B ad in the aandidate countries. 4 aoording o the BEurgpean Canmissian (EC)
the edstence of a Tunctianing market eaonany requires an eanamic policy that
improes e¢ daxy of the econamy. T his is exalated in the EC’s amual riepart
an the pragess of e Bl andidates ad reg P olad the EC (2001) states:
“P oland is a Tinclicningmarketearonany. P rovided thatitantinues and inersi..es
it presnt refom ecors in a ansisent policy enviramant. itshauld ke abke ©
ape wh te anpetitive pressuie and mardet ores within te U nian, in te near
'm.”. T he lAtferis basad an an oerall esalation of P dland’s econamic situetian,
honever, we dedkwhether et dency at e . m bvel gves additianal informatian
O disass these statemants.

Canparing auntries firan both sides of the iran aurtan is ae of the mcstim-
partantmethodolog cal daliancess related 1o the Esstl estintegratian (0 sienald,
Kap andSteel 1997). In this pgperwe aastructavirtual bestpractice productian
fiatier for.. ims active in an Eurgpean U nian member-state (BU ) and Catrial ad
EastEBEurgpeen (CEE) aountries. T hisis the .. istpgper thatwe knovofthat aeates
sudh a aanman bendmark Torboth W estand East Eurgpean countries using ..M
kel daia B y mears ofthis aanman bendmark we can make inferencss ebautthe
reltive tednical et decy of.. ims in andidate auntries, both atcthe sectorand the
subsectoral bel W e use this framenark as avnoridorse model oestimate.. i kel
ol Btatorproductivity (T FP ) dnange decompasaed into tednical dengg tednical
et daxy dienge ad asak ampaatt To this ed we extad the gpprcadh of
B attese and Ceoell (1995), who estimate .. m- el e¢ dency and its determinants
simulianeasly and albvora.. rm and time sped.. cdeaompasitian of T FP dhange
wsing the framenark of Kumbhakarand L o.ell (2000). T his methadology is used O
estimate a...im-gpead..c decompasition of T FP diange.

W e foas an the manuectiuring sector of o B candidates (P dad ad the
Czah R gpubli9 and B elgum. B elgum is asmall goen econany and therelae itis
subject to ampetitive pressure fran intematicnal markets and we eectitto sst
the bendmark! T his pemits s t© aampare the reltive et dency of P olish ad
Czah .. ms O an BJ -bend mark (aeated by the B elgan ... ims). 1T these cuntries



aretbe reedy 0 jJan the B and Etthar .. ims aompete fieely within the singe
market et dency diveranas betnean these auntries ad the B shauld not be
10 big ar at ksst become smaller: 0 Faaurse the wads notto big are a reltive
anaptithatis 1o be tregtied With care. H onever; as stated in Kanings and R epkine
1999 :* alese ne esimate of e dency woul ke useful starting paint © ke abke
1 jude Whether eaconamic reforms an indeed adiiee hider e€ dency”. (¢ eared
Tonards te U enlarganatt; this can serve as anindicatorto ampare the potantial
newmember states from Catral and Eastern Eurgpe witth the cunaitB) member
stafes.

P raductivity et dency hes tho ampaas i) the purely tednical arphysical
anpaatttat refers 1 wsing as itk input as autput praductian albons, i) the
albcative arprice anmpaaentthatekrss o the abi it/ toambineinputs and autputs
in gptimal prgpartians in kgitofprava ing pricss?  In this paperwe lodk at...im
perfamance messured by tednical e daxxy and we abo dak the share ofitin
M TP gonth.

INn same Geess ecaamic theary does notprovide unembiguaus glidence eqplEn
ing e¢ denoy direrencss betnean .. Ms and aoncaming the impactofsane foras an
market perfomana. 1N those Gess empirical analysis can provice both qualitative
and quentitative evidence (Fried L oelland Sdmidt 199 3). T his gppears Obe the
ceein this aabsis ie. isa. im in aCEE cuntry kss e¢ dentorproductive than
an BJ .m?? ITthe questian is whether producass in BU -..ims autperfom those in
CEE-..ms, adinary Esstsquares with dummies willda H onever; these dummies
Galagaize producers priar 1o estimatian. 1N this Gase frantier tedhnicues can be
maore infomative.

I essurementofet denoy thattis based upan aproductian fratiercan essentially
bedaeinthovways. T hestodestic frattiergppraadh implies aeatinga (stodestic)
bestpractice fratier based an an underiving praductian functian and alboas s 1o
distinguish the ecects of ndse fiam the enects ofine¢ dagy/, T his mears thata
fractian of the distence betineen the bendmark and a pant underthis bendmark
results in amessure of tednical e¢ denoy (T E).3 T he programmiing gpproedh, ke
D EA . is deterministic in nature and does notdistingish betineen ndse and inef
~daxy edts, ie aeay daviation fian the benrdmark is attributed © tednical
ineC daoy. T his advatace of the stodestic fraTtier gopraadh ames at a ast
the econametric goproadh is subject 1o sped.. catian eras (eg  Tunctianal fom).
H onever; the size of the data used Gan reduce the potartial prablem substantially,

T he theoretical framenak is presaied in the second section. W e .. istdisass
atss sectiaal madek and we extad these mooek toallovforparel datas Further
morg we disass amethadolgy o estimate .. bl T P dange daaompasition.
T hethird sactiaon dealb with the dataand issues ofpoolingseveral auntries imo ae



dataset T he estimated tednical et dendes are disassad in sectian 4 and we dnedk
whether ted nical et denoy daengs oertime W e abo perfom a sectaal arnalysis
of tednical et denoy within and oer the three cauntries by estimating tednical
eC daxy (T E) atasuscoral bel W ettenestimate T FP dange intoits verios
ampaats iEing . m bel daia T he paulimate sectian gves an interpretatian
10 these estimated tednical et dendes and the stsectian aondludes.

2 T heoetcal Fanaenork

In this section we g\e a briefoernview of the stodhsstic frattier theary that started
aly 25 years agp. W e . istintroduce the acss sectianal model and then we bk ae
direrantmacek that allov o the use of parel datas W e disauss baoth the B attese
and Ccell (1992) ad (1995) sped..cation mare in detail sinee these are the axe
sped...catias we Lee in the empirical gpplicatian’ W e briety acommait an the
dinerat tpes of productian Tundias and aondude this section with amethad
estimate a.!Mm bl T dange deoompasitian into tednical dangeg tednical
e€ daxcy dange ad asak anpaait T othis we extand the gpproadh of B atiese
and Ccell (1995), whare ..im bwel e dacy ad its determinants are estimated
simulianeosly  allbwviora.m and time sped...c deaompasition of T FP dhange
wsing the framenork ofF Kumbhalkarand L owelll (2000).

2.1 A CrossSedciadlll acelforTednical EC dexcy

T he stodestic fratier’ productian fTunctian Was ...ist prgposed in 19 77 indepen
dently by A iger; L oell and Sdmidt (U9 77) and by Il eausen and ven den B roek
QI77). T hey caameup with an aignal sped... cation foraacss sectiaalmadel T he
novelty of these madek wes that they aastruded an enortem aasisting of §/no
anpaaits ae thatacoounts Tor randon erects and the other thatt acoounts Tor
tednicalinet daxy, T his madel can be represaried s olbons

yi=TFC&G; Dop@i i ud @

with i the ..M index y the vector of autputs and X = ¢« ;55> ) the vedor of
inputs. T hevectorofparametarsisdanoiedby . T heemmortaam aosists ofrandam
variabks v; assumed o be 11 :d with azaromean a'd\ala'na%f, ad theebmaits
in vector u; Whidh are audal in this madel T hese nan necattive randaom \ariebles
acounttortednical inet denoy in praduction and are often assumed ©Obeisiid or
halfnomalwith meen® andvariance¥, A aanman aitidsm ofstodestic fiatier
maodek is that there is no a priar justi..cation Tor the selbction of any partiaubr
distributicnal Tom for the t'ednical ine¢ daxy u;. T he aamman assumptias of
halfnomal areqpaaitial distributias Torthe u are justabitrary seledtias that
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imply ahigh prdoabi ity thatted nicalinet dendes are in the neighbarhood of zera,
T his may ked O \very hidh tednical e¢ dency estimaties.

A reedion O this aitige Bd todicaerattsped.. catias ke the truncated namal
distribution (Stevasa, 1980) ad the 2-paranetars gamma distributian ¢ e,
1990) forteu;s. T he truncated nomal distributian is a generalisatian of the hallf
nomal distribution. 1'tis dotained by truncatiaon atzero of the nomal distributian
with meen 1 and\ariane ¥ . Itis esdl ly seen that restricing®  zaro resuls ina
halfnomal distributiaon. T he distributian depands striangly an the sigh and size of
1 W e testwhetherthis meaen is signi. catly dicerait fran zero by means ofa
W ad argeneralized likelihood ratio st T he teststatistic hes a sigtly dicerent
distributian under-the nulll hypothesis of no tednical ine¢ dency in the model and
ths other attial vales are gpprpriate (Kodde and P alm, 198 6.

22 PaelD aamodkek

T he previas disassian assumes that acss sectical datlaan N ..ims are ada Bbke
1or the estimatiaon of the parametars of the stodhsstic frattier: W ith the goning
asi Bbi ity of parel datla  both an the miao ad the maao kel tednigues hae
bean develpad o incpaate parel datawrthin the stodestic frattier framenark
T he..iMm-spad..c tednical inet dency aauld be cptured by the .. im-sped.. cecect
within the .. >ed enacts framenork Strag distributicnal sssumptias thatare nec
essary in a acss sectianal setting ware replboad by the singe - and very strag -
assumptian that tednical ineC day is ime inariant T he bstyears, the Fer
ature develped tedniques o allbowv Tor ime variant ted nical e dancy messures.
T he audal question Tarthis researd wWes 10 relBx the assumptians oftime inariat
tednical et daxxy messures without ksing the achantagss of parel data

P arel datla have sane advantagss oer atss sectianal data in the estimatian of
the stodestic fiattier: A g numbear of degress of freadom Tor the estimatian
ofparameters is ad BbE and mare importantly simulteneas inesticgatian ofboth
tednical dange and tednical e¢ denoy dange oertime is passible®

Pitad !l ee (1981) goed..ed a parel data varsian of the 4 iger; L oell ad
Sdmide (19 77) halfFnamal madel ad is gven by the Tollbaing expressian

boyie= QX ¥ + Viri Uit @
withi =1;:N adt=1;:3T ad same de.niias as befre® The vis ae
randan enars and assumed o be ifixdand hae aN ¢ ;%) distribution and are
distributed indgpendantly of the tedical ine¢ dency ecectu.’ T he Btler ware
.Istassumed o beiid, butths resulied in no partiaubr advarttagss in dotaining
additicnal dosernatias an agven ... varsus dotaining doservatians an mae ... ims



at partiaulr time periacs. T hus, the seaod besic model assumed U = U;, 1.e
time inarant tednical ine¢ dendes.

B attese and Coeli (19 88) extendad this madel and assumed u; 1o be truncated
nomallly distributed and ter an permitied unbalenasd parek (B attese Coell ad
Coby; 1989). T he assumptian oftime inarianttednical ine¢ dency becomes, how
aer; moe and mae ddc ailto justifyas T becones lErcer: A s B attese and Ccoelll
(1998) stated “ane wauld expacthetmanacers bam fram their previas eqerience
in e pralction praess and so halrednial inet dency erects would dange in
sane parsisientpatiem oer time”.

Kumbhakar (199 0) sugpested astodestic fratiermadel Torpanel datain whidh
tBednial inet daxy eaecsgay %smancalé/wm time acooading o the time
varying sped..cation Uz = 1 + exp@t+ dt) ' u; where band c are 1o be esti-
mated. H onever; no empirical gpplicatian hes yet bean atlempted. B attese ad
Ccell (199 2) suggesstan allematinve 1o this gopraadh in whidh the ucare assumed
10 be an epaatial Tunctian oftime involMing anlly ane unknonn parameter-

Sdmidtad Sid<is (1984) doserved that when parel data are aval Bbe thare
is No ned O PaedFy a partiaular distribution Tor the tednical ine¢ dency eredts,
because the parameters of the madel an be estimated by mears of standard parel
daia tedniques (ed ecects) ar ennoraampa| s estimatian (see aboH ill ad
Jugle 1993). In the .. xed enects gppraadn, the lrgsst estimated .. inerapt
is tsad 1O sstimate the iNteragpt parameter so that all . Mm ecects are estimated
10 be zaro or necative. A N estimate of the tednical inet dency of the varias
..Ims are dotained reltive o the mostet dait. m(s). A n achantage ofFtreditiaal
parel data is that .. >ed erects goproadh are prefenred when ae assumes tat the
tedmnical inet dency erects u;are conrelatsd with the productian inputs X ¢ Y et
this gopraaech implies that et dantand inet dent.. ims hae the same intuence an
the fioitier: Carvell Sdmidtad Sid<es (1990) ad L ee and Sdmidt (199 3)
Gamne up with greralizatias of Sdmidt and Siddes (1984).2 T he advaritace of
the Sdmidtand L ee (199 3) goproadh is thatitallons TorindLsian of doserebles
thatare ime invariantarinariattoer..mms. T heSdmidtandl e= (199 3) madelis
represerled by yie=X §¢ + Uit Vie T hevicareassumed tobeindgpendently and
idetically distributed with mean zevo and \ariance % , (note thattwe do nothave
10 assume namality). T his tpe of estimatian of tednical e¢ dawy is essatially
besad onwadted aeragss ofresiduak (Wiith the average dken oertime foragven
..mm). Inthe presane ofasmall ime periad T these aauld be very ndsy: T his may
ked to oarestimatian of the dic eranass betnen the .. s’ interapts, and tharekare
in the undarestimatian of the tednical et dency b ek.

A rumberofauthors alloned Tortime \ariantet dendes, honeverin ratherstruc
twred was. The B attese and Coellil (199 2) gopraadh is an illstration of sudh a

6



structured model wheress Sdmidtand L ee (199 3) brougitmare texdbikt/ in the
Vay these dnange oertime. B attese and Coelli (199 2) prapcse atimevaryingmackel
Torthe tednicalinet dency erects in the stodestic frattier production function Tor
parel data T he tednical ine¢ dency enects are assumed 1o be de.ned by

upe=[epG & i T ©)]

where the u;s are the random variebke de.ned as before and assumed o be 1
acaading o the greralized ttuncated namal and ~ is an unknonn parameter to
be estimated. ITfthe i-th ..M is doservad in the st periad of the parel (T) then
Uit = U; because the expanarttial unctian in B) hesvalbeaevwent=T. Thuws
the random varisb e aan be aasidered as the tednical ine¢ denoy ecector.mii in
the Estperiad ofthe parel Forearierpariacs in theparel the tednicalinet dency
aacts are the product of the tednical ine¢ dency at the stperiad and the vale
oftre epaatial fincian [ep (G~ & i T )] whose vale dgpends an the parameter
~ and the rumber ofperiacs before tre Estpericd ofFtepael (i @i T) T i ©.
IFthis parameter is pasitive then the \valle of the expaantial Tundian is no kss
then ae whidh implies thatu; - uge T he aanverse is true iT the paramneter that
acoounts Tortime variance of ednical ine¢ denoy - ~ - is necative’ T his gpproedh
implies that the adering of the ...Ims acoording 1o the magnituce of the tednical
inet danoy enects is the same atall time periads.!! T he B atfese and Caeli (1992)
soed.. calion does notacoount for situatias in whidh same ... 1ims may be reltively
ineC datbutbecome reltively mare et dertin suboseouentpeariods. T he Carwell
Sdmidtand Sid<ks (1990) and L eeand Sdmidt (199 3) sped..catias do albwvor
this passibi ity

0 ne of the achartagss of the B &C (1992) time \arying ine¢ dency macel is
that the dange of tednical ineC denoy over time Gan be distinguished from t&dh
nical dange providad the Btieris gpprprately sped..ed in the frattier inctian
(se=e sedian 2.5). T his disaimination of ted nical denge and tednical inet dacy
dange oertimeis anly passibke gven that the tednical inet denoy enects are sto
desticand hae the spaed..ed distributians. T he nextsectian disausses an extarsian
oftheB attese and Coelli (199 2) sped.. catian, in the sase thattthey develyp amaodel
thatallons o estimate the e¢ dendes and its determinants simulianeosly.

2.3 N ocdelingD etemirnacits of Ine¢C dacy BEredcts

In this sectian we briety disass the B C(1995) sped...catian> that allons Tor the
simulianeas estimation of tednical inet dency and its determinants. A number
of empirical studies (eg Pittad!l ez 1981) hae estimated the detexminants of
tednical ine¢ dendes anag..ims. 1IN assaod stage analysis the esimated .. m-
soaed.. ctednicalinet dendes are regressad an anumber ofdnaracieristics, ke ..m
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size ap ad others. T his tho stage gppraedh hes a majordranbadk In a ..i1st
stege the tednical inet dendes are assumed o be ik id in aderto estimate them.
H onever; in the secod stage the predicied ine¢ dency exects are esssumed tobe a
fUnaion ofF arumber of .. im spad..c fdtors, whidh implies that they are noticia
unkss all the aet dents of the aors are smulteneasly eglal 1 zero (B attese
and Ccelli, 1998). B attese and Coelll (199 5) extad the gppraadies ofF Kumbhekar;
6 hashadll ¢ uddn (1991) and Stevaersan (199 1) o acoommaodate Torpanel data
T his allons the estimatian of the paraneters of the cors believad 1 determine
the bek dfted nical inet dency togetherwirth the separatie aampanaents oftednical
ineC dency daenge and tednical daencge oertime. T he enmaraompanentacoounting
fortednicalinet dency Ui« is dotained by truncatian of theN (lit;%2 ddistributian
where

L= Zie @)
where z;¢ is a vedtar of eplbnatory \variables whose vales are . xed aostants ad
* is a vaector of unknonn parameters 1o be estimated. Equation (4) spad..es that
the mears of the namal distributias (\Whidh are ttuncated at zero o dotain the
distributias of the tednical inet dacy enects) are not the same butare Tunctias
ofvalbes of doserebe \ariablkes and of a aamman vedtor of parameters. [Tall +
parameters are zaro then the madel is e datly estimated by 0 L S ad ifanly the
arstaittem is diceratiom zerowne hae el iger; Sdmidtandl oell (19 77)
maodel T he tednical e dacy Torte i-th .. m in the tperiad is nowv de.ned by

TE ze=p(iui
24 TheU nderiingP roduction Function

T he madel desaibed above usss a productiaon Tnction TG ) whidh an ake var
iauss Tams. T he mostknoan and simpk is the CdobD augies productian function.
T his fam hes the achartege thatitis essy o inepret 1's kg inear transtoma
tian abo immediately reveak the autput ebstidty’s of the dicerattinputs. T he
Cdob D auges praductian inits bg inearfom can be represated as

oY ic= oAt 1 oKt ; O & ®)
and this ripresantation Wil be used Eler an. 0 utput. epital and Bbaurof..m i
attimetaredaoted by Y i Kirandl i respectively. T he CdobD augies proouc
tion TUndian, honeer; is avary rsstrictive TUncion in thatitassumes a arstat
ebstidty of substitutian betnean the diceratinputs. T harefore we nead a praduc
tion Tndiaon thathes Ess resstricias. 4 mare unrsstricive Tam” is the trarskg
production functicn, as italbas Tor nan inear impacts of the inputs and Tor an
uniestricted elbstid ty of substitution and is represated in equatian (6.

boYie = oAt ;| oKt ) kgl ot 3Q0Ksd + (ool &9
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+ 5 OKseldl i ©

T he autputekstidty’s are the resulitofsimply dariving the trarsiog with respect to
pital and Ebaur. T he diceratiuncticnal Torms will be explored when estimating
te.m bel tednical e dedes.

25 D exmpasiian of T FP within aStodestic Frantier!l ocel

In this sectian we disasss a potential methodology 1o disattange total fdor pro
dudtivity dhance into i's varias ampaaits atthe .. bwel using the franenork
sugpessted by L ovell and Kumbhakar(2000). T okegp notation as general as passibe
we assume the Tolloning represatatian of a stodestic frattier production onctian
withauteplidty denoting a../m index and a ime index

y=Tet; Jop iw Q)
with X= ¢4 ;¢ Dtheimputvectr;  the vector ofFted nologcal parametars ad
tatme ttad. A s before u pturss the autput arated tednical e¢ denoy ad
u_ 0. Wewalttdeompae dangss in .. m productivity into three dicerent
ampaaets. T he..stis tednial daenge (T M) whidh ptures a shift uonwards aor
donnvards in the productian frantier: T he second ampaat s toadenge in
tBdnialecdaxy (TE M). T hisis the rate atwvhidh .. ims mowe tonarts or anay
fian the fiattier: §  third ampaait pturss the sak ekstiaty ofthe ... T he
d¢ ailty caaurs (ad this is not unrealistic) when these three companants dhange
simultaneasly. W ece..neproductivits° dnance as the dicerance betineen the rate of
daenge ofautputand the rate ofFdange ofan inputindex. T oAl ectorproductivity
(T ) an tomally be represated as

TFP=Y 5% ®)

vdereaobtabo.ea\alabb moicales its ratle ofFdance (Y— dhy-d%T he daenge
|n1he|rput|sdamdbe— Snmwmsnzw"x“aﬁdE: T W%, SO
the dance in inputis the sum ofall direrentindividual dangss in inputweadgited
by theair respective dhare in tolal asts Where w = W ;25w ) is the vector of
inputpricss. T aking boops ofequation (7) and toEally dicerattiating © resullts in the
Tolloning epressiat

X onfeet), | @hfeety)

dhy=" 21098 Jye 4 o &

e ot gt

D Mding every tam by ct and using the ce.nitias of T /P, tednical daenge ad
tBednical et daxy dienge we an rewite this as



X @ hfect: ddx,

+ +
TFP=T M+TE M+ — i
@ le

n=1

U sirgitede..rilimbjlreirwtd’a'gairw wean le/\riiexo in Hnsgfculput
ekstidties (', = ) = EIRCCE )y od ekbstidty ofscale (=, *h).

@Xn

Xoehfectdds X Jwe  dhx,
> " TR

n=1 n=1

+
TFP=T M+TE M+

N X o, X ha i,
TFP=TM+TE M+ Cil) GD*%+ GDisSh %
1

n= n=1

T his st egiessian is dotained by adding and subtracting (azpn G ad
rearrangng tems. I'tshons thatthe dange in praductivity can be dscompasad into
tBdnical dange ednical et daxy daenge ad asak ampaait W e hae an
additical tam that Gptures the dange in allocative et dency. Since we have no
infomatian an the pravalnt input pricss We assume anay the allbcative e dacy
aompaeitby ssttingS, = 2 17 T his results in aur ..ral epressian () thatwill
be usad in the empirical aralysis

TEP=T M+TE |v|+('i1)X % e)

n=1
Fan nowv an we assume a sped..c Tindiaal fom or FeGt; ) thatis the
transhg productian fUncian.  1Fwvwe viant 1 estimate and caloubate the three diF
ratanpaets of TF P dangg we hae to introduce a time \ariabke tinto the
framenorik Equatian (10) represants the trarshog production Unction with atime
trend alloning oranm ineartime trand by telkiingboth tand € into the regressian.

X _ p XX 1_
hye = o+ n gt ¢t 5 nk N6 i NGt > ut
n=1 n=1k=1
X
+ nte N i+ Vie i Uie 20)
n=1

T he tednical dhance is essi ly dotained by tBking the partial derivative of hyjewith

respect o the time trend t and the dnange in tednical e dencyis de..ned as before
_  _ X @u

T M= ¢ t+ ne hGeadTE M= i@_t 11

n=1

10



T he third aampaantin equatian (9) dgpends an the ekstidty of scalke undervwhidn
te .. is produdng  1Fthe ..M edibits aastant retums © scak a diange in
the inputwill not acectits productivity, Fomally this mears that the st term
disgppears because under astant ietums tosak sine "= 1. In this e the
dance in productivity is due o the otheracompanais. H onever; ifthe .. mm exhibits
inaessing ardeaessing retums o sak we have three aampanats of T FP dance
W hether this st tarm is pasitive or necative degpends an the dange in the input
Baas. Bven with inaessing retums o sak ("> 1) we an have an additiaal
necative tam i the rate of dhange of inputs is necative. T he same is true under
deasasing retums to sak and a pasitive rate of dange ofinputs.

A \ariety oftests an be perfomed witthin this framenarkk W e caan dedkwvhether
tednical dance is neutral with respect 1o inputs by testing the hypothesis that
=0 anwhethertrereis notednialdengeatallby €sting = = =0
T hedesaibed framenarkis truly cptuing the natureofaurdata, 4 threedicerant
ampaats are albnad o vary oer time and aass ..mims. T he di¢ aulty es in
disartanding the tednical dance and the dhange in tednical e¢ dency since often
they bath rely an the same \arisble t18

3 Daa

W euse..m- beldataofB elgan, P olish and Czedh ../mms active in the manuctiuning
sctorbetnean 1995 and 1999 . T he data axsistofall aampanies thathae 1o repart
Ul company acouts 1o the naticnal statistical ot ass Taorwhidh at bsstae of the
olloning aifteriais satis.ed ol wmoer ofat Esst1 milian Burg ol essets
ofat lbest1.5 milian BEuro ortotal enpbymattofat kbest10 enpbyess. T hisisa
aommerdal database collected by ‘B ureaulV anD ijd<” whidh is aquoted softnaread
arsulting ampany an the (Euranext) stodk marketand the data are sold under the
name of 1 madaus’. T he dataindude infamation an sakess, emplyment; total wage
bill etc. and are rpresatative orthe manuecturingsector: A ppendix 1 shons the
share oFemplymaitin aursampk in the total manuiecturing enplbyment, gaing
ffan 0% inBelum 4% in the Czadh R gpublic 0 verall aur data sest oers
betneen57% and 72% ofthe total manuecturing of B elgum, P oland and the Czedh
R epublic

Canparisn of the data aatss aountries is td itaed a6 B ureeu V an D ijdk harr
manisss the reported data 1o make amparisas of .. nendal items aatss cauntries
essier: Foreadh .. m we abo hae infamatian an the sectar ofactivity (within the
manucunng) ithes its man oeratias in, vwhidh implies thatwe are bk tomake
notanly country aomparisas, but albo intersectoral aamparisas.

W e use oerating revarLe as a proxy forautput (y) in the productian function.
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T herumberofemployess and tangbke .. x&d assets are the inputs Bbaurand epial
respectinely. W e use the (naminal) bodk valie of pital expressed in thousands of
Eurcs and represants the e histarical pital valle aonecting for depredation.
0 urdata axsists oF 34,026doservatias oer5 years (1995-1999). W ehae 7,291
.Ims induding 746° dlish ..1ms, 1,953 Czedh..mims and 4,59 2 B elgan ..ms.

W e drp autdiers in aur data sinee these autliers an be detrimatial Tor the
estimated productian frattier and may resultin oer ar undarsstimatied tednical
e dades. W e drip the tp and bottom are paraatiks fram the distribution of
enplymat qoerating revae and gpial T his guaraniess s tatwe exdude
fian aur sampk unrealistic high valles Tor the dicerant \ariabks. | s a dabke
dedkwe Iodk atthe gonth rates ofthe dicerantvariebles and eliminate those with
ayear to year gonth rate ofoer250% . H onever; this mears thatwe loase small
..ms, eg ..ims thathed aeanpbyeeinli {5 andhed Tourin19 9 6 Inthisway, we
are Eftwith reltiely big..imms in terms of size and this is refedted in the aerage
sizeofthe..Mms in aursampk. H onever; estimating a productiaon functian forsmall
~mswth eg oy ae enpbee is notvery gopealing

31 ThePookdD ata

T he pading of the three countries into ae dataset, honevey; intrioduass a fewaddi-
ticalissues. Firstly, all B elgan ...1mms are an average mudn smalierthen the P dish
and Czech ../mims. T his hetexageeaty issue is usually prdolmatic when esimating
production nctias atthe .. bwel B utgven the framenark of the Stodesstic
Faitierwhere the enorterm aosists ofa.. m-gpad..c e¢ dancy part, the hetexo
greity shauld be lEssworrying P reviacs studies that loded atet daxy of..imsin
transiion cutries aeated a natiaal bendmark (P iesse and T hirtle 2000 ; Kan
incs and R epking 1994 and others). T o aur knonedce there are anlly §00 pepers
so Bwhere a aamman bend mark is aeated; i) 0 sienabki, Kap and Sl (1997)
aeate a word frattier 1© analyse autput bvel and autput gonth in Polerd ad
doeratl esten cuntries, and i) Funke andR an (2002) aeate aaanman bendy
mark trEsstand W estt emmarny usingstodiestic frattiertednigues. 1 this study
we podl the data of the thiree acountries ensbling Us 1O aeatle a camman bedmark
o the three countries.

Seaodly apradudction Tundion desaribes the trarstormatian ofinputs, messured
in physical eims and thus we do not det ate aur autput since We are interested in
the tedical e¢ dacy of..ims.® T hese messures are not bissed by intation as
we trarstamed all variabkes into Eurcss, provided the real exdance rate is goprod-
mately 1.
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32 Summary Statistics

IN this sectian we presert same desaiptive statistics of the data set; since an un

dastanding of the structiuing of the data is \vary impartant Tor the setup of the
estimation of the tednical e¢ dendies (T E) 2! Since we are dealing with an unbal

anced parel and wevnantto ampare aerage tednical et dendes itis impartaitto
s the struciure of the panel T abk 1 shons the numberof.. mms thattare presantin
tepanel b, 4, 3 2 ad 1 asaautive year(s). W eansetat8l% ofthe..mims
in aursampke run through the erttire ime pericd 199 5-1999 . | asower; anly 5% of
..Ims fran the sampke gopear axxe orthice (aassautively) and they are all Czedh
.ms. W ead this sactian by reporting the average enploymentand autput(in 1000

aur) Torthe three cuntries Torevery year (1995-1999). T hese resuls are reported
intebk2. W ecn see thatan aerace B elgan .. ims are mudh smallerand the bel
ofFemplymentis mare stebk oer time as ampared 1P dish and the Czedh ... 1ms.

T he aerace size of CEE .. ims is honever; daaessing oertime. T his is aasistatt
with the greral ..nding of shedding o0 Hoaur in former planned econamies due
1O massive Ebaurhocarding during the cantiral planed periad R oland 2000). T his
time pattemn is aboTound Torother CEE acountries, eg. S bvenia( utchinsan, 2002).

A verage Ebaur praductivity is higerin B elgum, althaugh the dicrerencss are not
big T His is becase we use qperating revae as amessure of autput. 1daally ae
wauld ke 1o use valle added 1o geta conect messure of Bbaur praductivity, W e
G thus see these diceranass in Ebaur productivity as loaerbaund dicerenass??

4 R eults

T o dotain amessure Tor ted nical e denoy we use maxdimum ikelihood estimatian
tBednigues o estimate a stodestic fratier production function. W hi e estimating
e aarace et dancy reltive 1o same bestpradtice Tor a numler of sectors is in
teresting reaEtdy more ecathes been mace o estimate itatthe .im bkbel W e
we the progam FRRON TIER 4.1 (Coelli and B attese 199 4) 1o estimate the max
imum likelihood parametars of the praduction TOnctian and .. im goed..c tednical
et day estimates?? W e emphesize the fct thatall resuls are based an acon-
man beskpractice fiantierestimation Torthree acuntries and this is importatwhen
bddng at the resullts.

W e goply e B&C(1992 ad 1995) framenak 1O the data desaibed in the
praiasssaion. W e..risthhdkatthe atss secical e tartteyears 1995 and 1998 .
W e ephxe the dceratunaianal foms of the underlying productian foncian. In
a saaod section we epldt the time dimensian of the panel ad allow Tor ime
varying tednical inet dacy, 1N athird secion we estimate tednical et dency at
te secal bel Eaving the implidt assumption of a aamman tedolayy aats
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indLstries. U sing a partiala adjustment model we dnedk wether tednical e¢ dency
in CEEs is anvaergng tonads the B el Finally we develp a methadology 1o
sstimate total Bctor productivity daence at e .. m bwel bultan tel oellad
Kumbhalkar (2000) and the B &C (199 5) framenark

41 CrcssSediaalA ralsis

W euwsetheB &C (199 2) model epiressed in equatian (3) 1o estimate the tednical
et daxy (T E) estimates o199 5 TorB elgum, P olend and the Czedh R epublic. W e
hae6as .msinlli5, 746ofnhidhareP olish 4,592 B elganand 1,29 0 Czedh..ims
all ective in the manubciuring sector. W e do this Torboth the Cdob D augiess ad
T ranslog produdtian Tondias represaied in eguatian 6) and (6§ respectinely. W e
~Istrepatthe estimates of the production Tunctians, we denote the Cdob D audies
amacell and thetrarslbbgas madelB . T able 3 ripresants these estimates Tormaodel
A adB.W esee tatall et datts are signi.cattatte 1% kel Since madel
A andB ae both in kg, the aboe estimates are ebstidties (eg ifwe inaeese
te Bbauroreewith 10% then autputinaessss Wwith 2.171% and 4.389% farmaocel
A andB respectively). T he interpretatian, honever; is Notso interesting since We
pookd three countries and aame up with aastat ebstidties. T he bg kelihood
TUncion\vale ofmadelB is higaerthen thatofmaodelA . W ith this informatian we
antesstmadelB againstmaodell by mears ofa ikellhoad ratio st (provided that
mocell andB arenssted).’ 3 T he eststatisticis 151 9 09 Gand thus this hypothesis
hes 1o be rgjedted at any gppropriate sigi. cane bel 0 faurse this st aly
Elk s that curmackel reedes asigni.. athigner kelihood vallbe when we tse a
transhg production Tuncian and cannotbe used an itself o jJudoe an the underding
production foncticnal fam.

In &bk 4a and 4b we repart the tednical e dency estimates formaodeld and
B respectively. T hesetebles are atthe aae of this paper: W essethatB elgum ...ims
aemaear3hb maeet datthen those in P olend and 10% mare then thae in
theCzahR epublic. T hereare nobigdirerencss betneen theT Es fraon moceld ad
B.l odelB results in sightly hidertednical e¢ dendes TorP olend and the mast
ineC dent..:m in P dland Bl badk 1©16 7% wWhidh remairs bigger then the aein
B ebum. 0 faourse the mean doss notaampketely reveal the distribution of e T E
in the drerattcutries. U sing the .. im-sped.. cestimates, Figare 1 represats the
distribution of the T E per counry, We abo irsert the oerall aeragg* (0.618) of
modell . W eseethatT Es are quite synmetrically distributed in all three countries.
T he distributian of T Es in B eljum is aatered araund a bigger aerace then the
oerallaerae. T hese distributias an.. m aurpror...ndings.

W e @n tstwnhetharthese distributians are signi.. antly dic erentiiran eedh other
by mears ofaKuskal allis st W e have 1o rigject this bath ormaodel 4 and
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maockel B, with teststatistics ofF 155525 and 118128 respectively. T hese are o be
aompared with the aitical vales of the A? distributian with 2 degress of fiesdam
(e hae 3 cuntiies). A s a..nal aiteria to ampare the distributiaon of T E in the
doerant auntries, Tabk 5 shons the kurtcsis and the skenness Tor the countries
formakell andB . Tabk5 shons thatthe T E in P olad is mudh more synmetric
araud i'ts mean and with a baerpeak B oth B elgum and the Czedh R epublic are
more spreed and skened 1o the right araund thar aerages. T hese Tour maments
of the distribution of T Es are sasitive 1o the ddce of the underlying productian
TUnaion. Forthe trarslbogmadel (B ), we see thatall varianass are hiderand that
nowin all three cuntries e T E is skened O the gt

W e repeatthe analysis thatwe aonducted above Torthe year 1998 26 W e briety
repartthe resuls and 1oas an the ampariswith theyear199 5. Furthberaninthe
paperwe allow Tor igpeated dosenatias oer ime and use parel data tednigues.
Canparing tebke 6ad 3 we see thatt he pradudtian funcion aoet dents have not
denged insigh and anly margnallly in elstid ties, exagptiorthe elstid ty of Bbaur
formackelB . T ebke 7aand 7b represantthe ted nical et dency estimates formadkel
adB fTorteyear1998. T hemain aacdlsias reman thesame B ebum ..imms are
an aerace mae et dent then P olish .. mims, vwho are mare e¢ dant than the Czedh
~ms. W essetatthe TE Bl is higerten in the year1995: theoerall TE
aeragetormocell adB inaessad by a5 add a3 respectively. T he Czedh
..Mms’ T E inaessed more than the Pdlish ..ims. W e culd argue that the Czedh
..IMs’ e¢ dency inareesad more then that of the ..1Ims in the other to countries.
Sinewe have an ubalbnaad parel we can anly say samething an the distvibution of
T Es and we explore the dange ofe¢ denoy ana..m kel |leran? 7 W e note that
teoerallet daxyinliid ormadell andB is no lkbhngeranly magnal dicerant
T he trarskg productian fTundian resuls in smallker estimates whidh makes sense
sinee mare (nonlinear) ecects are ansidared in the production frantier then in the
. Istader gpprodmatian (macel 4 ). Finally we repart the . st four mameants of
the three distiibutias of tednical e¢ dency in Tabk 8 ad these distributias are
shonninFigure2. A cain the trarskog production fonaion framenark introducss a
bigoeariance (this can akbko bean saen by aamparing the minima and maxdma of
theT E undermadeld andB).

W e use simplke ecoamic reesning © evdlLate the dhange oer time of the t&dh
nical et daxy, llbning Joanovc (1982) framenak as suggested by Funke ad
R a&n (2002). H e assumes a ampetitive industry with knoan time path of future
autput pricss where .ims dicer in e¢dengy,. Fims have a sped...c asst functian
" 00 OHwthaf )acomman aanvexastiuncianad * ; isa. m-spead...cinet dency
parameter: T he..im maximizes pro. 8% =pY j "o Dwith"5=E C 8. To
ally draattiatingtthe F0 C atdP =0 gvwes s a reltiaship betnean the autput
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and the (in)ed dency Iell utput is necatively (pasitively) related 1 inet dency
(et dawy) orﬁmallydd.—Y?z i%&f 0.4 .mwllasidersit et daxy bel
andw lladjust Bter-an acoodingly. A ne¢ dait.. m wllgowvbecause itadspts its
autput acaadingly wherees an inet dat..ym beaomes smalker. Jo.aenovc (1982)
assumes that there is a threshold \allbe * < sudh thatall .!iMms with * ; < " <Snilll
edtte market T his results in ahigermeaen ed dancy bel and a lonerariance
araund it A pplied an aurresuls’?, we see thatindsed aerage ed dency inaresses
and that the variance araund itdearessss oertime. T hisisshoaninT abked . Fan
Figae 1 ad 2 we cud age tat the the threshod vables are dicerent aats
auitiies, i.e "> "5> "§ ad this resuls in a lrger share of reltive maore
et dait../ims in B elgum.

42 PaelD aah ralhsis A Ibanrng T ednical EC daoy o Chaoe
oerTime
In this sectian we use e B &C (1992, 1995) spad..catias o estimate T E Tor the
periad 1995-1999 .2 P anel dataallons us 10 rebx the strag distributianal assump-
tias o the acss ssaticaal madek and we Gan dotain estimates With more desireble
statistical properties (see Kumbhakarandl o.ell (2000) faradisassian). W eeer
imented with dicerantsped.. catias and anly ripart the ‘prefened’ sped.. cation.
TheB &C (1992) spad..cation albns Tor tednical et day estimates o \vary
oertme. H oneer; as stated earfier this gpproadh does notallovfora../im
beaome mae or Ess e¢ dat then anotber ..im. T he .>@&d adering of ..ims by
tarT Es is notvery gppealing W e briety disass the resuls of the parel data
model spad..catian and dhedkwhether T E is signi..cantly drengng ovsertime. T his
analysis an be doe in sodiceratvays. W e an use the B &C (199 2) model ad
sstimate the paramneter ~ together with the other parameters. A secod vway
perfam parel data estimatias - in a kss strudured vway - is o tEkeB &C (1995)
soad.. calion and intraduce determinants in the z\arisbke in equation (4). W e ollow
the Bstepproed ™ fortheperiad1995-19 99 and use the trarskog productian Tnction
as the underbing framenark in all estimatias. For these esimatias we hae an
ubalbnad parel of 7,29 1 .. ims. T he madel we estimate is represanted as Tollons

bgVer = o+ (b gt bOKeer 3@l i)+, QOK:D
+ 5 loKeehol iet @icid Ui a2
with uz-NaNecative randam \arisbles and assumed tobe independantly distributed
as tuncatias atzerooftreN @ ;g% pwhere? ;= zz¢. | eproceedin threesteps,
i) we anly allbw Tora astatt erm (madel Cll), i) we intraduce year dummies
(model C2) ad iii) we intraduce subssctoral dummies (model C.3).
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Firsty we aily allow Tr a astait em in the zvariebke ad this is just
te ) iger; Sdmidtad L oell (19 77) madel spad..cation.T ebke 10 shons same
desaiptive statistics of the T E estimates peryear per autry, W e see that egain
B elgum ..ims are an aerage mare et dertcthen tha rP dish and Czedh countterparts
but that the P dish aerace is vary dose 1o the B elgan ae Itis hard tb canpare
these resulis with the anes dotained fram the atss secticalanalysis. Cross sactiaal
T E estimates are nly manentreggstratias ofa..im’s et dency wheress the parel
data gppraach allons 1o trae this mare acaurately because of repeated infomatian.
H onever; this madel sped.. calian is vary sSimpke in theway the ine¢ dacy ecects U
are madelled oertime ad itis not Tully ptuning the strengtts of the parel data
tBednigues.

I avwe introduce mare determinants of T E and estimate these simultaneasly
wth the TE estimates. T herefore we use the B &C (1995) sped..cation that al
s Tortime varying ine¢ dendes in amare fedble way, the z;« are dosen freely
(see equatian (49)) in antrast o the . >ed Tundian in theB &C (199 2) sped.. catian
(equatian (3)). Farnon we anlly use time dummies 1o conrect for maao eaonamic
shads and direrencss in intatian and producer price intation rates betneen the
three cuntiies. W etdketheyearld 5 as aur rebErace yearand thus have Tauryear
dummies Tor1996 1997, 1998 and 1999. Sothevedtorz = O, ;D; ;D3;:Dy ) plys
the 1ok ofavery simplke madel o albvortime vatiantT E2 1| admum Ekelihood
is usad O estimate the productian friattier et dants and the tednical e¢ dendes
adtepaaneEs 4 ;4 b ;iz;ad . W e istpatthe estimated productian
Tndion estimates in Tabk 11. T he estimated aet¢ dants hae the same sigs ad
magnitudes ass modkelB iN1995 and 1998. Farthe same reesas as before we donot
devoke a bt of attarion 1o the intapretation of the ebstidties butwe do daedk
whether these are sasibe. T he + parameters are all negattive and signi. Gt fram
zerq this mears tat T E is inaessing signi..cantly overtime= Tabke 12 represats
teesimated T E Torthe three countries Toreary yearand theasrage oer e e
years (1995-1999). 0 Faaurse this tebk doss notephtte Bctthatwe hae ..im
soaed..cT E Tor5 years (exaptiorthe .. ims thatare notin the parel for.. \e years).
W esee thatB elgan ..1ms ramain mare e¢ dentan aerage, butthe dicerence with
P dlish.. Mmsis mudh smallerthen in the atss sectical Gasss. W e sse thatcthis madel
soaed.. cation cdelivers hiderted nialed daoy estimates. H onever; we cannotaom
pae theTE in 1995 fion Tabk 12 with the T E fian &bk 4ab sine these are
dincerentmadel sped..catias. T he T E of the three cuntries are suprisingly dose
10 eedh other and this aould be due 1o the very simp ke structure we doose Torthe
1 i+= Zie partofthe mackel

Finally we introduce ssctoral dummies(SEC T =1 if.im i isinsectorj) a6
epbataoy \arabks Torthe ed nial et daoy in adertoGpture industry sped..C
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iNneC dency erects. T hesystam exdsts ofequation (13), (14) and (15) and the results
arepresaiedinT ebk 13. W e note that these estimates are aerages oerthe periad
1995-1999.

koVie = o+ 1 b0 gt oKt " 3Q@00l D 13
+ @Kié + 5 oKk it Cicd Ui

Ugs THaEN © @ gt ()
X
i—ht  HPECT g5+ &« (15)
F1
T he subsectars in bold are those with an eboe natical aerage e¢ daxy Belin
eay autty. Tdoacmo P roducts’ is the most e dent subsscior in every auntry
and sets the bendmark® W e do notgp further into the subsectoral analysis since
wp il novwe hae assumead identical tedndloges. W e drigp this assumptian in the
lloning sectian and allov B dicerant tednologes betnean the subssctors.™®

1

43 Secora A ralsis of Tednical EC daxy

In this sectian we bdk Tor sectoal patterms Within and aacss the three countries
bessd an the aoss sectical T E estimates of 1995 and 1998.3° W e spitup the
manuctiuing sactorin 23 subsectors olbning el 4 CE 2-digtdessi. catian (see
A ppandix 3). W e aampare the sectoral pattern of T E betnean 1995 and 1998. In
aseaod stage We drip the assumptian ofidantical productiaon tednology Tareery
subsactrand e estimatie a best practice fratier at the subsector Ibvel and sugesst
an inEepreatian orte tednical (in)et dency.

431 A SecoralB leprintof T edmical EC decy

W e ..nd that the subsactoral aeragss dicervwhen we uise maceld arB, and this
dinerence is mast gpparat Tor P dand and the Czadh R gpublic W e dameen the
T Es (isingmaodel! ) fran ther respective natiaal uwveadted asrage and we éan
idntify sectars thatare sboe teratical asrage thesedeviatians are alublaied in
teBlbningvay. CE 5 i TEy )3 In1995 ve an idatify fourssctars thathae
a paitive daviatian in every auntry, the T doaco P roducts’, ‘Chemicaks’, ‘B asic
I etakb’ad 0 ¢ cell adhinery and Canputers’. T hereared ammansectars (17, 18,
20, 24, 2628, 33 3 and 36 with necative deviatias fran their respective ratiaal
aerae In1998 thareare oy three cammaon sectars with apasitive deviatian. T he
sector T doaaa P roducts” gppears 1o be the most e¢ dat sector in eedh country)
wthanaeraeTE In 1995 of&al2% , 698% and 70.37% forP dand the Czedh
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R gpublic and B elgum respectinely. W e disass the sectaral analysis in more detail
in the next sectian, Whare subsecioral fratiers are estimated at el A CE 2-digt
kel

432 Suosedoral Estimation of Tednmical ECdency Tor1995 and 199 8.

W e dip the assumptian that every subsector of the manufectiuring sector is pro
dudng underthe same tedolgy. Farthis we estimate a bestpractice frattierat
te2-dgtl A CE kel V eusethe trarshg producion funaion Toralll sstimatias.
Farsame ssctors we have Bwvdosenatias, Wwnidh makes the estimation ks rdoust
Crass sectianal frattier analysis is in itself prdolEmatic when it ames 1o haing
axsistEatestimates, When fedng Bwdosenatias this prdolam is exasarbated.

W eestimate .. kbvel tednical e dades Torevery subsector (15, ..., 37) wsing
te B &C (1992) model ad kegp ~ resstricied 1O zero since we are dealing with a
acs sadticgnal eee W e axrsider o sped.. catias, a mocel that risstricts 1 =
and another that does nothave this restrictian, modelD and madel E respectively.
T hetomersped.. catianis thesame as suggssted by P ittandl e2(1981) wherees the
Etter anddes with the madel pragpcsed by Stevarsan (1980). T hese sped.. catias
are tssted agrirst eedh other by mears of a kg kelihood ratio st sinee these
macek are nested by a inear riestriciian.2 T he nulll has 1o be rgjected Tor sectors
21,23 ad 28.

B efore we disass the resulis we have o stiess the ot that the subssctoral T E
estimates are not to be acompared betineen subsectors arwith the results fran pre
vias ssctias. A TE ofeg &% forasubsscior j iefects the aarae Eltive
tednical et daxxy within the subsector j, honever this subsector an still be mare
eCdattten asbsctorj+ | wth an aerage of 75% . T he estimatied T E gves
an indtin the reltive dicaranae in e¢ dency within eedh subbssctor of the manu
fcturing sectoy; i.e amessure of..m heterogapaty, 1Faeis intarested in knoning
whetherag\ven subsactoris mare et dantthan another; ae hes tofollbwvthe analy
Sis preseried in the pravios ssatia® . T ebke 14 presais the average estimated T E
at the subsectoral blel Tor the three countries and the overall aerage is presaried
as well’’ T he rumbers in Tabk 14 shauld be intapreted ss Ollons a reltive
hich oerall T E averace retects rather haonagaeas T E ek, althauch B elgum
..Ims are axsistaitly an aerage mae et datt(WWith exagption ofsubsectars 23 ad
30). Subsector (3H) with an oerall T E oF232% hes awide dvergenaz in ..m
T E bwek within this subsectorand foreadh country, Indeed, we see that this bw
aserae is due o the vary bvaerage of P dand and Czedh R epublic 18 568 ad
1301% respectively. T he same emark thattwes mack in praeviass sectias is still
vald herg ie. the aarace is vay sasitive 1O the prgportion of B elgan ..ims in
a (sub)sector: W e therefore dedk vhether the distribution of T Es is dicerant for

19



the three countries within every subsector by mears ofa K nuskall allis (KW ) st
Tabk 15 presats the results ofthis st

W e stiess the et thatwe paerfamed this testwithin a subsector and we dadk
whetherthe T E are distributed dicerantly in P olend Czedh R epublicand B elgum.
W e see that the distribution of T E in B eljum, P olend and Czedh R epublic of 6
subsactars are notstatistically diceratfram eedh other. T he other subbsectars” dis
tibutias are statistically doerat fran eadh other betnean the three countries.
H onever; ifnwewvnantto ampare subsectoral T E distributias aacss the three aun
tries and perfam a KW -test we see that subsectors hae sigii. antdicerattds
tributed T Es! H anever; this testis done Torthe whole maruedtuing sector: T his
resultis aquite intitively we can epaect a textik producer (17) to use a dicerait
t=dnology ten ademical..im (24).

44 Patidh diusstmenttor nalyse Convergenae of CEE Cauntries

In the treaty ofl ice 2000 a rcedmap wWes goproed that gves a potatial timing
of the (nacst early) acz=ssion of CEE auntries. Far..ims in CEEs 1o be abke o
mest the aompetitive pressure in the single market; ..ims’ e¢ dacy kel shaud
anate tonadcs e B) Bel ¢ iven this “raed map” the Burgpeen U nian setup,
itis inleresting tosee Whethar the e¢ dancy in the candidate aountries is aanverging
tonadcksteBE) Bel Inthis ssaticohweamalysewhether? dishand Czedh..ims’T E
anags totte belofB elgan. msoertime. Sinceaurtime periadis rathershart
(1995-1999), we eectto..nd guite bw sped of adjustmant parametess. W e use
the Olbning P artial A djustematt (PA )-maodel TorP olend and the Czedh R epublic
respectively

—— B
TEE TER, = .pCEx QiTEE D 19
§C §C _ ~— BB §C
TEX iTEH,, = cTET i TES D an

with the Olbningde.nitias. TE _P= Tednial E¢ daxy ofaP olish ..im i active
in subsectorj intheyeart, T E{El—TecrricalEq:dexyofap olish../m i activein
sUbsediorj intheyeart i1, TES = 4 verage T edrical E¢ dency of B elgen...ims
adtive in subseckxj in tteyeartand | = gpesd of adjustmatt paraneter (| =0
no adjustment; , =1: fully adjustmant)

Fathee riegessias we oy iee the .. ms tatare in aursampke for. \ve arssc
utive years, aeating a balenad parel T his results in 2740 P dish and 3712 Czedh
dosenatias oer .\e years. Tabke 1& rpats the resuls of the regessias Tor
P olend and the Czadh R gpublic W e see that the spead of adjustment parameter of

P olerd is highaer then the ane ofthe Czedh R epublic. Themagitudeof | is bwas
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epected and signi.. antiorboth countries. T his means thatP oish and Czedh ..1ms
are N aerae getting doserto the H) bendmark aeated by the B elgan .. ims.

H onever; the madel aboe results in an aerage caonvargenae paraneter . . W e
dip this assumptian and inroduce ime dummies (Tor the Touryears 199 61999)
and time dummies interacted with the indgpendait varicbe. T he fct tat we
hae no astait am in aur model implies that we ke all Tour dunmies and
all Tour interactian tems into the regessian. T aking the time dummies into the
regessian allons us 1O hae dicerat yearinerapts. T he PA -madel with time
dummies is rpresanted inecuatians (18) and (19) TarP olend and the CzedhR epublic
respectively.

i} i} had _ i} X
TESP - 7P = (WB i TESC YD+ ®psD (18)
ic 1 igl -Ps « 1 igl s PsUs
s=1 s=1
i} i} X . i} X
T
TEf iTEfG: = .os@F€ iTEfGODs+  @csDs (1)
s=1 s=1

T he resuls are shonn in Tabke 16, W e see that Tor both P oland and the Czedh
R epublic the results in Tabke 16 hice the dirarencs of the convertga e aacss
years. A laet datts are sigi. cantat e 1% sigi.canee bel T he anvergaee
parameter’ isalayspasitive implingthat.. imsin P olend and the CzedhiR epublic
are sttingdoertotheB elban aerage whidhitselfis diangngoertme. H onever;
te rate atwvwhidh they dois deaessing indicating a ancae time patiermn. W e see
thatP dish ..ims have an aerage ahigaerspesd ofaanvargenee and that the &Allin
the magituce of the rate is smalker than that of the Czadh ..mms. T he extersian
of the PA -madel indicates that there is indeed a heterogemeaus proasss gang an
oer time ad thus makes the smpke PA -madel epressed in equatias (16§ ad
(17) s gopealing | ofe that the goesd of adjusttmant in the Czadh R gpublic is
0.1091 in 199 6 wheress the aerage oartime in T able 1 & sugsst a paraneter of
aly 0.0305. T hese ..ndings are uite intLitive wWe eqect o ..nd thatt the rate of
anvertane deaessss oar time since itis harder 1o getdoser 1o the bend mark the
smaller the distance 1o this benxdmark becomes.

45 EBEstmatirgT P Chage in aSystem of BEoLatias.

By aombining tho existing tednigues (| oell and Kumbhakar (2000) with B &C
(1995)) we develp an empirical methoadolgy © deaompase productivity gronth
imo \arias elemants. 0 ne of thee elEmats is tednical e daxy, in tis way
we éan s how mudh e€ dency improamantts are Baded into productivity cairs.
U p il we novwe hae assumead struciured functiaal foms Tor the ine¢ dency
eectu (eg BC1992). W e inraduce a mare fedbE framenork and introduce
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asystam of epuatias where determinants of tednical ef dacy are estimated Si-
mulenecusly with the production frontier? 3 T his setup alllons s 1O apture alll
passible moemants within the inputautputspace (X ;Y ). T hatis i) keging the
fTaotierarstant, moing dosartoorLrtheranay fram the fratierretects adnange
in tednical e¢ danoy, i) kegping the fratier aastant, moving alog the harizatal
ads, redudng ar inaeesing inputs and ..nally i) a shift of the frotier itself e
tedting a dange in tedhnology artednical dance. T he seaand mowe (i) degpends
an the edoamies of sak the ..M is produdng under: T he amalysis we pursLe is
dsatanding these erects atthe .. im  bvel using the methodology sugessted ebove
(section 2.3 and 2 5) as building bbbdss.

W e use the trarskag productian Tndtion with Bbaur and apital as inputs*
W e intoduce a time trad and allovforanon neartrad ecect W e interact the
inputs with the time trad 1© allowv Tor non neutral tednical denge. Finally we
ineractthe time trend with counry dummies o alloviorcountry: sped..ctednical
dheng=s'°.

W e assume that the e dacy erectu;e is afunaion of subsectoral dummies, a
timetrend and interacted terms. W e derive the dicerattampaatts of T FP dhange
within this framenak and gve eqressias Tor the dicaatt estimated aompaatts
ofte T dange T he systam of o equatias (20) and (21), represating the
stodestic frattier praduction and the tednical inet dency erect respectinely, is
estimated in ae step using maxamum likelihood and Iodks as Tollbons

- _ 1 £ _ _ o
hyit - 0+ 1 h|. it+ 2 hKit"' E 3h|. itz + 4 hKitz + 5h|. it:hKit
— 1_ — — — —

ettt 5 7€+ gl wt+ T hKget+ ~BEL jit+ ;POL it

+_1ZB ELj+ _13PO|_ it Vic i Uic (20)
X5 X6

Ue=%h + 11 t+ H €+  £SECTH+  #SECTat+ 34 (1)
F3 ¥F6

with i the..im index tthe time index and the subbsectors within the manuctiuning
sectorare denoted by j € 4 s before we have aaompased errartaxm in the produc
tion £nalian, v is a randam ampanentthatis izt ;%% )and indgpendatofthe
iNneC day erectad the enaor &M 34, in the ssaod equation. W e allovfornan
ineartednical e¢ denoy dengss by adding € in the seaod equation. W e indude
sectoral dummies in the regressian (SE CTy) ad introduce an interactian erm
betnean the time trend and the subsectoral dummies 1 pture the subsectoral dif
raas in tednical et dencoy dhangg sincee we knowvfram the previaus section thaie
e€ dades are signifntly diraraitaacss the subsactors within the manuiecturing
sCcor.
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T heestimated aaompanais and parameters are danotledwith hats. W estress thatt
the parametersigi..ancy is ofFaurse anisste here and any signi.. cantparameters
are rebant throughaut the whoke analysis. T he estimated tednical dange (PM),
estimated tednical e¢ dencoy diance (FE M), estimated autputekbstidties (B and
kx ) ad the sak ebstiaty B=1H + btk ) are ripresented in equatias (22), (23),
(24, (25) and (26 respectively.

PMi=By+ Bt B L e B ke @)

9E Mi= 1@+ 2QI+X5£}SECT“-+ Xeh_;_}SECTij:t) @3
F3 F26

Bh.=B+Bh o K+ Bt (eZ))

K.=B+ B hKier B L e+ Bt ©5)

Be=0 + © hl gt © hKet st @9

with dovias ce.niias Torty, &, & and . | ole that the dicerat campaats
are ../ sped..cand time\arying T he eboe eressias ae in tharmatgeral
fom ad itis essily saen how these epressian sSimplifyy under dicerant parameter
rsstrictias ke eg no noneutial ednicaldene (g = ¢ =0)47 | avwe
hae a..nal epressian Torestimating the dance in ol fctor productivity under
a smulianeass trarshkg stodhestic frattier (STSF) model The denge in TP s
ce.ned in equatian (9 ) and using aboe epressias results in equation (27).

TP se= DMyt IE Mict Gie i 1) %‘:ﬁw%‘: Kit @7
with [ = hl s i Il g1 ad K= hKse i hKig 1, the rate of dange of Ebaur
ad pial respectinvely. W e anly ipart the estimated aompaatts of the T FP
dengead theT P dange itself T he produciaon Tundian estimated aoet dants
and all e +s are signi. atdicerat fiom zero ad are usad  estimate the T FP
dengg8° . Tebk 17 ilstratss the dicerencss in the (aerage) TP decompasitian
betneanB elun and CEEs. T FP gonth in CEEs .. ims is mainly due toan inaeese
in ednical dancge (ashiftupvnwaras ofthe praductiaon friatier), Wheress theB elgan
.MmsT FP gonthis abodriven by aninaessein tednicalet daxcy (amoe tonarts
te frattier). Belgan TP diange dearly exibits a dicerait pattermn, haing a
pasistae in tednical et denoy dnance alithauch ata deaessing rate.

T he scake ampaatis aquite lge orthe P olish .. ims in aamparison with thatt
ofthe Czach and B elgan ../ims. T his migtbe due 1o the size ofan aerage P dish
m. W eknowvfran TabE 2 that../im dze is- an akrage - biggerin P oland ad
thus redudng Bbaur into the praductian process an ephlin this lrgardae. In
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ater for this eplbnatian t hold an aerace P dlish ..im neads 10 produce under
deaessing retunrs tosake. T hus before we éan intarpret the scake ampaatt of
e T dange we hae 1 make inferanass ebaut the retums o sak. Tabk 18

preserts this aerace ekbstidty per auntry and peryear: T he inaessing share of
the sak anmpaaitmeans thatan aerage - and under dearessing retunns o sake
- ...Ims in the manuiacturing secior are reallocating resauness, i.e reduding Ebaur
and/ arcpital® Inthe cese of dland and the CzedhR goublicwe knonvfrom sectian
3 thataerage anplymattis deaessingoertime. Itis ageneral . .ndingthat.. ims
in CEEs underthe planned reagme sueared fian Ebaurhoarding (R olend, 2000).

5 Interpretation ofFtre R esults aad Same P oicy Impk-
catias

Inthis section we briety intexpretthe estimated ted nical e dendes cmamaegn

eral bel T he intapretation of (in)e¢ dendes goes badk 1o the anaptofl eben

sENnsX -inet daxy .. ristprgpasad in 19 65 H e stated thattthe motivetion o recuce
production asts ames primarily fiam extarmal pressure. T his bk 1o assume
that the reesas .. iIms do notmaximise pro. s is because of ecart disaetiaon. T he
viewvwss BHieran aitidsed eg Stiger (19 76§ and D emsetz (19 6) o name buta
B T he l|ter reErs 1o the ammaon practice of aamparing the real warld with en
ideal butnotedstentword o aonduce tratthe real world is (relatively) ine¢ dant
(Fdalppandt ardg 2000). I'tremairs afcttratthe very aonaptoftednicalinef

..dency amnotbe raticnalised with the took ofnecdssical theary ofthe.. mm, since
this notion viocklies aatral assumptias of eaaamic theary. H onever; treditiaal
production theary is usad 1o develyp tedniques 1 messure sudh misperfamances.

H owvto gofram here then?

A s sugested in the sectoral anabysis aboe we see the tednical e dency mea
sure rathaer as a messure of hetexageneity of the .. ims in the samp ke viokting the
assumptias mack by econanic theary. 1tis deartatifsame .. mms perfom better
then othars itcan be because they are divreratand nothamaogeneas as isimplidtly
assumed when aeattinga conman production fratiier: T heissue ofined dency than
gopears 1 be ae ofneteramety and thareiore kack o the qusstianwhy are ..ims
doerant? 0 ur intepretation of T E as a messure of heteragmeaty adnddes with
the viewputformard by the rescuree besed view ofFted oy (Fidalkp and 6 arda
2000). T his viewstaiss that tednology dicars aacss .. Ims even in the same indus
tries because .. ms usuallly passes samne resaurass and cgpabi ities whidh are unigue
and vwhidh are ighaed in the estimatian of the e dades. T his is whatwe ..nd
vhen estimating the T E atthe 2-digtl A CE bel Itis tus vaery impatat to be
anare ofthe cmman tledhnology assumptian When inierpreting the resuliis. W ithin
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this setup, estimated T E messures the reltive \valle of resaurass and gpabi kties
not dosernved ar notinduded in the model that were assumed 1t be hamageneaus
aacss ..ims. T he Eter can be interpreted es a messure of aompetitive achatage
of the ..M, althaudh restricing it o the productive ampaent 1n aur Gse this
mears that. Mmsinte BU stillhave aaompetitive achantage oer the .. mms in CEE
auntries and mare predsely apraductive advatece. H onever; gven the resulls us
ing the partial adjustmatwe see that this adverntece is becoming smallerand thus
implies that...mims in CEE are getting mare ampetitive.

6 Caxdlsem

W e aeated a aanman productian frattier for eno B -andidates (P obad ad the
Czah R gpublid and aB) aauntry (B elgum). A s eqoected B elgan ..ims setthe
bendmark and are an aarage mae (ednically) e dat ten ..mms in P olad
and the Czadh R gpublic H onever; P dish ..ims are very dose o the B elgan el
wheress Czedh ...1ms are Turtheranay fram the bendmark 4 verage ednical e -
daxy (T EBE) isaaud &% ad pdnt tothe Bcttat.. ims areEiingtobe pro.t
maximizers arasstminimizers as suggessted by neocdessical miao econamic theory/.

Ifwe estimate tednical e¢ dency atamare disaggrecaied el 2 digtl A CE)
we ..nd that there are big dic erencss betinean subsectors of the manuBatuniing sec
o W eintampreted the ted nical e dacy estimates as messures ofheterogea ty of
T Ewthin asubsector: W eidati.. ed three aomman industries (T doaasoP roduces’,
‘Chamicak’, Basicll etak’) tatare reltively e dattampared o a naticnal av
erace W hen allloning Tor repeatied dosenatias oertime we . .nd evidence Toran
inaessingT E. T he parel data resuls an. im the results suggessted in the acss sec
ticalaalsis, althaugh the Tamerare preferned because they are based an repeated
dosenatias.

U sing a partial adjustmatt madel we ..nd evidae or anvagne of the ef
~dency ek of ..ims in CEE countries tonards an B el H onever; the aon
vergae is at a deaessing rake starting o higer in P dland than in the Czedh
R epublic sugesting a ancae time patiermn of anvergence.

Canbining o exsting tedniques we develp a methodolgy of estimating a
..M and year sped...c decompasitian of total Bctor productivity into several am-
paats and estimate this. In this way we Gan put the estimated ted nical et dacy
in pergpective. W e see thatis mainly tednical dhange that drives the tolal Bcor
productivity denge Fims in BU - candidate countries are realiocating resaurnass
under deaessing retums to sak and the sake anmpaanthes an inaessing share
inNTH dange Beban T P dange dearly edibits a dicerentpatten, hainga
pasistae in tednial et denoy dange althaugh ata deaessing rate.
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N otes

W ithin this setup we albw Tor a CEE ..im 1o set the baxdmark as well s aB elgum ..m.
In this way we do not categarise ..1ms fran CEE aountries a prion as beng Ess eCdait Ina
nomal rigressian framenark ane aoud think to use country dummies, honever-these do categarise
producers by arstruction.

2See Fied | oelland Sdmidt (199 3) fora disassian on the dicerentaompanents.

A erote thata..m is tedhnical inet dertifitis underthe best practice fiatier and thatitis
tednical e¢ dattwhen itis an the frotier:

‘W e refr 1o these sped..catias as B & C(1992) and B &C(1995) respectively.

% iven that tedhnical dence is de..ned by an eppropriate parameter model and the tedhnical
ine¢ denoy erects in stodestic fratier madel are stodestic and have the sped..ed distributian.
W e incomparate this tpe of analysis in sectian 2 5.

% onaver; X is novamatrix cpturing the tao dmasias ofthe parel i.e. time and number
of producers.

W e stiess that the veotor U rers 1O the ine¢ dency enects (substracting autput fiom the
potertial autput). T he .. sped..cet day, honewer; is messured in terms of tednical e¢ denoy.

8\ e presatthe model sugoested by L ee and Sdmidt (199 3) as this gpproach shons thatane
can model timevariant tednical ine¢ dency exects and still use time inariant determinants (this
cannot be done within the framenork of treditianal panel data tedhniques as . >ed enects) T har
madel is suited Tor gpplicatias in whidh the number of ..mms is lrge and the number of time
series doseratias per..im is reltively small Sdmidtandl ee (199 3) aasidera inearproductian
fiatier: LettharebeN .mimsindexed by 1= 1; 25N and T time series dosernatians per .1,
indead by €t= 1;:T. | etyse daote the autput (in Ibgp) of ..M 1 at time €, ad X icthe
conespading vector ofinputs (in ko). A s before Vi« represants statistical ndse wherees Ukt 0
represents tedhnical ine¢ dency of a..im 1attime € T he madel in its general Torm cGan then be
written as Dllons

Vie= Ot X Qe + Viei Ue= @get X ¢ + Vie (28)
Wth@ze= O¢j Uetheineraoptiora..m fattme t A nd @« is the fiattier interaptor the
maximum pacssibe valle of® i« 1N this way they incaporated time variat tednical e¢ dency at
te.mMm kel Sdmidtand !l ee (199 3) aasider the madel in whidn @ g« = peti WHere the 1 are
paranetars o be estimated. 0 ne can see thator = 1 orall t e are in the simpke P arel D ata
madel 0 therise the tamporal pattern oftechnical ine¢ dency is amp Etely unrestricted althaugh
assumed thesametorall .. ims. T he model that these authors aansider can albo be compared o the
twwowvay aalysis of cvariance maodel that indudes both individual and time enects. T his model
hes®ge= it le

°T he anly restrictian they impasad is thattall .. ims shaud have the same patterm of dhance.

' 1n the ese of inaressing tedhnical e¢ denoy enects, we see that .. !ms have manotmically in
aessing tednical inet denoy enects inte e of ™ < (), e revarseis e if” > 0. H onever;
ane mustbearin mind thatinaessing tednical ine¢ dency enects (Uo) imply deaessing tedhnical
inet denoy estimates (9 (i o) = TEio- T hus ifthe estimation Torparaneter” is pasithve this
implies that the e¢ dency of .. IMs inaesee over time at a rate detarmined by the epaantial
function depending an (tj T).

11T His is because the tednical inet dency ez edts of dicerent.. ims atary gven time periad tare
equal o the same expaattial Tinctian (exp i " (i T)] ™ e i ©) ofthe comespading ..M
sped...cinet dency enects atthe Bstperiod ofthe parel (L1).

1 Sinae we have a rather small ime dimension in aur datla, we aould argue thatt the ardering of
..Mms” eC dency is notdnenged. H onever this can be questianed because we are dealingwith .. ims
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in transition coutries and aur parel starts atthe year 1995. A fier 1995, the trarsition proess
really todk o and itcan be expected that this process can alter the adering of .. /ms acoording 1o
thertednical inet denoy.

137 his gpproach Hllons an the pravias sectias althaudh there is a findemental dicerence in
the nay time variant tednical ine¢ dendes are macelled.

1T his sectian relies mostly an L ovell and Kumbhakar (2000) and references herain.

15T his de..nitian is acorvarttianalD ivisia index ofproductivity dhance provided we are in ascalar
autput Gase.

18/ e assume that the tedhnical e¢ dency aompananitis a functian of time L(®. T his general
representation albons s o incormparate dicarat sped.. catians (eg B attese and Coelll (1992) ad
Kumbhakar (199 0)) into curanalysis.

T his assumptian implies thatwe assume perfectaompetitian in the productmarketsince priass
are equal to margnal asts. W hen assuming the attey; the estimated total Bctor productivity
sstimates are biased ifproduct markets are imperfectly aampetitive (H alll 1988). T his assumptian
of perfect ector markets is debatsbke honever; itis just a woarking assumption often used in
anpinalwak (seeeg L evinsdn and P etrin, 2001).

B rorirstanae B attese and Ceelll (1992) sped.cation e = [0 (i 7 (ti T)]uU is an eampke
howthe ine¢ dency variabk is depending an €t H onever; we will partially overaome this prablem
by using a system of equatians where tednical ed dancy itelfis a function of diceratvarabks
thatdange oertime butno longerdirectly dgpendingan t

) ote thauch thatas we scake everything in koos this price dicrerence is Gaptured by the aastarit
tam. H onever; the producer price index may alko Gpture mangpoly ponerin the autput market

2T heproganm FRO Il TIER hes avery stringaritsetup ofthe datasetin aderforthe programm
oanae

217 o fullly compare Ebaur productivity betnwean the aountries ane neacs 1o conrect for quality
diceranas as well Sinee we arstruct a diceratt messure to aampare these auntries, we do not
o into these issues.

22\ e use estimate here and notmessure - as often used throughaut the Herature - since these
are actual estimates with stendard enrars around them. T his allloas s to make inferences abaut
te T Es. W heress detexrministic gpproadhes ke D B praduce e¢ dency messures, that are just
pantestimates (H oace and Sdmidt, 199 6.

23T his teststatistic is doteined by teking thice the dicrerence of the g ikelihood valles, and
uncertre rullhypotheses (3= ~, = ~ 5= 0) hes aA? distributian with 3 degress offiesdam.

24T his aerage is sersitive 10 the prgpartian of B elgan ... mms in the sample whidh in aureese is
mare than ae third. H onever; we alko enaauntter a bt ofvery ine¢ dentB elgan ..mms.

25T he rulll hypothesss is that the distribution of tedical e¢ decy is the same in the three
aountries.

28y ewaud like to ampare the Istperiad ofaursample (1999) with the begnning ofthe sample
(1995). H onaver; the estimatian of T E in the st year of the sampke did notaonverce. T his an
be due to the ldk ofvariation in this year:

24 e did not aeate a balbnaad parel for the years 1995-1998 because this woul introduce a
sampk sebectian bisg, thatis we wauld anly ampare the e¢ dency of .. ims that were active both
in1995 andin1998.

28] ¢is the information setattimetadast! 1 "T= ",
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2% e do nothave the Tl papulation of .. s 1o adiress the entry exitissue in TIL

) otethatherewe areable o produce estimates ©rtheyear1) 99 . T hisis because the parel data
gopraaech uses both the variatian in acss sectian and in time 1o estimate the tednical e¢ denoy.

2T he..rstgpproach results in very b T E estimates due o variass reesas. BEven ifwe supply
the pragan with starting values as to glice the maxdimum ikelhood estimatian iterative proe
dure using dicerant starting valles, the results fram the acss sectianal estimatias and varaus
aombinatias of them, the results are not roust T his is why we preferthe B &C (199 5) madel

2) Hematively ae aan indude atime variebke in steed oFdummies. W e use this gpproedh when
sstimating the total fctor praductivity dance Eteran.

=T 0 see this, note thate>p (X)) > 0 ifx< 0 and thatTEsze= 9 (i Wo)-

2T he tdbaoo praducts (16 industry hes a high and stebe demand for its products. T he
inematianal aompetition coup d with a ratherinelsstic demand cauld e lin this ..nding

%0 ne culd argLe that introdudng aountry dummiies is exactly daing this ata more agorecated
bl butthen itis no lbnger infamative o estimate tednical e¢ dengy. IFae is interested in
te fraottier country dicerencss, an 01 S regession with country dummies will do. B y estimating
e¢C daxy atthe? digth A CE Bl we an still aampare CEE .. ims reltively toaBEU benrdmark
(anly within that subsector).

=T he resuls ofthe panel data are Ess ribust o finctianal form then the acss sectianal results,
sowe base aur sectoral analysis an the atss sectianal T E estimates.

31 singlloning ce.. nitians that TE 3y is the average T E ofsector j fram aauntry N and TEy
is the natical aerae TE forauay N, with j= (15537 andN = (Poland Czedh R ep,,
B elgum).

3T he null hypothesis oF having a aonrect isstriction is tested ageinsthaving an inaonect risstric
tian the teststatistic hes o be caompared with 3841 (A? aitical value with ane degree offiresdam
acthebh sioni.cance bed.

T ’hough ane aud arg e thatassuming the same tednology over-alll subsectors and overthree
aountries is not realistic

‘T he missing sectors 15, 16 18, R and 36are better estimated with 0L S or need dicerant
starting valles Wwhidh results in very high T E estimattes of ca 099, meaning that there are no
ine¢ dengy enecks. T he T E estimates of the thiree sectors where the restriction * = 0 wWes rgjected
are based an model E.

1T he null hypothesss states that T Es are distributed the same over every subsecior: B ut just
as in atsstofoweridattif/ing restrictias, we can notiderttify whidh secton(s) is (are) causing this
hypothesis 1o be rejected. T hink of the diessical example of V erbeck (2000), ifa pub allboas you to
cetthree bears and anly pay thvg auld yau tell whidh aeis Tor free?

211 e anly repartthe adjustmantt parametess in tebks 1& and 16b.

43T his refers 1O B attese and Coeli (1995) represarttatian. T he inet danoy enect U is assumed
© be anomaltruncated varisbe With meen 1 . andvariance %%, T hemean 1, is itselfa fnction
ofvector ohvariablkes z; T his is exactly the seaond equatian in the systam of ecpatias.

H\ e use adirerentvarianitofthe trarskog produdtion inction here. T he second arderterms are
weadhted by 1=2, this simpli..es the Turther analysis.

5T his implies thatwe hae o indude the aountry dumnmies as well to antrol for auntry dicer
enass.
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46T here are 23 dizerat subsectors in the manucturing ssotor (accarding © thell A CE revil
cbssi..catian). L eaving the .. iIst subsector (15) aut o axad the dummy-tigp, this implies having
22 dummies (fran 3 1©25) and haing 22 interaction terms (flam 2610 46.

 "Exaptiorthe Boctthatve assume anay the alllocative et dency aampanentbecause we do not
hae any infomatian an the prava ing input pricess.

‘8T hare are 45 aoet derts (Torevery subsector of the manuBctuing (22) and interacted with the
time trad (22) and the aastanttamm) in the ine¢ dency madel | ecative et dants imply that
the sectoris mare et dernt than the reerence sector (15, Food P rioducts) and ifthe interacted term
is signi..cat; this mears that tednical e¢ daxy is sigi..cantly dangng oertime in thatgven
subsaector: W e do not go Turther into this, since aurmain interest lies in the dicerent compaents
ofteT PP decompasition.

4°T he produdtion nctian acet derts () and the aoet derts fiam the inet denoy madel () are
wsed tocakubEte the T FP deaompasiion. T he teble belbwshons the aoet iderts of the productian
fnctian, where Y : signi.. cant at any gpprapriate sioni. cance bvel and | : notsigi..cant
T aetdait sgii.aGait
0870 Y
-0.400
-0.048
0.029
0.015
0.190
-0.019
-0.005
-0.001
10 -0.024
11 -0.010
i’ 206
13 424

[ R I B B
© g0 n s >R
< <=T <= < <<<=<=<<

T he aoet dertts Tor Hbaur and gpital (incuding the hidher ader) are as before. Coet dants
T s and - sugoestashiftuonarcs ofthe production finctian, honever atdearessing rate oertime.
T he intarpretation of e et dents 3 and , (both inputs interacted with the time \arisbE)
an. m that Bbauris afovvariebke ad is sigii..cantly dhangng oer time wWheress epital is a
stok variebke and is retected in an insigil.cant aoet dat Fran the eboe bk itis ako dear
that the Czech R gpublic hes asigni. cant higher shiftuowarcs in the production fratier; i.e. both
aetdaets ;, ad ,, aenegative. T his resultis albo Tound when we decompase the total Bctor
productivity into i'ts varias aampanats (see tebk 17). T he bsttho aoet dents imply thatP oland
and B elgum have a higher interapt rektive to the Czech R epublic

DT hese are the summary statistics of the estimated scalke ekbstidties. T o make inkrenass ebaut
tem (CRS, DRS arlR S) we ned 10 test these variaus hypothesis.
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Tebkl: TheStrucure oftheP anel (1995-1999)

N umber ofyears in parel N umberof..mMms
Poad CzahRep. Belum Toal %

5 65 928 4315 5928 81
4 57 415 247 719 10
3 4 265 C () 300 4
2 0 265 0 266 4
1 0 78 0 78 1

Toal 746 1953 4592 7291 100

Tebk?2: Summary Statistics (<1000 eurg)

Year P olerd CzehR ep. B ebum
auput enpl L P auput enpl  LP aput enpl  LP

1995 417 896 0461 14 471 0316 57 97 05911
e 41 866 04746 14 419  0.328 58 94 0.€19
1997 455 836 05448 154 375 04097 S 94 0.685
1998 441 74 0567 147 34 04410 (& 4 o.esa
1999 404 @62 03930 157 3HAl 04595 al 93 0.6806

L P : Bbaur productivity (autput? emp) ; Exdiance rate used: EC, 2001
Tebke 3 Estimatingmodelt andB 1995 (| = &38)

D gpendantV aricbke I adelA I adelB
kY ; aetdait staxdadena aet¢dait stadadaror
IgK 05511 0.0092 -0.636 0.0&a1
(esll 0.2171 0.0098 0.4389 0.0531
oK) - - 0.0408 0.0036
G ) - - -0.1441 0.0051
oK bg - - 0.0845 0.0070
arstait (S¢! 0.0987 12 .58 0.2801
bg ikelihood -9884.5011 -9808 543

*: signi..cantat1%
Tabk4a TadniaAlECdaexcyl adkelhd (1995)

TI¢)1995 Polad CzadhRepublic Belgun 0 \erall

aerace 0.5937 0.5503 0.&b3 0.a10
median 0.5904 05498 0.621 oO0.Gea
min 0.263 0.0147 0.1053 0.0147
max 0844 0822 0.8405 0844

0 bseraias 746 1290 459 2 aas




Tebk4b: Tednical EC dexyll odelB (1995)

TIB)195 Polad CzedhRepublic Belgum 0 \verall
aseraoe 0.6880 05433 0.84% 0.18
median 0.6891 0547 tea 0621

min 0.1687 0.0054 0.1146 0.0054
max 08823 0837 08543 08823
0 bsenatias 746 1290 459 2 a38

Tabk5: I anatts of D istribution of T E Torll odelh and B (1995)

I amats P olard Czah R gpublic B ebum
A B A B A B
meen 05937 0.8798 05503 05433 0.853 0.845
varianee 0003 0.005 0.0058 0.0095 0.0051 0.0054
kurtcsis 41984 48277 6629 4608 ©&4181 54824
skenness 0140 -043@ -0.6 -05681 -09075 -05834
Teabk 6 Estimatingmadelf andB 1998 (| =706)
D gpendantV aricbke I adelA I adelB
kY ; aet dait standad enar astdait stendad enor
IgK 0547 00086 -0.62 0.0513
(esl 0.2208 0.009 2 0.2534 00484
oK) - - 0.0424 0.0032
(e D] -01093 0.0047
oK kg - - 0.0704 0.006
astait &2758 0.1091 12.4303 0.2374
g kelihoad -104 2.0 -9883.66

*: signi..cantat 1%
Tebk7a TedniaAl EC daecyl adeld (1998)

TI¢)1998 Polad CzadhRepublic Belgun 0 \erall
aeraoe 0.656 0.6854 0.6 0.6822
median 0.621 n.aa 0.683 0.646

min 0.391 0.1245 0.2182 0.1245
max 0.8319 082& 08463 08463
0 bseratias 735 1801 4H3R 706

Tebk7b: Tednical EC decyll odelB (1998)

TIB)198 Polad CzedhRepublic Belgum 0 \verall
aeraoe 0.605 05958 0.85% 0.628
median 0.681 0.626 0.8 0.670

min 0.2422 0.0&s8 0216 0.0&8
max 08748 08278 08581 08748
0 bseratias 735 1801 4H3R 706




Tebks: I anatts ofD istribuion of T E Torll adeld and B (1998)

I amats P olend Czah R gpublic B ebum
A B A B A B
mean 0.656 0.605 0654 0558 0.63% 0.G658
varianee 00020 00038 00040 0006 0.0026 0.0036
kurtcsis 73027 6878 12106 8.67Y 5.383 45218
skenness -0.0891 -0.417 -1.4570 -13133 -0.629 -0.358

Tebky: CanparingT ednical EC dacyoerT ime (1995, 1998)

I anats Polend Czah R gpublic B elgum

A B A B A B

1995 mean 0537 0.&798 05503 05433 0.6863 0.6845
varfance 0.003 0.0059 0.0058 0.0095 0.0051 0.0054

1998 mean 0.656 0.605 0.@54 0558 0.6 0.658
varfance 0.0020 0.003 00040 0.006 0.0026 0.0036

Tabk10: Resulks TEN adelC.l: O nlyCastaitTem (L= )

Yerr Sttistic Podband CzeahRep. Belgum
0 bs. 746 1291 459 2
1995 Average 0734 0.6338 0.7473
I inimum  0.1057 0.0000 0.0292
Il admum 1 08783 08856
0 bs. 728 1445 44 3
1996 Aveage 0732 0.632 0.7522
I inimum  0.1637 0.0002 026k

Il adamum 1 0873% 08913
0 bs. 722 160 4509
1997 Averagp  0.735 0.653 0.7533
I inimum  0.377 0.0019 0.0978
I adamun 0876 08584 08891
0 bs. 73 1801 45
1998 Averap 07316 0.G@31 0.7547
I inimum  0.1058 0.0019 0.1004
Il adamum 1 087G 08928
0 bs. A 1531 4527

1999 Average 07231 0.882 07534
I inimum 01431 00134 0.094
I admum 08827 08705 08937




Tabk11l: T heP roduction Fuction Coet dats oFmocel C.2

D epandantV arieblke I adelC
kY ; atdatt stendad emar
koK -0.815 0.0244
(e8! 02934 0.0230
((es39] 0.0412 0.0015
dg ) -0.1214 0.0021
IoK bg 0076 0.0030
asiat 1222 01076

kg kelhood 46308 932
*: signi..catat1%

Tabell2: Resuls TEN odelC.2: YearD ummies (L= +

P
DY

Year P olard CzehR ep. B ebum

0 verdl

Tl 0 bs. Tl 0 bs. Tl 0 bs.

TI

0 bs.

1995 0.7127 746 0.€00 1291 0.7295 4592
1996 073719 728 0.685 1446 0.7581 443
1997 0.7478 722 0.6870 1l&0 0.7&9 4509

1998 0.7%62 7 0.683 1801 0.7584 4R
1999 0.7406 734 0.623 1531 0.7684 4527

0.7100
0.7380
0.7445
0.7344
0.7483

ax)
asso
a7l
706
al2

1995-1999 0.7347 3685 0.850 7708 0.7557 2263

0.73%62

3HA026




P
Tebk13 Resulls TEN cdelC.3 SectoralD ummies (Mg =14 + 3 16*SE CTij+ &0

Sector Poad CzahRe. Belum O \verall
Food P roducts 0.726 0.6843 0.7372 0.7216

T doaam P roducts 0.8908 0.8752 089& 08930
Textiks 0.6891 0.6€57 0.7276 0.7076

W eaxingA ppaxel 0.7475 0.638 0.7510 0.7375

L eather 0.7998 0.7829 08180 08001

W od 0.647 05790 0650 0.622

Pub & Paper 0.684 0.4 0.7145 0.6864%

P ublishing & P rinting 0.783 0.83 0.7580 0.7475
Cde & P etraleum 0.648 0.880 0.880 0.8
Chemicab 0.7212 0.631 0.7&3 0.7383

R ubber & P Estic 0.70€ 0.6 0.7400 0.7110

0 therll anll etaliicll ineral 0.6681 05214 0.680 0.€08
B asicll etak 0.7095 0.893 0.7428 0.7173
Febricated | etal 0.83 05900 0.615 0.601

Il adhinery EquUipment 0.665 0.6855 07166 0.630
O¢cc Il adirery & Canputexrs 0.8870 0.8745 08920 08880
Ekbcticalll adhinery 0.652 0.a81 0.7230 0.806
RT v& Canmunicatiaon 0.600 o.eaal 0.7518 0.7065

Il edical 0.563% 04841 0.6620 05&8

I otorV ehides 0.7281 0.656 0.742 0.7181

0 ther T ranspart Equipment 0.a637 055a 0.8834 0.4
Fumiture 0.72& 0.63 0733 0.723%

R ecyding 08363 0.8145 083a&8 0868

A verace 0.678 0.84 0.7248 0.693

*: Tdoaomo P roducts (16 sets the bendmark (TE=1)

Tabk 15: Kruskall allis T estTor D istribution of T E betineen Caurtries (199 5)
Distributias of TE ... Subssctars (I A CE 2-digtiewe))

doerdgifatly 17, 20, 21, 22, 24, 25,
2627,28,29,3L, A, >
do notdirersigifcantly 19,23 3, 31, 33 37




Tabk 14 Subsectoral Tednical EC daxyll odelD |, E

S ubsector Polad CzedhR ep. B elgum 0 verall
1995 1998 1995 1998 1995 1998 1995 1998
17 0.6589 - 05316 - 0.683 - 0.6 -

19+ 0498 02434 0.3444 0.2227 05238 0533 044 0.347
20 0.&836 05891 0405 03393 0.6880 0.G@46 0.Ga41 0566
21 05291 05441 0.3H97 04053 05896 0.6 05474 05701
22 0.808 0.3 0.6&71 0494 0.7182 0.699 0.706& 0.G68382
23 0.655 056a5 0.1587 03742 0313 05123 0435 0513
24 0.86 05816 05768 0456 0.826 0.68/ 0.6%9 0.G882

25 0.5826 0.3892 0.6845 - 0418
26 0.4 0.5427 .3 - 0.6568

27 0588 0.686 0533 0.6840 0&l 071 05951 0.653
28 0.638 0.693 0532 0534 0.7059 0.6831 0.886 0.645
29 05972 - 0540 - 0.8 - 0.668

30* 05996 05576 02408 0.0992 05068 05426 0406 04718
3l 046 05827 04502 05068 063 0.68) 0543 05912
3 05574 - N O - 0.7237 - 086

#A#A 0433 0.830 02847 0503 0506 066 0446 0.6614
C3) 01856 0.804 0.1301 05872 0307 0.7087 0239 0.659
37 05120 - N O - 05729 - 0562

() 0 bsarvatians ss than 50, - : 0L S is betterornoT | esects, | 0 : no doservatians, Seeh ppendix 3 forll A CE clessi..cation.




Tebkl6x R esults ofFthe SimpEPA -l adel

Poerd CzedhR epublic

. 0.1020 0.0305
Stedad Enmar 0.009 3 0.0044
R? 0.0417 0.0128

Tabk 1. R esults ofthe Extendad PA -macEl

7
.1 22 .3 L4 R

Polad 0.1863 0.1898 0.0788 00890 0.0096

01193) 9203) €9210) (3196)
CzechRepblic 01091 00680 00428 0026  0.0487

01124) @913 @9130) € 91263)

standard enors are in parantheses
Tebkl7: A verage T FP D ecompasitian

Camry TH4 T4 TEA szak

Polad ya& 768 032 103
100 7.4 9.48 10.70

CzehRe. 1015 858 107 046
100 84.& 1056 4.58

B elgum 10.79 &0 394 o0&
100 574 3661 595

A veraged oerld) 61999, shares in italic

Tebk18: A verage, | axdmum- and il inimum Ebstidty of Scake

Cauntry 1995 VIe 1997 1998 1999

aerace 0.7833 0.7845 0.7851 0.783 0.7824
Polad max 092&t 09257 0933 0940 09457
min 05091 0495 05054 04511 05197

aerece 0.7734 07681 0.761 0.76&0 0.7&9
CzehRe. max 09750 09731 09718 09534 09517
min 0506 0.3887 04105 0460 0.387

aerace 083FH5 0836 08340 08309 08286
B elgum max 1.1068 1.1021 1043 10976 1.1054
min 0561 0545 05300 0535 05171




Figuare 1: D istribution of T E percountry in 1995
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Histograms by 0=Poland, 1 = Belgium, 2=Czeck Rep.

Figure 2: D istribution of T E percoutry in 1998
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