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ABSTRACT: Theimpactof localizationandurbanizationeconomieson regional
manufacturingdevelopmentin Poland1976-96is assessedin termsof
employmentandtheregionalconvergenceor divergenceof theeconomy. Current
researchon theroleof dynamicproductionexternalitiesin regionalmanufacturing
developmentis examined,startingwith a review of recentliteratureon thenature
of suchexternalitiesin manufacturinglocation,andhow positive externalitiesmay
influencethespatialclusteringof manufacturingindustries.Thepapershows that
radicalchangeshave occurredin patternsof Polishregionalmanufacturing
employment,bothwith regardto sectorsandregions.Transitionis refocussingthe
regionaleconomyon strongregionalcentres,andon sectorsregardedwith little
favour in theplannedeconomy.
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INTRODUCTION

Theanalysisof regionalaspectsof aneconomyin transitionfrom centralplanning
to market forceschallengesboththetheoriesandhypothesesthatmaybe
deployed,andthemethodsthatcanbeappliedto exploreandtestthemin thelight
of empiricaldata.Polandbeganearlyin hertransitionprocesses,andhasa
relatively largemanufacturingsector, despitethecontinuingimportanceof
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agriculturein occupationalterms.Both privateagriculture,andthepresenceof an
entrepreneurialsecondeconomyof increasingsizesinceat leastthe1970s
providedsourcesof market playerswilling to makeastartwhenconditions
permitted,asdid theexperiencegainedby temporaryillegal migrantsto OECD
countriesduringthe1980s,andindeedthebusinessability displayedby
surprisinglymany formerstatefirm managers.Thesefactorscontribute to the
choiceof Polandasasuitableexampleof regionalmanufacturingchangeduring
transition.

A weaknessof theoriesandhypothesesaboutregionalchangeis that
manufacturingindustryhasdominatedbothexisting andnewermodels,andis
typically betterrepresentedin official reportingthanothersectors.Despitethis
reservation,andbecauseof accessto dataon manufacturingratherthanother
sectors,attentionwill herebefocussedon regionalmanufacturingchange,rather
thanregionaleconomicchangeacrossall sectors.In thecaseof transition
economies,thismayleadto distortedconclusions,sincesectorssuchas
agricultureandservicesresponddifferentlyto transitionat theaggregatescale,
andaresubjectto differentialimpactsregionally, dependingonspecificlocal
conditions.Amongthesearetheclearlinks betweenurbanizationandgrowth in
theservicesector, andbetweenagrarianstructure,bothsizeandownership,and
developmentin agriculture.

A furtherproblemnot treatedexplicitly in thisanalysisis thatof firm size,since,
undercentralplanning,regionaldevelopment— or ratherindustrialization—
policieswereoftenpursuedby locatinglargeplantsin remoteruralareas
previously not characterizedby suchemployers.Transitionis seeingthe
restructuringanddownsizingof formerstatefirms, thevigorousgrowth of private
firms,andin somecasesthedecayandbankrupcy of statefirms unableto meet
businesschallenges.Foreigndirectinvestmentis involveddirectlyor indirectly in
restructuringstatefirms throughacquisition,andprivatefirm growth throughjoint
venturesandtheestablishmentof wholly-ownedsubsidiaries.Thesetrendsare
changingthenationalandregionaldistributionsof firm sizesradically, alsoin
manufacturingindustry. Thesameremarkalsoappliesto establishmentsizes,
with many formermonolithicstateunitsbeingrestructuredinto separatebusiness
entities,alsotradingoutsidetheir formerinstitutionalboundaries.

Within theselimitations,thisanalysisis intendedto demonstratethattransitionis
influencingbothregionalandsectoralpatternsof manufacturingemployment
changein Poland,andthatexaminationof dynamicexternalitiesbeforeand
duringtransitionmayrevealchangesof interest.It couldbefelt thatcentral
plannerscannotreasonablybecomparedwith entrepreneursin allocating
investmentby sectorandlocation,in thattheplannerswerenotdrivenby return
on investmentat thegranularityof theindividualplant,whereasentrepreneursare.
It canhowever beassumedthatthecentralplannersweretrying to optimizesome
criteria,notnecessarilyreturnon particularinvestments,but returnonplanned
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activities at somebroaderaggregation,or not infrequentlya returnmeasured
ratherin political influenceor prestige,acriterionnot foreignto mostmixed
economies.Consequently, it is assumedthathypothesesderivedundermarket
economyconditionscanbeextendedto thepre-transitionperiodbothfor thesake
of comparison,andbecausebothentrepreneursandcentralplannerscanbetaken
astrying to optimizesomeform of returnon investment.

Following abrief review of thegrowing literatureon dynamicexternalitiesand
regionalmanufacturingdevelopment,a rangeof alternative approachesto
measurementrelatedto employmentin manufacturingindustrywill bepresented
in somedetail.Thesespanfrom indicesof specialization,suchasthelocation
quotient,throughtheHirschman-Herfindahlindex of diversity, andleadon to
measuresof change,basedon traditionalshift-shareanalysis,anda rangeof
statisticaltechniques.Amongtheseareanalysisof varianceandPoisson
regressionusingoffsets,bothappliedhere,andadiscussionof furtheralternatives
for theanalysisof panelandtime seriesemploymentdata.After apresentationof
Polishmanufacturingemploymentdata,theresultsof analysisarediscussedin the
context of thetransitionprocess,anda numberof conclusionsaredrawn bothfor
policy andfor futureresearch.

EXTERNALITIES AND MANUFACTURING
DEVELOPMENT

Geographicalconcentrationin manufacturingindustrieshasattractedincreasing
attentionsincetheearly1980s,whennewerapproachesto uncertainty,
information,andcompetitiongainedfavour in economics,andempirical
phenomena,in particularthegrowth of Silicon Valley, drew attentionto the
potentialimportanceof endogenousgrowth. Thekey conceptsinvolvedinclude
increasingreturns(Romer, 1986,Krugman,1991),which in turnmayleadto path
dependency andpotentiallock-in to some,ratherthanothermultiple optima
(Arthur, 1994).

David andRosenbloom(1990)askwhy peopleandfirms tendto congregate
spatially. They explorein astylisedway Marshallianpecuniaryexternalities“that
tendto reducethepricesat whichprimaryinputscanbepurchasedasmoreand
moreof thoseinputscometo beassembledat thelocalein question”(p. 349).
They find that“the existenceof multipleequilibriain modelsof this kind, andthe
sensitivity of theultimatedynamicoutcometo smalldifferencesin initial
conditions,or to relatively smallshocks,allows realisticscopefor historical
eventsto playa role in thedynamicsof spatialsystems.Thusthesameforcesthat
promotetheagglomerationof footlooseindustriesallow thedetailsof seemingly
transientandadventitiouscircumstanceto exert anenduringinfluenceuponthe
spatialdistribution of economicactivity andpopulation”(p. 368).
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EllisonandGlaeser(1997)formaliseamodel-basedindex of concentration,based
on asequenceof profit-maximizingdecisionsmadeby individual plants:“natural
advantagesof somelocationsandindustry-specificspilloversleadplantsto cluster
together, andidiosyncraticplant-specificconsiderationsprovide the
counterbalancethatkeepstheentireindustryfrom concentratingata singlepoint”
(p. 892).Usingdatafor the50US statesat thefour-digit classificationlevel, they
reportthat446of 459industriesexaminedweremoreclusteredthanwouldbe
expectedto ariserandomly, andonly 13weremoreevenly distributed.Of the446
moreclusteredindustries,369couldbetakenasbeingsignificantlymore
clustered,while noneof the13 moreevenly distributedindustriesdiffered
significantlyfrom arandomdistribution (p. 907).Usingthree-digitindustrydata,
they find thatcounty-level concentrationis weaker thanthestate-level results,
leadingto theconclusionthatwhile within-countyspilloversarestrongerthan
nearby-countyspillovers,‘localized’ spilloversarestill quitesubstantialata range
beyondthatof counties(p. 914).

The‘spillovers’ in questionhave beenidentifiedasdynamicinformation
externalitiesof thekind referedto by David andRosenbloom(1990),andarise
from bothintendedandunintendedcommunicationsbetweeneconomicagents
over time (Hendersonetal., 1995,p. 1068).Applying thisspecificallyto growth
in cities,Glaeseretal. (1992)view “externalities(andparticularlyexternalities
associatedwith knowledgespillovers)asthe‘engineof growth’. If geographical
proximity facilitatestransmissionof ideas,thenwe shouldexpectknowledge
spilloversto beparticularlyimportantin cities” (p. 1127).Thesetwo papersopen
up a fascinatingdiscussionof two flavoursof dynamicinformationexternalities,
termedMarshall-Arrow-Romer(MAR) externalities,andJacobsexternalities.A
furthercontribution hasalsobeenmadeby Henderson(1997),usingaugmented
data.All of themusemanufacturingemploymentdataasameasurementof
activity, althoughothervariables,suchasregionalwagelevels,arealsoincluded
withoutchangingthemajorconclusions.

Staticexternalitiesareseenasbeingbasedon immediateinformationspillovers
abourcurrentmarket conditions,andmaybedividedbetweenlocalization
economies,in whichafirm benefitsfrom local firms in its own industry, and
urbanizationeconomies,whereafirm benefitsfrom thediversityof local firms
outsideits industry. Hendersonet al. describedynamicexternalitiesasdealing
“with therole of prior informationaccumulationsin thelocalareaon current
productivity andhenceemployment” (1995,p. 1068).In commonwith Glaeseret
al. (1992),they divide dynamicexternalitiesinto Marshall-Arrow-Romer
externalities,“which derive from abuildup of knowledgeassociatedwith ongoing
communicationsamonglocal firms in thesameindustry”,andJacobs
externalities,“which derive from abuildup of knowledgeor ideasassociatedwith
historicaldiversity” (p. 1068).

Theempiricalconclusionsreachedin theliteraturevary substantially, partly
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becauseof theuseof differentdataandmethods.Glaeseretal. (1992)conclude
that: “at thecity-industrylevel, specializationhurts,competitionhelps,andcity
diversityhelpsemploymentgrowth” (p. 1150),thatis thatfor theirdatasetof 170
citiesandsix two-digit industries,andcomparing1956with 1987,Jacobs
externalitiesseemto bemoreimportantthanMAR externalities.Hendersonetal.
(1995)examinedfivekey capitalgoodsindustriesat thetwo-digit level for 224
standardmetropolitanstatisticalareas,comparing1970with 1987,andfound“a
very highdegreeof persistencein employmentpatterns.While persistentregional
demandandcomparative advantageexplainsomeof this,MAR dynamic
externalitiesarecritical also” (p. 1083).They find furtherthat: “employment
growth in traditionalmanufacturingindustriesis higherin citieswith pasthigh
employmentconcentrationsin theown industry. A historyof industrialdiversity
did nothave asignificanteffecton any of thesetraditionalindustries
. . . suggestingthatJacobsexternalitiesarenot soimportantfor matureindustries”
(p. 1083).Having alsoconsideredtheroleof Jacobsexternalitiesin relationto the
high-technologysector, they concludethat: “while Jacobsexternalitiesare
importantin attractingnew industries,MAR externalities,ratherthanJacobs
externalities,areimportantfor retainingtheindustry” (p. 1084).

In asubsequentpaper, Hendersonextendsthisanalysisto examinethelag
structureof thedynamicexternalities,by employing annualdatasetsfor theyears
1977–1990for the742urbancountiesof theUSA, onceagainmodellingfive
capitalgoodsindustriesat thetwo-digit level. His intentionwasto find outhow
theimpactof MAR andJacobsexternalitiesis distributedthroughtime. The
principalfinding for thisdatasetwasthat“increasedconcentrationsof own
industryactivity appearto affect employmentlevelsfor fiveor six years
afterwards.For diversitymeasures,effectsappearto persistbeyondthesevenyear
horizonexamined”(1997,p. 469).Thiswouldappearto imply thattwo-period
studies,suchasHendersonet al. (1995)andGlaeseretal. (1992)over17 and31
yearsrespectively, would tendto pick upstrongerJacobsexternalitiesthanMAR
externalities,if theseresultscanbegeneralised.It furthersuggeststhatwhereno
suitabletime seriesof regionalmanufacturingemploymentdataareaccessible,a
periodizationto fiveor six yearperiodsshouldpermitthedynamicexternalities
effectsto bedetected.

It is naturalto wonderhow couldoneexpectdynamicexternalitiesto manifest
themselvesin a transitioneconomy, or in regionaltransitioneconomies.It is
likely thatit will bepossibleto observe tendenciesfor bothnew privatesector
manufacturingfirms andrestructuringstatefirms to adaptto market forces,
includingpotentiallybothMAR externalitiesandJacobsexternalities.It is also
likely thatnew industrieswill ‘flow’ to fill gapscreatedby centralplanning
distortions,andthatrestructuringof statefirms will bemoresuccessfulin some
settingsthanothers.As hasalreadybeenmentioned,it is unreasonableto model
centralplannersasprofit-maximizers,althoughthey canbetakenasoptimizing
someplanningfunction.Political decisionmakerscanhowever realisticallybe
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seenasattemptingto optimizea returnon influence,alsoknown asvoluntarism,a
majorfeatureof manufacturinginvestmentlocationdecisionsin Polandin the
Gierekperiodbetween1971and1980.

A tentative conclusionis thatmanufacturingemploymentcouldbeexamined
eitherovera time seriesspanningtheonsetof economictransition,or in a
sequenceof aboutfiveyearsteps,comparingthevaluesof coefficient estimated
on indicesoperationalizingMAR andJacobsexternalities.Onewouldperhapsnot
expectthepre-transitionperiodestimatesto bearsustainedinterpretation,given
theabsenceof effectively market-basedeconomicagents,but transitionperiod
estimatesmaygive insightinto theinitial locationalchoicesforming the
contemporaryregionaleconomy.

MEASURES OF MANUFACTURING EMPLOYMENT
AND ITS REGIONAL SHIFT

A sharedsimplificationis thatourconceptualdiscussionsbeganfrom
manufacturingactivity, but movedto manufacturingemploymentasthemost
convenientandcomprehensive operationalization.HaynesandDinc (1997)
discusssomewaysof circumventingdifficultiesarisingin theanalysisof change
over time,but makeuseof anaggregateddataset.Usingemploymentasan
operationalizationof activity is alsocomplicatedby thewidevarietyof methods
usedfor its measurement:annualaverage,quarterlyor monthlyaverages,or
numberemployedat thestartor closeof aperiod.Further, thenumberemployed
mayor maynotbeadjustedfor part-timeworkingand/orovertime,leadingsome
analyststo preferthenumberof hoursworkedto thenumberof employeesasa
measure.Finally, sectoralandregionalregistrationmaybemadeat thefirm or at
theplantlevel, leadingto potentialdistortionsin theclassificationof employeesof
firms with plantsin differentsectorsor differentregions.

Employmentdataformsa three-way tableof countsof personsor hours,with no
valuesunderzero.Here,ei jt is employmentin sectori in region j in yeart, where
theaggregationsto sectorsandregionscouldpossiblybemodified.Over longer
periods,it is typical thatchangesin theeconomy, andin theneedsof government
for statistics,leadto changesin sectoraldefinitions.Changesmayalsooccur
wheremergersbetweenfirms leadto thetransferof employeesfrom onesectorto
another, whenthesectoralclassificationis basedon thenew firm’schiefactivities;
thesamecanapplyto theeffect of mergerson regionaltotals.Giventhese
weaknesses,we will now proceedto review briefly anumberof indicesandother
representationsor modelsof manufacturingemployment.

Glaeseret al. (1992,p. 1140)have beencriticizedfor re-inventingthelocation
quotientasameasureof specialization,operationalizingasourceof MAR
externalities.Themeasureis:
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LQi jt � ei jt
�
e� jt

ei � t � e��� t � (1)

where � denotessummationover theindex or indicesin question:for instance
ei � t � ∑ j ei jt , ande��� t � ∑i ∑ j ei jt . In fact,it might bemoresuitableto reflecton
why asimpleindex of this kind is notmorewidely known. Anotherwell-known
measurepartitionsemploymentchangebetweentheregion’s shareof sectoral
change,andtheshift dueto factorsspecificto theregion (shift-shareanalysis).
Here,regionalshareis givenby thenationalrateof changeby sector, mutipliedby
baseyearemploymentin thatsectorin theregion:

r i jt � ei j0
ei � t
ei � 0 ; (2)

it is alsopossibleto partitionout totalnationalchangeasaseparatetermin the
regionalsharecalculation.Theremainingchangebetweenthatobservedandthe
region’s sharein sectoralchange,is its shift:

si jt � ei jt 	 r i jt 
 (3)

Thisobviously doesnotexplainwhy sectori hasperformedbetteror worsein
region j thanin theeconomyasa wholebetweenthebaseyearandyeart. It does
however show thatthishashappened.Total regionalshift is thesumof these
sectoraldifferences;this is frequentlytermedregionaldifferentialshift:

s� jt � ∑
i

si jt 
 (4)

Shift-shareanalysisis currentlyenjoying a renaissance,albeit in somewhat
modifiedformsin somecases.It is justacalculationbasedonvery simple
assumptions,but hasprovedcapableof drawing attentionto interesting
tendencies.Fingleton(1994)hasrecentlyusedit to examinethelocationof
high-technologymanufacturingin Britain, whereTownsend(1993)hasalsofound
it usefulin theinvestigationof theurban-ruralcycleof manufacturingchange.

In theUS, it hasbeenusedrecentlyby Barff andKnight (1988)to studytheNew
Englandemploymentturnaround,by Knudsen(1992b)in anextended
probabilistcform to examinemanufacturingemploymentchangein theMidwest,
andby Nissan(1992)in analysingmetropolitanandnonmetropolitanchangein
populationandpersonalincome.LoveridgeandSeltinghave reviewedthe
positionof theclassicshift-sharemodel,andfoundits performanceis in general
betterthanmoresophisticatedhomotheticspecifications(1998).Further, Rigby
(1992)hasextendedshift-shareanalysisto take accountof thefactthatregional
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shift canbeconfoundedby regionally differentialchangesin productivity by
sector, andusedit to studyannualemploymentchangein two-digit sectorsfor the
nineUS censusregions.Usingtradedatain additionto employment,Hayward
andErickson(1995)andNoponenetal. (1996)partitionchangesin regional
outputby sectorto take into accountimportsandexports,despitedifficultieswith
thedatasetsused.Finally, Knudsenetal. (1997)have usedprobabilistic
shift-shareanalysis,basedon Berzeg’s proposals(1978,1984),to assessthe
regulationistview of US employmentchangeover the1940–1989period,at the
statelevel for eightindustrydivisions.

Berzeg (1978,1984)findsthatshift-sharemodelscanreadilyberepresentedas
fixedeffectsanalysisof variancemodels,takingtherateof changeasthe
dependentvariable,andsectoralandregionaldummiesastheexplanatoryfactors.
Knudsen(1992a,cf. also1990)hasdrawn attentionto thefactthattheuseof the
analysisof varianceon a rateof change:

ei jt

ei j0
� α � βi � γ j � εi j � (5)

canberewritten, takinglogarithmsof theleft handside,as:

log � ei jt 
 � log � ei j0 
 � α � βi � γ j � εi j � (6)

with anassumedcoefficient of unity on thefirst termon theright handside,the
logarithmof thebaseyearemploymentlevel. This termis takenasapriori
informationincludedin themodel,whichassumesamultiplicative form if we
returnto thefirst notation:

ei jt � ei j0 � exp � α � βi � γ j � εi j 
�
�
 (7)

Theprior informationtermis known asanoffset,while estimationrequiresthe
useof weightsspecifiedin theform givenafterBerzeg (1978)as:

wi j � ei j0

e��� 0 � (8)

As Knudsenalsopointsoutwith somejustification,in amodelof this kind, the
individual ei jt arejust countsin a largefrequency table,andassuchoughtto be
modelledin a way thatconstrainspredictionsto non-negative numbers.A
commonlyusedrepresentationfor suchmodelsis thatof Poissonregression,
summarisedby Knudsen(1992a),anddescribedin moredetail in geographical
contexts by Flowerdew andAitkin (1982),Lovettet al. (1985),Flowerdew and
Lovett (1988),andLovettandFlowerdew (1989).Thepossibleuseof Poisson
regressionfor analysisof paneldataeconomicrelationshipsis alsomentionedin
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passingby Baltagi(1995),althoughhedevotesmuchmoreattentionto general
methodof momentsestimators,suchasthoseusedby Henderson(1997).Therole
of offsetsin Poissonregressionis describedby McCullaghandNelder(1983)as:
“a quantitative variablewhoseregressioncoefficient is known to be1” (p. 138).
Poissonmodelsarealsodescribedin VenablesandRipley (1997,p. 238–242;all
statisticalcomputationswerecarriedoutusingR, version0.62.2(Ihakaand
Gentleman,1996)).

In orderto calculatePoissonregressionregionalshift results,it is necessaryto
estimatetherestrictedmodelomitting theregionaldummyterm,usingBerzeg’s
weights(equation8):

ei jt � ei j0 � exp � α � βi � εi j 
�
 � (9)

andcalculateits residuals,summedoversectors:

s� � jt � ∑
i

ei jt 	 � ei j0 � exp � α � βi 
�
�
 (10)

It is alsoadvisableto checktheassumptionthattheoffsetvariablehasa
coefficient of unity, donebelow by estimating:

log � ei jt 
 � α � βi � ζ log � ei j0 
 � εi j � (11)

to observe theempiricalvalueof ζ. All Poissonregressionsreportedherewere
estimatedusingthelogarithmlink function.

Modelsof dynamicexternalitiesusedby Glaeseretal. (1992)andHendersonet
al. (1995)overlapagooddealwith these,but have notbeenintegrated.They
typically modelemploymentin sectori in region j at yeart asa functionof
employmentin thebaseyearei j0, of specializationin thatsector:

Si jt � ei jt

e� jt � (12)

andof anindex of sectoraldiversityin region j outsidesectori. This index is a
modifiedHirschman-Herfindahlindex, definedas:

HHI i jt � ∑
k � k �� i

S2
kjt 
 (13)

Low valuesindicategreatdiversity, highvalueslittle diversity. Themodel
estimatedis typically:
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log � ei jt 
 � α � δ1i log � ei j0 
 � δ2iSi j0 � δ3iHHI i j0 � (14)

estimatedseparatelyfor selectedsectorsi.

It is easyto seethatthismodelcanreadilybecombinedwith thePoisson
regressionshift-sharemodel(equation6), sincethelogei j0 is theoffset,andthe
specializationanddiversityindicescanbeaddedasextraexplanatoryvariables.
Interactionsbetweentheseandthesectoraldummyvariablescanalsobeadded,
giving anaugmentedPoissonregressionwith baseyearemploymentoffset,
estimatedusingBerzeg’s weights(equation8):

log � ei jt 
 � log � ei j0 
 � α � βi � γ j � δ2Si j0 � δ3HHI i j0 � φ1i � Si j0 � i 
 � φ2i � HHI i j0 � i 
 � εi j 

(15)

Beforemoving on, two furtherapplicationsof shift-shareanalysisshouldbe
mentioned.Keil (1997)hasanalysedBritish datafor 11standardregionsfor the
period1952–89usingeconometricmethodsto testto whatextenttheshift series
couldbeattributedto a rangeof models,includingrandomwalk models.He
concludesthat: “the testsfor stationarityandcointegrationof theregionalshifts
with changesin nationalemploymentsuggestthatregionalemploymentshares
will continueto changein waysthatareaccummulative andpermanent”(p. 23).
Finally, Bivand(1986)analysedNorwegianmanufacturingemploymentdatafor
19 regionsand20sectorsfor theperiod1951–82usingrecursive regressionin
orderto detectsignificantbreakpointsin shift seriesbothfor theregionsandfor
disaggregatedsectorsby region,asa testfor regionalpolicy effects.Both of these
approachesrequireaccessto timeseries,asdoesthatof Knudsenet al. (1997),
andcannotbeusedwith thePolishdatato hand.

POLISH MANUFACTURING EMPLOYMENT 1976–96

In RocznikStatystycznyWojewództw— thestatisticalyearbookfor Polish
voivodeshipspublishedby thecentralbureauof statisticsGUS,manufacturing
employmentis availablefor ninesectorsonly, before1994,whenNACEwas
introducedin Poland.After 1994,sectoraldatais notgivenin Rocznik
StatystycznyWojewództw, andwasacquireddirectly from GUS.Theregional
divisionusedis thatof the49 voivodeshipsintroducedin 1975,andto bereplaced
in 1999.

Thepublisheddataseriesfrom 1975to 1993hasgapsfor 1985and1987–1989,
before1991only recordspublic sectorfirms,andfrom 1991includesfirms
employing overfivepersons.For 1994–96,NACEdataapplyto firms employing
over threepersons,andhave beenaggregatedto approximatethestandardplanned
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economygroupingsof: fuelsandenergy (NACE � C10–11,D23,E40),basic
metals(NACE � D27) electromechanical(NACE � D28–35),chemicalproducts
(NACE � D24–5),mineralproducts(NACE � D26),woodproducts(NACE �
D20–21,D36), textiles & clothing(NACE � D17–19),food products(NACE �
D15–16),otherproducts(NACE � D22,D37).

It hasbeenchosenhereto examinefour five-yearperiods:1976–81,1981–86,
1986–91,and1991–96.Thechangesin definitionaffectingownership,size,and
theassignmentof employeesto region,andin thedefinitionof sectorsarefelt to
beunavoidable,andthebetterqualitydataclassifiedby NACE sectorsaretoo
recentto permitanalysisatpresent.It is alsoclearthatthequalityof reportinghas
variedgreatlyover thewholeperiod,notonly in theturbulentyearsof the
beginningof transition,but alsoduringcentralplanning,whenstatistical
publicationsweresubjectto censorship,leadingto possibledistortionwhere
strategically sensitive sectorswereinvolved.

Manufacturingemploymenthasdeclinedfrom 4.7million in 1976and1981to 3.1
million in 1996,asshown in Table1. Someof theincreasein woodproductsis
causedby changesin sectoraldefinitions,particularlyincludingall of D36 in
woodproducts,andothersectorsarealsoaffectedby thebreakof seriesbetween
1991and1996with thetransferto NACE.It is interestingto look atsomeof the
earlierchangestoo,particularlyfor theperiodof stagnationfrom 1981to 1986,
partly duringthestateof war, whenpolitical motivesdominatedwhatremainedof
centralplanning.In thisperiod,only thekey fuelsandenergy sector, including
coalmining,grew in employment,apartfrom otherproducts,whichseemsto have
beenusedasacatch-allfor otherwiseunclassifiableactivities. Thefirst
turnaroundsectorwasfoodproducts,with growth alreadyin the1986–91period,
continuingfirmly in 1991–96,thesecondwoodproducts,growing in 1991–96.

Concentratingon thelastof thefour five-yearperiods,1991–96,andrecalling
possibledifficultiescausedby theintroductionof NACE,we canexaminethe
regionalandsectoralpatternsof changeshown in Figure1. For otherdescriptions
of thedistribution of manufacturingemploymentin Poland,andissuesinvolvedin
transitionin Polishregions,see Węcławowicz (1996)andStryjakiewicz (1996).
Thesizesof thesymbolsindicatetherelative sizesof employmentby sectorin
1991,while their shadingsshow percentagechangeover thefiveyearperiod.The
fuelsandenergy sectoris clearlystronglyconcentratedin Katowickie, together
with voivodeshipswith open-castlignite mines.Major urbanareassee
employmentgrowth in theelectricitysupplycomponentof this sector. Basic
metalsarealsofocusedon Katowickie, Krakowskie,andLegnickie,aswouldbe
expected,with many voivodeshipsnot representedatall. Thevast
electromechanicalsectorfollows urbandensityclosely, with mostmajorcities
clearlyvisible. In chemicalandmineralproducts,rural voivodeshipswith large
1991employmentlevelshave tendedto doworsethanurbanareas,with large
stateownedcement,glass,andfertilizer plantsin trouble,while urban-focused
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privatenew entrantsin pharmaceuticals,building materialsandcosmeticsare
doingmuchbetter. Somethingof thesamecanbeseenfor woodproducts,textiles
andclothing,andfood products.Pulpmills, majortextile firms — especiallyin
Łódzkie,andsugarrefineriesin rural voidodeshipshave donepoorly, while more
agilerestructuredstatefirmsandnew entrantshave beenableto competevery
successfullywith importssincetheeconomybegangrowing in 1991–2.

Having describedthedatasetto beanalysed,we will now turn to examinethe
resultsof theapplicationof themodelsdescribedabove,bearingin mind the
weaknessesimplicit in thedataitself.

RESULTS

Webegin by checkingtheassumptionthatthecoefficient of theoffsetvariable,
thelogarithmof baseyearemployment,canbetakenasunity (equation11). From
Table2, it canbeseenthattheassumptionholdsfor all four periods,andthatboth
theoffsetvariableandthesectoraldummiescontributesignificantlyto accounting
for thedevianceof theresponsevariable.In a linearmodel,wewouldpresentan
analysisof variancetableto show thesuccessive contribution of variables,or
groupsof dummyvariables(factors),in accountingfor thevarianceof the
responsevariable,usingestimatesof theF statisticasameasure.In Poisson
regression,wespeakratherof analysisof deviance,andhave hereusedestimates
of theχ2 statisticin thesameway. Thelower partof Table2 shows thelevel of
null modelresidualdeviance,thatis thedevianceremainingafteramodelwith
justanintercepttermhasbeenestimated.Next it shows thedevianceaccounted
for by thesectoraldummies,thenthataccountedfor by thelogarithmof baseyear
employment,andfinally theresidualdeviancenotaccountedfor by themodel.It
canbeseenthatthemodelsfit very well, althoughthefit of thefirst two periodsis
betterthanthatof thelasttwo. In addition,bothfactorsarehighly significantin
accountingfor thedevianceof theresponsevariable.

On thisbasis,themodelgivenby equation9 wasestimatedfor thefour periods,
andthevoivodeshipdifferentialshiftswerecalculatedfrom its residuals,using
equation10. Thesewerethenconvertedto annualpercentagechangesin relation
to baseyearvoivodeshiptotalmanufacturingemployment,andaredisplayedin
Figure2, andshown in Tables3–6. It will berecalledfrom Table2 thatthesector
dummyonly modelsachieve very goodfits, with residualdeviancevaryingfrom
0.1%to 1.0%of null modelresidualdeviance.Nonetheless,thepatternsthatthe
residualsrevealarequiteclear, andwill becommentedon morefully below. In
addition,Fingleton’s commentsabouttheneedto testresidualsfor spatial
dependenceareclearlyjustified(1994),althoughafteraddingvariablesin
reachingtheaugmentedmodel,thisneedis reduced.

An empiricalconfirmationof thepatternsshown in the1976–81mapin Figure2,
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andin Table3 is thatthevoivodeshipswith strongerpositive shiftsarechiefly
ruralandnonmetropolitanvoivodeshipsthatwerethefocusof anactive policy of
industrializationat this time,asdescribedby Bivand(1979).Negative shiftsin
thisperiodprior to the1980birth of the“Solidarity” movementseemto be
associatedwith establisheddenseurbanareaswith manufacturingtraditionsin
sectorsnotnecessarilyat thetopof contemporarypolitical agendas.

Table4, andthecorrespondingmapin Figure2, show astagnation,with little
changefrom thepreviousperiod.Fromthelate1970s,thePolisheconomywas
plaguedwith powershortages,andthecommissioningof thelargeopen-cast
lignite-basedpower stationatBełchatów, in Piotrkowskievoivodeship,wasseen
asbeingof cardinalimportance.Theremainingregionswith highshift resultsare
all rural,nonmetropolitan,andwith stateinvestmentsin largemanufacturing
plantsin thepreceedingperiods.Employmentwasmorelikely to holdup in these
kindsof labourmarkets,with very few alternativesin aperiodof declinefor
manufacturingnationally, includingsubstantialemigrationof youngerworkers
from morecentralurbanareas.

Table5, andtheaccompanying mapin Figure2 show dramaticchangesin the
distribution of regionaldifferentialshift. It is notquitea full reversal,but mostof
thevoivodeshipswith positive shiftsin thepreceedingperiodhave gonenegative,
andtwo key metropolitanareas,WarszawskieandPoznánskie,have burstthrough
to leadpositive shift with high annualpercentagevalues.Further, Bielskieis the
locationof Fiat carassemblyplants,avery earlyforeigndirectinvestment
following up decadesof cultivationof thestateownedvehiclesector.
Voivodeshipswith positive shiftsin thispre-transitionperiodseemeitherto have
beenableto reactvery promptlyto theformal introductionof market rulesfrom
thebeginningof 1990,giving just two yearsto restructure,or morepossiblythe
figuresreflectthemove from 1986datafor public sectormanufacturing
employmentonly to 1991dataincludingthenascentprivatesector. Theseshift
resultsarevery reminiscentof theearliestfiguresfor new firm formationfor the
samevoivodeships(Bivand,1996).

Thetablefor thefinal period,Table6, andits mapin Figure2, continuesthe
turnaroundalreadyobservedbetween1976–81and1981–86on theonehand,and
1986–91on theother. However, we now seethatpositive shift is appearingnot
just in thefavouredearlystartersof PoznánskieandWarszawskie,but particularly
now in voivodeshipsneighbouringthem.Lookingat thesectoralcomponentsof
theseshift figures,it is clearthatthreesectorscontributemarkedly to these
results:foodproducts,woodproducts,andtextiles andclothing,followedby the
highly aggregatedelectromechanicalsector. Comparingtheseresultswith other
variables(Bivand,1996),we canseethatnew firm formationis clearlyrelatedto
thesepatterns,andthaton theothersideof thelabourmarket,unemploymentis
associatedwith negative shift results.Unemploymentis however alsodrivenby
changesin agriculture,in particularthecollapseof statefarms,sothatfor
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examplethesituationof Suwalskieis doublychallenging:it hasbothastrong
negative shift in manufacturingemployment,andtheeradicationof employment
on statefarms.Perhapshappily, thenumberremainingin manufacturingwasonly
17.900in 1996,sothatthepercentageratedoesnotmeanasmany jobsasit
would in a largervoivodeship.Further, thisparticularregionhasgreatpotentialin
services,in particularin tourismin its unspoiltforestsandlakes.

Having presentedtheresultsof regionaldifferentialshift analysesfor thefour
periods,we will now returnto theanalysisof dynamicexternalitiesin thecontext
of Polishmanufacturingemployment.Table7 presentstheresultsof the
estimationof theaugmentedmodel(equation15) for thefour periodsusing
Poissonregressionandthelogarithmof baseyearemploymentastheoffset
variable.This tablediffersfrom Table2 in only showing residualdeviance
following theinclusionof thenamedfactor. Thetablecanthusbereadby taking
thenull modelresidualdeviance,sayfor 1976–81112611,andthenreadingdown
thecolumnto seetheresidualdevianceremaining.In the1976–81model,the
offsetvariableandthesectoralfactoraccountfor mostof thedeviance,leaving a
residualdevianceof 131,with theregionalfactoronly achieving marginal
significance,bringingresidualdeviancedown to 66. Thedynamicexternalities
variables,bothasfactorsandin interactiontermswith thesectoralfactorarenot
significant,improving thefit of themodelvery little, andendingup with a
residualdevianceof just 48.

In thesecondperiod,theregionalfactorbecomesmoresignificant,while the
dynamicexternalitiesfactorsremaininsignificant.By 1986–91,whenaswe have
seenabove, thingsdo starthappeningin termsof regionalshift, thespecialization
factorbecomessignificantin thereductionof residualdeviance,asdo the
interactiontermsbetweenboththespecializationandsectoralfactors,andthe
diversityandthesectoralfactors.By thefinal 1991–96period,all factorsand
interactionsaresignificantwith theexceptionof thediversityfactor(prob. value
0.097).For thefirst andsecondperiods,theAkaike InformationCriteria(AIC)
valuesof theaugmentedmodelaregreaterthanthoseof therestrictedmodel
(equation9), while for the1986–91periodthevaluefor theaugmentedmodelis
AIC = 312.80,for therestrictedmodel413.06,andby thefinal period,the
augmentedmodel(AIC = 518.51)clearlyoutperformstherestrictedmodel(AIC
= 924.24).Thesemodelsthusfirstly confirmthedetectionof aclearturnaroundat
or abouttheonsetof economictransition,andsecondlysuggestthatat thesame
time factorsoperationalizedfrom dynamicexternalitiesconceptsbegin to bite in
termsof significance.

In orderto explorethis further, Poissonregressionswereestimatedfor eachsector
separatelywithout theoffsetvariable,but includingthelogarithmof baseyear
employmentamongtheexpanatoryvariables(equation14). Sincethemaximum
numberof observationswas49,andfor severalsectorswith zeroemploymentlike
basicmetals,therewerelessthan20, theresultsareprobablynotasrobustas
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thosereportedabove. In addition,regionalfixedeffectscouldnotbetreated,and
no weightswereemployed. Ignoringestimatesof thecoefficient on thelogarithm
of baseyearemployment,whichwereclusteredaroundunity, Figure3 shows the
estimationresultsobtained.Figure3 summarisesthevaluesin two dotplotsin
orderto seewhethertheperiodizationreachedabove alsoholdsfor this simple
model.As canbeseen,estimatedvaluesof thespecializationindex coefficient are
well to theright of theplot in thefirst two periods,althoughtherearedetail
differencesbeteensectors.Thispatternbeginsto breakup in thethird, 1986–91,
period,with fivesectorscrossingzero.By thefinal period,all theeightsectors
modelledhave movedinto negative territory, many quitedeeply. The
interpretationof this coefficient is thatpositive valuesassociatespecializationin
thegivensectorwith growth in employmentin thesector, MAR externalities.
Only theestimatesof thespecializationindex coefficient for electromechanical
productsandtextiles andclothingfor 1981–86arenot significant,although
significancelevelsdo vary a little otherwise.

Theseconddotplot in Figure3 providesanalogousinformationaboutthe
estimatesof thediversityindex coefficient for theseeightsectorsandfour periods.
For thefirst two periods,mostvaluesareclusteredaroundzero,with the
exceptionof basicmetals,which is positive. Thissectorcrashesout in thetwo
final periods,with stronglynegative values.Thecloudof valuesbreaksup in
1986–91,with all theothersectorsgoingpositive,but to varyingextents.In the
final period,only threesectorsstaypositive,oneis nearzero,andtheremainder
scatteredon thenegative side.Thesectorson thepositive sidearefuelsand
energy, whichmaybeassociatedwith theemploymentgrowth in energy supplyin
majorurbanareasnotedabove,woodproducts,andfoodproducts,with textiles
andclothingnow nearzero.Apart from theestimatefor thediversity index
coefficient for textiles andclothingfor 1991–96,andtheestimatesfor wood
productsfor 1976–81and1981–86,all othersaresignificant.

CONCLUSIONS

Theseconclusionsarenecessarilytentative,giventhedataused,thecoarse
sectoralandregionalaggregationused,andfinally thechoiceof thefour five-year
periodsfor examination.It is howeverunlikely thattheturnarounddetectedboth
in regionaldifferentialshift, in thesignificanceof thefactorsin theestimated
augmentedmodels,andin thesignificantsignchangesin dynamicexternalities
variablesfor eightsectorsis dueto chance,or to dataimperfections.Indeed,it
wouldbemorethanstrangeif no responseswereobservablein regional
manufacturingemploymentassociatedwith theonsetandprogressof transitionto
market relationshipsfrom centralplanning.

It maybeconcludedreasonablythattransitionis beingled by key metropolitan
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areasandtheir neighbouringvoivodeships.This is alsoamongthearguments
behindthepresentreorganizationof Poland’s regionaladministrative structure,
with theongoingintroductionof 16 self-governingregionsto replacethe49
voivodeships,whichhave nothadautonomouslocal governmentfunctions,but
have beenpartof centralgovernment.Furtheranalysisof regionalchangeusing
dataat thedistrict (powiat) level now beingintroducedwouldbemuchmore
helpful in this respect,andshouldbeundertaken in thefuture.

Analysisof dynamicexternalitiessuggeststhatUS experienceis relevantto the
transitionprocess,firstly becausethechosenindicesdoaccountfor muchof the
devianceof theresponsevariables,andsecondlybecausethechangefrom
pre-transitionpositive specializationindex coefficientsto negative,andto strongly
positive diversityindex coefficientscanreasonablybeassociatedwith transition.
Thiswould indeedcorrespondwith regionaleconomiesin whichpre-existing
specialization,operationalizingMAR externalities,ceasesto securetheretention
of existing industries,asHendersonetal. (1995)heldthatit should,all elsebeing
equal.In transitioneconomies,it seemsthatthevaluablestoreof “local
knowledge”within own sectormaylosein importancefor bewilderedmanagers
andworkers.Thiswouldalsoconformwith increasesin coefficient valueson the
diversityindex, operationalizingJacobsexternalities;it maybethattransition
createscontexts of new firm formationandstatefirm restructuringin which
almostall economicagentsareobligedto behave asthoughthey arein new
industries,for whichbothGlaeseretal. (1992)andHendersonetal. (1995)expect
Jacobsexternalitiesto bemoreimportant.While asmallworry is associatedwith
significantdynamicexternalitiescoefficientsin periodsundercentralplanning,it
maybenotedthatsectoralandregional“local knowledge”andknowledge
spilloversalsoexistedthen,andmaywell bereflectedin thespecializationindex,
althoughthey have not comeaboutthroughprofit maximizingmechanisms.

Finally, analysisindicatesfirmly thatshift-shareanalysis,usingPoisson
regression,continuesto have muchto offer for theanalysisandmodellingof
regionalmanufacturingemploymentchangeataggregatedlevelsin termsof
regionsandsectors.While it cannaturallynot tell uswhatindividual firms are
doing,it providesusefultoolsfor analysingandpresentingthecontexts within
whichdecisionsaretakenby theeconomicagentsthemselves.
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WĘCŁAWOWICZ, G. (1996),Contemporary Poland: spaceandsociety.
London:UCL Press.

19



Table1: Manufacturingemploymentby sectorin Poland,thousands,1976–1996

sector 1976 1981 1986 1991 1996
fuelsandenergy 519 567 636 562 466
basicmetals 260 247 212 178 153
electromechanical 1536 1555 1368 1077 807
chemicalproducts 327 304 272 253 229
mineralproducts 288 262 228 199 154
woodproducts 278 256 226 211 285
textiles & clothing 825 770 671 526 459
foodproducts 516 520 398 449 486
otherproducts 169 233 251 96 72
sum 4722 4716 4266 3555 3116
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Table2: Analysisof deviancefor Poissonregressionmodelsincluding only sec-
toral dummiesandexplicit offsetvariables(prob. values:*** � 0.001,** 0.001–
0.01,* 0.01–0.05).

1976-81 1981-86 1986-91 1991-96
Offsetcoefficientestimate 0.998 *** 0.962 *** 0.979 *** 1.013 ***
Null modelresidualdeviance 112611 129676 120555 92129
Sectoraldummiesdeviance 66279 *** 86163 *** 80243 *** 57347 ***
Offsetdeviance 46200 *** 43395 *** 39936 *** 33889 ***
Residualdeviance 131 118 376 892
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Table3: Percentageregional shift per yearfor 1976–81usingPoissonregression
methodsandomitting voivodeshipswith centralshift values.

Voivodeship Poissonregressionshift
35 Rzeszowskie 2.84
37 Sieradzkie 2.77
20 Legnickie 2.36
2 Bialskopodlaskie 2.32

28 Ostroł̨eckie 2.27
23 Łomżyńskie 2.16
25 Nowosądeckie 2.09
26 Olsztýnskie 2.08
16 Konińskie 2.05

. . .
10 Gdánskie -0.04
18 Krakowskie -0.21
12 Jeleniogórskie -0.40
32 Poznánskie -0.51
47 Wrocławskie -0.64
24 Łódzkie -0.69
1 Warszawskie -0.69
4 Bielskie -0.76

45 Wałbrzyskie -1.15

22



Table4: Percentageregional shift per yearfor 1981–86usingPoissonregression
methodsandomitting voivodeshipswith centralshift values.

Voivodeship Poissonregressionshift
30 Piotrkowskie 3.33
20 Legnickie 2.94
48 Zamojskie 2.92
28 Ostroł̨eckie 2.72
16 Konińskie 2.59
35 Rzeszowskie 2.58
7 Ciechanowskie 2.50

33 Przemyskie 2.40
. . .

14 Katowickie -0.06
43 Tarnowskie -0.17
45 Wałbrzyskie -0.32
8 Częstochowskie -0.34

18 Krakowskie -0.35
1 Warszawskie -0.40

12 Jeleniogórskie -0.43
24 Łódzkie -0.90
4 Bielskie -0.99
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Table5: Percentageregional shift per yearfor 1986–91usingPoissonregression
methodsandomitting voivodeshipswith centralshift values.

Voivodeship Poissonregressionshift
32 Poznánskie 4.50
1 Warszawskie 3.52
4 Bielskie 2.55

22 Lubelskie 1.64
. . .

27 Opolskie -1.63
12 Jeleniogórskie -1.63
9 Elbląskie -1.93

21 Leszczýnskie -2.27
2 Bialskopodlaskie -2.27

28 Ostroł̨eckie -2.48
6 Chełmskie -2.76

48 Zamojskie -3.09
23 Łomżyńskie -3.16
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Table6: Percentageregional shift per yearfor 1991–96usingPoissonregression
methodsandomitting voivodeshipswith centralshift values.

Voivodeship Poissonregressionshift
21 Leszczýnskie 6.95
29 Pilskie 5.28
13 Kaliskie 4.99
37 Sieradzkie 4.95
1 Warszawskie 3.10

18 Krakowskie 2.71
32 Poznánskie 2.63
26 Olsztýnskie 2.63

. . .
16 Konińskie -2.53
45 Wałbrzyskie -2.67
6 Chełmskie -3.00

34 Radomskie -3.66
12 Jeleniogórskie -3.75
33 Przemyskie -3.84
31 Płockie -4.23
42 Tarnobrzeskie -4.67
20 Legnickie -5.71
40 Suwalskie -5.88
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Table7: Analysisof deviancefor augmentedPoissonregressionmodelsincluding
sectoralandregional dummies,specializationanddiversity indices,and interac-
tion termsbetweensectoraldummiesandspecializationanddiversityindices;val-
uesindicateresidualdeviance,while the Chi-squaredsignificancetestappliesto
reductionin residualdeviancedueto the term in question(prob. values: *** �
0.001,** 0.001–0.01,* 0.01–0.05).

1976-81 1981-86 1986-91 1991-96
Null model 112611 129676 120555 92129
Sectoraldummies 131 *** 151 *** 383 *** 895 ***
Regionaldummies 66 * 68 *** 202 *** 592 ***
Specialization 66 65 195 ** 486 ***
Diversity 65 65 194 483
Sectoral:specialization 52 53 175 * 399 ***
Sectoral:diversity 48 52 151 ** 357 ***
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28



food
textiles
wood products
mineral
chemical
electromechanical
basic metals
fuels and energy

food
textiles
wood products
mineral
chemical
electromechanical
basic metals
fuels and energy

food
textiles
wood products
mineral
chemical
electromechanical
basic metals
fuels and energy

food
textiles
wood products
mineral
chemical
electromechanical
basic metals
fuels and energy

1976–81

1981–86

1986–91

1991–96

–4 –2 0 1

specialization index

food
textiles
wood products
mineral
chemical
electromechanical
basic metals
fuels and energy

food
textiles
wood products
mineral
chemical
electromechanical
basic metals
fuels and energy

food
textiles
wood products
mineral
chemical
electromechanical
basic metals
fuels and energy

food
textiles
wood products
mineral
chemical
electromechanical
basic metals
fuels and energy

1976–81

1981–86

1986–91

1991–96

–2 –1 0 1

diversity index

Figure3: Dotplotsof specializationanddiversity coefficient estimatesby sector,
1976–81to 1991–96.
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