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Abstract

Theimpactof localizationandurbanizationeconomieson regionalmanufacturingdevelopmentin Poland
1976-96is assessedin termsof employmentandtheregionalconvergenceor divergenceof theeconomy. We
examinecurrentresearchon therole of dynamicproductionexternalitiesin regionalmanufacturing
development,startingwith a review of recentliteratureon thenatureof suchexternalitiesin manufacturing
location,andhow positive externalitiesmayinfluencethespatialclusteringof manufacturingindustries.While
muchof thecurrentliteratureis focussedonUS experience,weanalysemanufacturingemploymentdatafor
Poland,in orderto exploreto whatextentconclusionsdrawn from USexperiencemayilluminatea regional
economyin transition.Theanalysisalsopaysattentionto theintegrationof a numberof differentmethodsfrom
differing traditions,from economicgeography, regionalscience,andnew economicgeography, including
locationquotients,Gini indices,shift-share,analysisof variance,Poissonregression,andPoissonregressionfor
paneldata.Wefind thatradicalchangeshave occurredin patternsof Polishregionalmanufacturingemployment,
bothwith regardto sectorsandregions.Transitionis refocussingtheregionaleconomyon strongregional
centres,andonsectorsregardedwith little favour in theplannedeconomy, suchasfood processingandwood
products,includingfurniture.

1 Intr oduction

Theanalysisof regionalaspectsof aneconomyin transitionfrom centralplanningto market forceschallenges
boththetheoriesandhypothesesthatmaybedeployed,andthemethodsthatcanbeappliedto exploreandtest
themin thelight of empiricaldata.Polandbeganearlyin hertransitionprocesses,andhasarelatively large
manufacturingsector, despitethecontinuingimportanceof agriculturein occupationalterms.Bothprivate
agriculture,andthepresenceof anentrepreneurialsecondeconomyof increasingsizesinceat leastthe1970s
providedsourcesof marketplayerswilling to makea startwhenconditionspermitted,asdid theexperience
gainedby temporaryillegalmigrantsto OECDcountriesduringthe1980s,andindeedthebusinessability
displayedby surprisinglymany formerstatefirm managers.Thesefactorscontributeto thechoiceof Polandasa
suitableexampleof regionalmanufacturingchangeduringtransition.

A weaknessof theoriesandhypothesesaboutregionalchangeis thatmanufacturingindustryhasdominatedboth
existingandnewermodels,andis typically betterrepresentedin official reportingthanothersectors.Despitethis
reservation,andbecauseof accessto dataon manufacturingratherthanothersectors,attentionwill herebe
focussedon regionalmanufacturingchange,ratherthanregionaleconomicchangeacrossall sectors.In thecase
of transitioneconomies,thismayleadto distortedconclusions,sincesectorssuchasagricultureandservices
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responddifferentlyto transitionat theaggregatescale,andaresubjectto differentialimpactsregionally,
dependingon specificlocal conditions.Amongthesearetheclearlinks betweenurbanizationandgrowth in the
servicesector, andbetweenagrarianstructure,bothsizeandownership,anddevelopmentin agriculture.

A furtherproblemnot treatedexplicitly in this analysisis thatof firm size,sinceundercentralplanningregional
development,or ratherindustrialization,policieswereoftenpursuedby locatinglargeplantsin remoterural areas
previouslynot characterizedby suchemployers.Transitionis seeingtherestructuringanddownsizingof former
statefirms, thevigorousgrowth of privatefirms,andin somecasesthedecayandbankrupcy of statefirms unable
to meetbusinesschallenges.Foreigndirectinvestmentis involveddirectlyor indirectly in restructuringstatefirms
throughacquisition,andprivatefirm growth throughjoint venturesandtheestablishmentof wholly-owned
subsidiaries.Thesetrendsarechangingthenationalandregionaldistributionsof firm sizesradically, alsoin
manufacturingindustry. Thesameremarkalsoappliesto establishmentsizes,with many formermonolithicstate
unitsbeingrestructuredinto many separatebusinessentities,alsotradingoutsidetheir formerinstitutional
boundaries.

Within theselimitations,ouranalysisis intendedto demonstratethattransitionis influencingbothregionaland
sectoralpatternsof manufacturingemploymentchangein Poland,andthatexaminationof dynamicexternalities
beforeandduringtransitionmayrevealchangesof interest.It couldbefelt thatcentralplannerscannot
reasonablybecomparedwith entrepreneursin allocatinginvestmentby sectorandlocation,in thattheplanners
werenotdrivenby returnon investmentat thegranularityof theindividualplant,whereasentrepreneursare.It
canhoweverbeassumedthatthecentralplannersweretrying to optimizesomecriteria,not necessarilyreturnon
particularinvestments,but returnon plannedactivitiesat somebroaderaggregation,or not infrequentlya return
measuredratherin political influenceor prestige,a criterionnot foreignto mostmixedeconomies.Consequently,
weassumethathypothesesderivedundermarketeconomyconditionscanbeextendedto thepre-transitionperiod
bothfor thesakeof comparison,andbecausebothentrepreneursandcentralplannerscanbetakenastrying to
optimizesomeform of returnon investment.

Following a brief review of thegrowing literatureon dynamicexternalitiesandregionalmanufacturing
development,wewill presentin somedetaila rangeof alternativeapproachesto measurementrelatedto
employmentin manufacturingindustry. Thesespanfrom indicesof specialization,suchasthelocationquotient,
throughtheHirschman-Herfindahlindex of diversity, andleadon to measuresof change,basedon traditional
shift-shareanalysis,anda rangeof statisticaltechniques.Amongtheseareanalysisof varianceandPoisson
regressionusingoffsets,bothappliedhere,anda discussionof furtheralternativesfor theanalysisof paneland
timeseriesemploymentdata.After a presentationof Polishmanufacturingemploymentdata,theresultsof
analysisarediscussedin thecontext of thetransitionprocess,anda numberof conclusionsaredrawn bothfor
policy andfor futureresearch.

2 Externalities and manufacturing development

Geographicalconcentrationin manufacturingindustrieshasattractedincreasingattentionsincetheearly1980s,
whennewerapproachesto uncertainy, information,andcompetitiongainedfavour in economics,andempirical
phenomena,in particularthegrowth of SiliconValley, drew attentionto thepotentialimportanceof endogenous
growth. Thekey conceptsinvolvedincludeincreasingreturns(Romer, 1986,Krugman,1991),which in turn lead
to pathdependency andpotentiallock-in to some,ratherthanothermultiple optima(Arthur, 1994).

David andRosenbloom(1990)askwhy peopleandfirms tendto congregatespatially. They explorein a stylised
wayMarshallianpecuniaryexternalities“that tendto reducethepricesat whichprimaryinputscanbepurchased
asmoreandmoreof thoseinputscometo beassembledat thelocalein question”(p. 349).They find that“the
existenceof multipleequilibriain modelsof this kind, andthesensitivity of theultimatedynamicoutcometo
smalldifferencesin initial conditions,or to relatively smallshocks,allows realisticscopefor historicaleventsto
playa role in thedynamicsof spatialsystems.Thusthesameforcesthatpromotetheagglomerationof footloose
industriesallow thedetailsof seeminglytransientandadventitiouscircumstanceto exertanenduringinfluence
uponthespatialdistributionof economicactivity andpopulation”(p. 368).

EllisonandGlaeser(1997)formalisea model-basedindex of concentration,basedona sequenceof
profit-maximizingdecisionsmadeby individualplants:“naturaladvantagesof somelocationsand
industry-specificspilloversleadplantsto clustertogether, andidiosyncraticplant-specificconsiderationsprovide
thecounterbalancethatkeepstheentireindustryfrom concentratingat asinglepoint” (p. 892).Usingdatafor the
50US statesat thefour-digit classificationlevel, they reportthat446of 459industriesexaminedweremore
clusteredthanwouldbeexpectedto ariserandomly, andonly 13 weremoreevenlydistributed.Of the446more
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clusteredindustries,369couldbetakenasbeingsignificantlymoreclustered,while noneof the13 moreevenly
distributedindustriesdifferedsignificantlyfrom a randomdistribution (p. 907).Usingthree-digitindustrydata,
they find thatcounty-level concentrationis weaker thanthestate-level results,leadingto theconclusionthatwhile
within-countyspilloversarestrongerthannearby-countyspillovers,‘localized’ spilloversarestill quite
substantialata rangebeyondthatof counties(p. 914).

The‘spillovers’ in questionhavebeenidentifiedasdynamicinformationexternalitiesof thekind referedto by
David andRosenbloom(1990),andarisefrom bothintendedandunintendedcommunicationsbetweeneconomic
agentsover time (Hendersonetal., 1995,p. 1068).Applying thisspecificallyto growth in cities,Glaeseret al.
(1992)view “externalities(andparticularlyexternalitiesassociatedwith knowledgespillovers)asthe‘engineof
growth’. If geographicalproximity facilitatestransmissionof ideas,thenweshouldexpectknowledgespillovers
to beparticularlyimportantin cities” (p. 1127).Thesetwo papersopenup a fascinatingdiscussionof two
flavoursof dynamicinformationexternalities,termedMarshall-Arrow-Romerexternalities,andJacobs
externalities.A furthercontributionhasalsobeenmadeby Henderson(1997),usingaugmenteddata.All of them
usemanufacturingemploymentdataasameasurementof activity, althoughothervariables,suchasregionalwage
levels,arealsoincludedwithoutchangingthemajorconclusions.

Staticexternalitiesareseenasbeingbasedon immediateinformationspilloversabourcurrentmarketconditions,
andmaybedividedbetweenlocalizationeconomies,in which a firm benefitsfrom local firms in its own industry,
andurbanizationeconomies,wherea firm benefitsfrom thediversityof local firms outsideits industry.
Hendersonet al. describedynamicexternalitiesasdealing“with therole of prior informationaccumulationsin
thelocalareaon currentproductivity andhenceemployment” (1995,p. 1068).In commonwith Glaeseret al.
(1992),they dividedynamicexternalitiesinto Marshall-Arrow-Romerexternalities,“which derive from abuildup
of knowledgeassociatedwith ongoingcommunicationsamonglocal firms in thesameindustry”,andJacobs
externalities,“which derive from a buildupof knowledgeor ideasassociatedwith historicaldiversity” (p. 1068).

Theempiricalconclusionsreachedin theliteraturevary substantially, partlybecauseof theuseof differentdata
andmethods.Glaeseret al. (1992)concludethat: “at thecity-industrylevel, specializationhurts,competition
helps,andcity diversityhelpsemploymentgrowth” (p. 1150),thatis thatfor their datasetof 170citiesandsix
two-digit industries,andcomparing1956with 1987,Jacobsexternalitiesseemto bemoreimportantthanMAR
externalities.Hendersonet al. (1995)examinedfivekey capitalgoodsindustriesat thetwo-digit level for 224
standardmetropolitanstatisticalareas,comparing1970with 1987,andfound“a veryhigh degreeof persistence
in employmentpatterns.While persistentregionaldemandandcomparativeadvantageexplainsomeof this,
MAR dynamicexternalitiesarecritical also” (p. 1083).They find furtherthat: “employmentgrowth in traditional
manufacturingindustriesis higherin citieswith pasthighemploymentconcentrationsin theown industry. A
historyof industrialdiversitydid not haveasignificanteffectonany of thesetraditionalindustries. . .suggesting
thatJacobsexternalitiesarenot soimportantfor matureindustries”(p. 1083).Having alsoconsideredtherole of
Jacobsexternalitiesin relationto thehigh-technologysector, they concludethat: “while Jacobsexternalitiesare
importantin attractingnew industries,MAR externalities,ratherthanJacobsexternalities,areimportantfor
retainingtheindustry” (p. 1084).

In asubsequentpaper, Hendersonextendsthis analysisto examinethelagstructureof thedynamicexternalities,
by employing annualdatasetsfor theyears1977–1990for the742urbancountiesof theUSA, onceagain
modellingfivecapitalgoodsindustriesat thetwo-digit level. His intentionwasto find out how theimpactof
MAR andJacobsexternalitiesis distributedthroughtime. Theprincipalfinding for this datasetwasthat
“increasedconcentrationsof own industryactivity appearto affectemploymentlevelsfor fiveor six years
afterwards.For diversitymeasures,effectsappearto persistbeyondthesevenyearhorizonexamined”(1997,p.
469).This wouldappearto imply thattwo-periodstudies,suchasHerndersonetal. (1995)andGlaeseretal.
(1992)over17 and31 yearsrespectively, would tendto pick up strongerJacobsexternalitiesthanMAR
externalities,if theseresultscanbegeneralised.It furthersuggeststhatwhereno suitabletimeseriesof regional
manufacturingemploymentdataareaccessible,a periodizationto fiveor six yearperiodsshouldpermitthe
dynamicexternalitieseffectsto bedetected.

It is naturalto wonderhow couldoneexpectdynamicexternalitiesto manifestthemselvesin a transitioneconomy,
or in regionaltransitioneconomies.It is likely thatit will bepossibleto observetendenciesfor bothnew private
sectormanufacturingfirmsandrestructuringstatefirms to adaptto market forces,includingpotentiallyboth
MAR externalitiesandJacobsexternalities.It is alsolikely thatnew industrieswill ‘flow’ to fill gapscreatedby
centralplanningdistortions,andthatrestructuringof statefirms will bemoresuccessfulin somesettingsthan
others.As hasalreadybeenmentioned,it is unreasonableto modelcentralplannersasprofit-maximizers,
althoughthey canbetakenasoptimizingsomeplanningfunction.Political decisionmakerscanhowever
realisticallybeseenasattemptingto optimizea returnon influence,alsoknown asvoluntarism,a majorfeatureof
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manufacturinginvestmentlocationdecisionsin Polandin theGierekperiodbetween1971and1980.

A tentativeconclusionis thatmanufacturingemploymentcouldbeexaminedeitherovera time seriesspanning
theonsetof economictransition,or in asequenceof aboutfiveyearsteps,comparingthevaluesof coefficient
estimatedon indicesoperationalizingMAR andJacobsexternalities.Onewould perhapsnot expectthe
pre-transitionperiodestimatesto bearsustainedinterpretation,giventheabsenceof effectively market-based
economicagents,but transitionperiodestimatesmaygive insightinto theinitial locationalchoicesforming the
contemporaryregionaleconomy.

3 Measuresof manufacturing employment

A sharedsimplificationis thatourconceptualdiscussionsbeganfrom manufacturingactivity, but movedto
manufacturingemploymentasthemostconvenientandcomprehensiveoperationalization.HaynesandDinc
(1997)discusssomewaysof circumventingdifficultiesarisingin theanalysisof changeover time,but makeuse
of anaggregateddataset.Usingemploymentasanoperationalizationof activity is alsocomplicatedby thewide
varietyof methodsusedfor its measurement:annualaverage,quarterlyor monthlyaverages,or numberemployed
at thestartor closeof a period.Further, thenumberemployedmayor maynot beadjustedfor part-timeworking
and/orovertime,leadingsomeanalyststo preferthenumberof hoursworkedto thenumberof employeesasa
measure.Finally, sectoralandregionalregistrationmaybemadeat thefirm or at theplantlevel, leadingto
potentialdistortionsin theclassificationof employeesof firmswith plantsin differentsectorsor differentregions.

Employmentdataformsa three-waytableof countsof personsor hours,with novaluesunderzero.Here,ei jt is
employmentin sectori in region j in yeart, wheretheaggregationsto sectorsandregionscouldpossiblybe
modified.Over longerperiods,it is typical thatchangesin theeconomy, andin theneedsof governmentfor
statistics,leadto changesin sectoraldefinitions.Changesmayalsooccurwheremergersbetweenfirms leadto the
transferof employeesfrom onesectorto another, whenthesectoralclassificationis basedon thenew firm’schief
activities; thesamecanapplyto theeffectof mergersonregionaltotals.Giventheseweaknesses,wewill now
proceedto review briefly a numberof indicesandotherrepresentationsor modelsof manufacturingemployment.

Glaeseret al. (1992,p. 1140)havebeencriticizedfor re-inventingthelocationquotientasa measureof
specialization,operationalizingasourceof MAR externalities.Themeasureis:

LQi jt �
ei jt

�
e� jt

ei � t
�
e��� t � (1)

where � denotessummationover theindex or indicesin question:for instanceei � t � ∑ j ei jt , ande��� t � ∑i ∑ j ei jt .
In fact,it might bemoresuitableto reflecton why a simpleindex of this kind is not morewidely known. In
additionto thelocationquotient,theGini coefficient:

Giniit � 0 � 5∑
j

	
ei jt

�
e� jt 
 ei � t

�
e��� t

	
� (2)

cangiveaneconomy-widepictureof distributionby unit of analysis,beingbasedon thesameratios.

Anotherwell-known measurepartitionsemploymentchangebetweentheregion’sshareof sectoralchange,and
theshift dueto factorsspecificto theregion(shift-shareanalysis).Here,regionalshareis givenby thenational
rateof changeby sector, mutipliedby baseyearemploymentin thatsectorin theregion:

r i jt � ei j0
ei � t
ei � 0 ; (3)

it is alsopossibleto partitionout total nationalchangeasaseparatetermin theregionalsharecalculation.The
remainingchangebetweenthatobservedandtheregion’ssharein sectoralchange,is its shift:

si jt � ei jt 
 r i jt � (4)

Thisobviouslydoesnot explainwhy sectori hasperformedbetteror worsein region j thanin theeconomyasa
wholebetweenthebaseyearandyeart. It doeshowevershow thatthis hashappened.Total regionalshift is the
sumof thesesectoraldifferences;this is frequentlytermedregionaldifferentialshift:
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s� jt � ∑
i

si jt � (5)

Shift-shareanalysisis currentlyenjoying a renaissance,albeitin somewhatmodifiedformsin somecases.It is
justa calculationbasedon verysimpleassumptions,but hasprovedcapableof drawing attentionto interesting
tendencies.Fingleton(1994)hasrecentlyusedit to examinethelocationof high-technologymanufacturingin
Britain, whereTownsend(1993)hasalsofoundit usefulin theinvestigationof theurban-ruralcycleof
manufacturingchange.

In theUS, it hasbeenusedrecentlyby Barff andKnight (1988)to studytheNew Englandemployment
turnaround,by Knudsen(1992b)in anextendedprobabilistcform to examinemanufacturingemploymentchange
in theMidwest,andby Nissan(1992)in analysingmetropolitanandnonmetropolitanchangein populationand
personalincome.Further, Rigby (1992)hasextendedshift-shareanalysisto take accountof thefactthatregional
shift canbeconfoundedby regionallydifferentialchangesin productivity by sector, andusedit to studyannual
employmentchangein two-digit sectorsfor thenineUS censusregions.Usingtradedatain additionto
employment,HaywardandErickson(1995)andNoponenet al. (1996)partitionchangesin regionaloutputby
sectorto take into accountimportsandexports,despitedifficultieswith thedatasetsused.Finally, Knudsenetal.
(1997)haveusedprobabilisticshift-shareanalysis,basedon Berzeg’sproposals(1978,1984),to assessthe
regulationistview of US employmentchangeover the1940–1989period,at thestatelevel for eightindustry
divisions.

Berzeg (1978,1984)findsthatshift-sharemodelscanreadilyberepresentedasfixedeffectsanalysisof variance
models,takingtherateof changeasthedependentvariable,andsectoralandregionaldummiesastheexplanatory
factors.BuckandAtkins (1983)havealso,independentlyof Berzeg, shown how theanalysisof variancecanbe
usedto examinethesignificanceof sectoralandregionalchangesin employment,andit is their versionthatwill
beusedbelow. Definingpercentagechangeas

yi j � 100� ei jt

ei j0

 1� (6)

for givenbaseyearandt, they model

yi j � α  βi  γ j  εi j � (7)

weightingwith wi j � ei jt
e� jt

, againfor givent; weightsareneededbecauseratesof changearetypically largerfor
smallei jt . Fromthis, they derivea compositioncomponent,relatingemploymentchangein theregion to sectoral
factors:

Cj � ∑
i

� wi j 
 � ei � t
e��� t ��� βi � (8)

Finally, thegrowth componentis:

G j � γ j 
 ∑
j

γ j
e� jt

e��� t � (9)

Berzeg’sapproachis essentiallysimilar, but usesdifferentweights:

wi j �
ei j0

e��� 0 � (10)

andinterpretsthecoefficientestimatesof thesectoralandregionaldummyvariablesdirectly.

Knudsen(1992a,cf. also1990)hasdrawn attentionto thefactthattheuseof theanalysisof varianceon a rateof
change:

ei jt

ei j0
� α  βi  γ j  εi j � (11)

canberewritten, takinglogarithmsof theleft handside,as:
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log � ei jt � � log � ei j0 �� α  βi  γ j  εi j � (12)

with anassumedcoefficientof unity on thefirst termon theright handside,thelogarithmof thebaseyear
employmentlevel. This termis takenasa priori informationincludedin themodel,which assumesa
multiplicativeform if wereturnto thefirst notation:

ei jt � ei j0 � exp � α  βi  γ j  εi j ����� (13)

Theprior informationtermis known asanoffset,while estimationrequirestheuseof weightsspecifiedin the
form givenafterBerzeg (1978)above.

As Knudsenalsopointsoutwith somejustification,in amodelof thiskind, theindividualei jt arejustcountsin a
largefrequency table,andassuchoughtto bemodelledin a way thatconstrainspredictionsto non-negative
numbers.A commonlyusedrepresentationfor suchmodelsis thatof Poissonregression,summarisedby
Knudsen(1992a),anddescribedin moredetail in geographicalcontextsby Flowerdew andAitkin (1982),Lovett
etal. (1985),Flowerdew andLovett (1988),andLovettandFlowerdew (1989).Thepossibleuseof Poisson
regressionfor analysisof paneldataeconomicrelationshipsis alsomentionedin passingby Baltagi(1995),
althoughhedevotesmuchmoreattentionto generalmethodof momentsestimators,suchasthoseusedby
Henderson(1997).Theroleof offsetsin Poissonregressionis describedby McCullaghandNelder(1983)as:“a
quantitativevariablewhoseregressioncoefficient is known to be1” (p. 138).Poissonmodelsarealsodescribed
in VenablesandRipley (1997,p. 238–242)1.

In orderto calculatePoissonregressionregionalshift results,it is necessaryto estimatetherestrictedmodel
omitting theregionaldummyterm,usingBerzeg’sweights(equation10):

ei jt � ei j0 � exp � α  βi  εi j ��� � (14)

andcalculateits residuals,summedoversectors:

s� � jt � ∑
i

ei jt 
 � ei j0 � exp � α  βi ����� (15)

It is alsoadvisableto checktheassumptionthattheoffsetvariablehasacoefficientof unity, donebelow by
estimating:

log � ei jt � � α  βi  ζ log � ei j0 �� εi j � (16)

to observetheempiricalvalueof ζ. All Poissonregressionsreportedherewereestimatedusingthelogarithmlink
function.

Modelsof dynamicexternalitiesusedby Glaeseret al. (1992)andHendersonetal. (1995)overlapa gooddeal
with these,but havenot beenintegrated.They typically modelemploymentin sectori in region j atyeart asa
functionof employmentin thebaseyearei j0, of specializationin thatsector:

Si jt �
ei jt

e� jt � (17)

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

HHI i jt � ∑
k � k �� i

S2
kjt � (18)

Low valuesindicategreatdiversity, highvalueslittle diversity. Themodelestimatedis typically:

logei jt � α  δ1i logei j0  δ2iSi j0  δ3iHHIi j0 � (19)

1All statisticalcomputationswerecarriedout usingR, version0.62.2(IhakaandGentleman,1996)
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estimatedseparatelyfor selectedsectorsi.

It is easyto seethatthis modelcanreadilybecombinedwith thePoissonregressionshift-sharemodel(equation
12),sincethelogei j0 is theoffset,andthespecializationanddiversityindicescanbeaddedasextraexplanatory
variables.Interactionsbetweentheseandthesectoraldummyvariablescanalsobeadded,giving anaugmented
Poissonregressionwith baseyearemploymentoffset,estimatedusingBerzeg’sweights(equation10):

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 � (20)

Beforemoving on, two furtherapplicationsof shift-shareanalysisshouldbementioned.Keil (1997)hasanalysed
British datafor 11 standardregionsfor theperiod1952–89usingeconometricmethodsto testto whatextentthe
shift seriescouldbeattributedto a rangeof models,includingrandomwalk models.He concludesthat: “the tests
for stationarityandcointegrationof theregionalshiftswith changesin nationalemploymentsuggestthatregional
employmentshareswill continueto changein waysthatareaccummulativeandpermanent”(p. 23). Finally,
Bivand(1986)analysedNorwegianmanufacturingemploymentdatafor 19 regionsand20 sectorsfor theperiod
1951–82usingrecursiveregressionin orderto detectsignificantbreakpointsin shift seriesbothfor theregions
andfor disaggregatedsectorsby region,asa testfor regionalpolicy effects.Bothof theseapproachesrequire
accessto timeseries,asdoesthatof Knudsenetal. (1997),andcannotbeusedwith thePolishdatato hand.

Theusesto which themodelsto beestimated:regionaldifferentialshift (equation5, BuckandAtkins’ growth
component(equation9), offsetchecksfor Poissonregressionmodelling(equation16),Poissonregressionshift
(equation15), theaugmentedPoissonregressionmodelincludingspecializationanddiversityvariables(equation
20),andfinally sectorestimatesof specializationanddiversitycoefficientsusingPoissonregression(equation
19),will becoveredafterwehave introducedthedatasetto beanalysed.

4 Polish manufacturing employment1976–96
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Figure1: Voivodeshipsby identifyingnumber;seeTable1 for names.

In RocznikStatystycznyWojewództw, manufacturingemploymentis availablefor ninesectorsonly, before1994,
whenNACE wasintroducedin Poland.After 1994,sectoraldatais not givenin RocznikStatystyczny
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Table1: Totalmanufacturingemploymentby voivodeship,thousands,1976–1996.

Voivodeship 1976 1981 1986 1991 1996
1 Warszawskie 306.9 294.2 250.4 244.0 247.4
2 Bialskopodlaskie 15.3 16.6 14.7 10.7 9.4
3 Białostockie 59.5 62.9 57.8 45.6 39.4
4 Bielskie 161.5 150.1 120.9 112.3 95.5
5 Bydgoskie 137.4 135.2 124.9 110.5 105.8
6 Chełmskie 19.9 19.5 17.6 12.8 10.0
7 Ciechanowskie 22.4 24.1 23.1 19.6 19.1
8 Częstochowskie 111.3 107.5 90.8 66.5 62.1
9 Elbląskie 41.4 42.6 39.8 30.5 31.2

10 Gdánskie 157.4 154.6 138.6 117.0 108.5
11 Gorzowskie 51.3 50.2 44.5 39.5 38.0
12 Jeleniogórskie 100.3 93.8 78.9 57.3 38.1
13 Kaliskie 83.6 83.9 75.6 58.9 67.2
14 Katowickie 820.5 855.6 823.1 669.7 559.6
15 Kieleckie 149.5 145.8 128.5 98.0 77.5
16 Konińskie 37.9 42.5 44.8 37.5 27.1
17 Koszalínskie 36.7 38.5 35.2 29.1 30.0
18 Krakowskie 148.6 143.8 122.0 102.1 100.2
19 Krośniénskie 54.0 57.7 53.2 42.7 35.8
20 Legnickie 69.4 75.2 75.8 63.0 34.6
21 Leszczýnskie 27.6 28.9 27.1 21.1 27.4
22 Lubelskie 95.9 99.0 94.7 86.6 67.9
23 Łomżyńskie 16.9 17.9 16.1 11.4 12.7
24 Łódzkie 274.8 249.6 195.5 148.9 124.2
25 Nowosądeckie 47.2 50.7 47.3 36.1 30.0
26 Olsztýnskie 55.3 59.1 55.3 46.0 51.2
27 Opolskie 142.1 139.3 127.6 96.3 81.7
28 Ostroł̨eckie 22.7 24.7 24.8 18.9 18.0
29 Pilskie 38.7 40.1 36.1 31.6 38.0
30 Piotrkowskie 86.5 85.1 86.7 71.2 52.6
31 Płockie 49.6 52.8 49.3 43.3 28.0
32 Poznánskie 148.6 142.3 123.5 131.1 135.0
33 Przemyskie 28.3 29.4 28.6 22.4 16.6
34 Radomskie 84.1 85.1 79.2 66.6 46.0
35 Rzeszowskie 73.9 83.1 81.5 68.4 56.4
36 Siedleckie 39.8 41.3 39.0 34.3 30.3
37 Sieradzkie 31.6 34.1 31.1 23.9 26.3
38 Skierniewickie 41.0 38.9 33.8 27.1 24.8
39 Słupskie 36.4 38.1 34.7 28.5 28.8
40 Suwalskie 27.3 28.3 27.0 23.1 17.9
41 Szczecínskie 100.1 101.5 92.1 77.0 72.0
42 Tarnobrzeskie 67.2 71.2 65.2 53.9 36.5
43 Tarnowskie 67.9 69.0 58.7 55.0 48.9
44 Toruńskie 74.3 75.2 66.8 58.1 57.5
45 Wałbrzyskie 157.7 144.3 123.8 93.1 64.8
46 Włocławskie 33.9 35.7 33.3 28.9 24.6
47 Wrocławskie 155.1 147.3 127.4 102.8 90.2
48 Zamojskie 27.9 27.2 26.5 19.4 18.5
49 Zielonogórskie 85.5 83.1 73.8 63.6 53.5
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Województw, andwasacquireddirectly from Główny UrządStatystyczny. Theregionaldivisionusedis thatof
the49 voivodeshipsintroducedin 1975,anddueto bereplacedin 1999;they areshown in Figure1, anda key to
their namesin Table1.

Table2: 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

Thepublisheddataseriesfrom 1975to 1993hasgapsfor 1985and1987–1989,before1991only recordspublic
sectorfirms,andfrom 1991includesfirmsemploying overfivepersons.For 1994–96,NACE dataapplyto firms
employing over threepersons,andhavebeenaggregatedto approximatethestandardplannedeconomygroupings
of: fuelsandenergy (NACE � C10–11,D23,E40),basicmetals(NACE � D27)electromechanical(NACE �
D28–35),chemicalproducts(NACE � D24–5),mineralproducts(NACE � D26),woodproducts(NACE �
D20–21,D36), textiles& clothing(NACE � D17–19),foodproducts(NACE � D15–16),otherproducts(NACE
� D22,D37).

It hasbeenchosenhereto examinefour five-yearperiods:1976–81,1981–86,1986–91,and1991–96.The
changesin definitionaffectingownership,size,andtheassignmentof employeesto region,andin thedefinitionof
sectorsarefelt to beunavoidable,andthebetterqualitydataclassifiedby NACEsectorsaretoo recentto permit
analysisat present.It is alsoclearthatthequality of reportinghasvariedgreatlyover thewholeperiod,not only
in theturbulentyearsof thebeginningof transition,but alsoduringcentralplanning,whenstatisticalpublications
weresubjectto censorship,leadingto possibledistortionwherestrategically sensitivesectorswereinvolved.

Manufacturingemploymenthasdeclinedfrom 4.7million in 1976and1981to 3.1million in 1996,asshown in
Table2. Someof theincreasein woodproductsis causedby changesin sectoraldefinitions,particularlyincluding
all of D36 in woodproducts,andothersectorsarealsoaffectedby thebreakof seriesbetween1991and1996
with thetransferto NACE.It is interestingto look at someof theearlierchangestoo,particularlyfor theperiodof
stagnationfrom 1981to 1986,partly duringthestateof war, whenpolitical motivesdominatedwhatremainedof
centralplanning.In this period,only thekey fuelsandenergy sector, includingcoalmining,grew in employment,
apartfrom otherproducts,which defiesreasonableinterpretation,andseemsto havebeenusedasacatch-allfor
otherwiseunclassifiableactivities. Thefirst turnaroundsectorwasfoodproducts,with growth alreadyin the
1986–91period,continuingfirmly in 1991–96,thesecondwoodproducts,growing in 1991–96.

Concentratingon thelastof thefour five-yearperiods,1991–96,andrecallingpossibledifficultiescausedby the
introductionof NACE,wecanexaminetheregionalandsectoralpatternsof changeshown in Figure22. Thesizes
of thesymbolsindicatetherelativesizesof emplymentby sectorin 1991,while their shadingsshow percentage
changeover thefiveyearperiod.Thefuelsandenergy is clearlystronglyconcentratedin Katowickie, together
with voivodeshipswith open-castlignite mines.Major urbanareasseeemploymentgrowth in theelectricity
supplycomponentof this sector. Basicmetalsarealsofocussedon Katowickie, Krakowskie,andLegnickie,as
wouldbeexpected,with many voivodeshipsnot representedatall. Thevastelectromechanicalsectorfollows
urbandensityclosely, with mostmajorcitiesclearlyvisible. In chemicalandmineralproducts,rural voivodeships
with large1991employmentlevelshave tendedto do worsethanurbanareas,with largestateownedcement,
glass,andfertilizer plantsin trouble,while urban-focussedprivatenew entrantsin pharmaceuticals,building
materialsandcosmeticsdoingmuchbetter. Somethingof thesamecanbeseenfor woodproducts,textiles and
clothing,andfoodproducts.Pulpmills, majortextile firms — especiallyin Łódzkie,andsugarrefineriesin rural
voidodeshipshavedonepoorly, while moreagilerestructuredstatefirms andnew entrantshavebeenableto
competeverysuccessfullywith importssincetheeconomybegangrowing in 1991–2.

2For otherdescriptionsof thedistribution of manufacturingemploymentin Poland,andissuesinvolved in transitionin Polishregions,see
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Figure2: Percentagechangein manufacturingemploymentby sector, 1991–96.Symbolradiusproportionalto
1991employmentlevels.

Table3: Gini coefficientsby sectorin Poland,1976–1996

sector 1976 1981 1986 1991 1996
fuelsandenergy 0.55 0.56 0.52 0.51 0.44
basicmetals 0.57 0.56 0.55 0.59 0.50
electromechanical 0.17 0.16 0.17 0.18 0.14
chemicalproducts 0.25 0.27 0.28 0.27 0.27
mineralproducts 0.27 0.27 0.28 0.26 0.27
woodproducts 0.28 0.31 0.32 0.31 0.28
textiles& clothing 0.32 0.32 0.30 0.31 0.27
foodproducts 0.25 0.25 0.28 0.26 0.19
otherproducts 0.20 0.19 0.18 0.32 0.37
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Gini coefficients(equation2, Table3) show generaldeclineswith someexceptions.Somesectorsrecord
systematicallyhigherlevels,probablyrelateddirectly to transportcostsfrom sourcesof raw materials,
particularlyfuelsandenergy, andbasicmetalsfor obviousreasons,but ata lower level alsomineralproducts,
chemicalproducts,andwoodproducts.

Warszawskie
Bialskopodlaskie
Bialostockie
Bielskie
Bydgoskie
Chelmskie
Ciechanowskie
Czestochowskie
Elblaskie
Gdanskie
Gorzowskie
Jeleniogorskie
Kaliskie
Katowickie
Kieleckie
Koninskie
Koszalinskie
Krakowskie
Krosnienskie
Legnickie
Leszczynskie
Lubelskie
Lomzynskie
Lodzkie
Nowosadeckie
Olsztynskie
Opolskie
Ostroleckie
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Piotrkowskie
Plockie
Poznanskie
Przemyskie
Radomskie
Rzeszowskie
Siedleckie
Sieradzkie
Skierniewickie
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Figure3: Dotplot of locationquotientsfor manufacturingemploymentfor theelectromechanicalsector, 1996.

Thenext threefiguresexplorethespecializationby voivodeshipof manufacturingemploymentin 1996,for the
dataaggregatedto ninesectors,usingequation1. Figure3 providesakey to theresultsfor all ninesectorsshown
in Figure4. Thesedotplotsshow thevalueof thelocationquotienton thex-axis,andthevoivodeshipsby number
up they-axis,startingfrom 1 Warszawskieat thebottom,andrising to 49 Zielonogórskieat thetop.

In Figure3, we canseethatthevaluesarescatteredto bothsidesof unity, with Łomżyńskieclearlylowest,and
GdánskieandRzeszowskiehighest.ThissectorhasaGini coefficientof 0.14,thelowestof theanalysedsectors,
andrepresentsa relatively evenspread.This is not surprising,giventheverymixednatureof firmswithin it,
includingshipyards,carassemblyplants,kinescopemanufacturers,computerassemblyplantsdown to smallcraft
metalworkingfirms. If we turn to Figure4, we find againtheelectromechanicalsector, but without voivodeship
names.

We caneasilyseethattheGini coefficientsdo giveagoodrepresentationof thespecializationby sectorof the
voivodeships,with theelectromechanicalsectorbeingthemost‘even’, with thesmallestrangein location
quotientvalues.Thelargestvaluesareobservedfor basicmetalsandmineralproducts,with voivodeshipsscoring

Węcławowicz (1996)andStryjakiewicz (1996).
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Figure4: Dotplotsof locationquotientsfor manufacturingemploymentby sector, 1996.
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5; in chemicalproductsthesituationis similar. In thesethreesectors,andin otherproductsandchemical
products,a majorityof voivodeshipshavescoresunderunity, while for theremainingfour sectors:
electromechanical,woodproducts,textilesandclothing,andfoodproducts,thedistribution is moreeven,not to
thesameextentdominatedby adensebandof dotsto theleft of unity on theplots.
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Figure5: Locationquotientsfor manufacturingemploymentby sector, 1996.Symbolradiusproportionalto 1996
employmentlevels.

Finally, Figure5 shows thelocationquotientvaluesby shadingon symbolsscaledto berelative in sizeto sectoral
employmentin 1996.We seeclearlyhow dependentKatowickie is on thefuelsandenergy sector, andalsoon
basicmetals.Giventheimminentremoval of tradeprotectionfor thesesectors,andindeedchangesthathave
alreadymadethemselvesfelt, it will beof interestto follow this voivodeship’sperformancein theanalysesbelow.
Locationquotientsin theelectromechanicalsectorbringout theroleof shipbuilding, on thecoastin Gdánskieand
Szczecínskie,andmotorvehicleassemblyin Bielskiein thesouth.Concentrationsof defenceindustriesare
evidentin thesoutheast,in TarnobrzeskieandRzeszowskie.As indicatedabove,chemical,mineralandwood
productsseemto betied to their raw materialsto a noticableextent,althoughanurbanizationeffect is observable
aswell. Thetraditionaltextile andclothingvoivodeshipsstill have thehighestlocationquotients,although,aswe
saw above in Figre2, this doesnot correlatewith growth. Voivodeshipshavehigh locationquotientsin thefood
productssectornearthemajorurbancentresin centralPoland,particularlyaroundPoznánskieandWarszawskie
— this observationwill helpusto understandthe1991–96regionalshift resultsbelow.

Having describedthedatasetto beanalysed,wewill now turn to examinetheresultsof theapplicationof the
modelsdescribedabove,bearingin mind theweaknessesimplicit in thedataitself.
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5 Results

We begin by checkingtheassumptionthatthecoefficientof theoffsetvariable,thelogarithmof baseyear
employment,canbetakenasunity (equation16). FromTable4, it canbeseenthattheassumptionholdsfor all
four periods,andthatboththeoffsetvariableandthesectoraldummiescontributesignificantlyto accountingfor
thedevianceof theresponsevariable.In a linearmodel,we wouldpresentananalysisof variancetableto show
thesuccessivecontributionof variables,or groupsof dummyvariables(factors),in accountingfor thevarianceof
theresponsevariable,usingestimatesof theF statisticasa measure.In Poissonregression,we speakratherof
analysisof deviance,andhavehereusedestimatesof theχ2 statisticin thesameway. Thelowerpartof Table4
showsthelevel of null modelresidualdeviance,thatis thedevianceremainingafteramodelwith just anintercept
termhasbeenestimated.Next it shows thedevianceaccountedfor by thesectoraldummies,thenthataccounted
for by thelogarithmof baseyearemployment,andfinally theresidualdeviancenotaccountedfor by themodel.It
canbeseenthatthemodelsfit verywell, althoughthefit of thefirst two periodsis betterthanthatof thelasttwo.
In addition,bothfactorsarehighly significantin accountingfor thedevianceof theresponsevariable.

Table4: Analysisof deviancefor Poissonregressionmodelsincludingonly sectoraldummiesandexplicit offset
variables(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

On thisbasis,themodelgivenby equation14 wasestimatedfor thefour periods,andthevoivodeshipdifferential
shiftswerecalculatedfrom its residuals,usingequation15. Thesewerethenconvertedto annualpercentage
changesin relationto baseyearvoivodeshiptotalmanufacturingemployment,andaredisplayedin Figure6, and
shown in thefinal columnsof Tables5–8. It will berecalledfrom Table4 thatthesectordummyonly models
achievevery goodfits, with residualdeviancevaryingfrom 0.1%to 1.0%of null modelresidualdeviance.
Nonetheless,thepatternsthattheresidualsrevealarequiteclear, andwill becommentedonmorefully below. In
addition,Fingleton’scommentsabouttheneedto testresidualsfor spatialdependenceareclearlyjustified(1994),
althoughafteraddingvariablesin reachingtheaugmentedmodel,this needis reduced.

In additionto estimatingtheresidualsfrom themodelgivenby equation14,standardregionaldifferentialshifts
(equation5) werecalculated,andanalysisof variancegrowth components(equation9) wereestimated.Tables
5–8show thesevaluesfor comparison,rankedby thePoissonregressionshift results,andomittingvoivodeships
nearthecentreof therankingto savespace.Therearesomedifferencesbetweenthethreemeasures,chiefly that
thegrowth componentresultsseemto overestimatechanges,althoughit shouldbenotedthatthey specifically
excludetheresidualerrorin their calculation,which theothertwo methodsdo not. An empiricalconfirmationof
thepatternsshown in the1976–81mapin Figure6, andin Table5 is thatthevoivodeshipswith strongerpositive
shiftsarechiefly rural andnonmetropolitanvoivodeshipsthatwerethefocusof anactivepolicy of
industrializationat this time,asdescribedby Bivand(1979).Negativeshiftsin this periodprior to the1980birth
of the“Solidarity” movementseemto beassociatedwith establisheddenseurbanareaswith manufacturing
traditionsin sectorsnotnecessarilyat thetop of contemporarypolitical agendas.

Table6, andthecorrespondingmapin Figure6, show astagnation,with little changefrom thepreviousperiod.
Fromthelate1970s,thePolisheconomywasplaguedwith powershortages,andthecommissioningof thelarge
open-castlignite-basedpowerstationat Bełchatów, in Piotrkowskievoivodeship,wasseenasbeingof cardinal
importance.Theremainingregionswith highshift resultsareall rural,nonmetropolitan,andwith state
investmentsin largemanufacturingplantsin thepreceedingperiods.Employmentwasmorelikely to hold up in
thesekindsof labourmarkets,with very few alternativesin a periodof declinefor manufacturingnationally,
includingsubstantialemigrationof youngerworkersfrom morecentralurbanareas.

Table7, andtheaccompanying mapon Figure6 show dramaticchangesin thedistributionof regionaldifferential
shift — onceagainthethreeestimationmethodsarein closeagreement.It is not quitea full reversal,but mostof
thevoivodeshipswith positiveshiftsin thepreceedingperiodhavegonenegative,andtwo key metropolitanareas,
WarszawskieandPoznánskie,haveburstthroughto leadpositiveshift with highannualpercentagevalues.
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Figure6: Percentageregionalshift peryearcalculatedfrom Poissonregressionsectoralmodelpredictions,1976–
81 to 1991–96.
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Table5: Percentageregionalshift peryearfor 1976–81usingstandardshift-share,analysisof variance,andPoisson
regressionmethods,rankedby Poissonregressionshift, andomitting voivodeshipswith centralshift values.

Voivodeship Differentialshift Growth component Poissonregressionshift
35 Rzeszowskie 2.49 2.46 2.84
37 Sieradzkie 2.31 2.49 2.77
20 Legnickie 2.08 4.33 2.36
2 Bialskopodlaskie 1.81 2.34 2.32

28 Ostroł̨eckie 1.97 1.76 2.27
23 Łomżyńskie 1.57 2.04 2.16
25 Nowosądeckie 1.58 1.39 2.09
26 Olsztýnskie 1.60 1.48 2.08
16 Konińskie 1.80 2.91 2.05

. . .
10 Gdánskie -0.37 -0.32 -0.04
18 Krakowskie -0.64 -0.82 -0.21
12 Jeleniogórskie -0.74 -0.52 -0.40
32 Poznánskie -0.95 -1.35 -0.51
47 Wrocławskie -1.04 -1.39 -0.64
24 Łódzkie -1.23 -1.41 -0.69
1 Warszawskie -1.23 -4.54 -0.69
4 Bielskie -1.24 -1.61 -0.76

45 Wałbrzyskie -1.39 -1.29 -1.15

Table6: Percentageregionalshift peryearfor 1981–86usingstandardshift-share,analysisof variance,andPoisson
regressionmethods,rankedby Poissonregressionshift, andomitting voivodeshipswith centralshift values.

Voivodeship Differentialshift Growth component Poissonregressionshift
30 Piotrkowskie 2.56 9.71 3.33
20 Legnickie 2.48 3.44 2.94
48 Zamojskie 2.32 2.76 2.92
28 Ostroł̨eckie 2.40 3.52 2.72
16 Konińskie 2.02 1.31 2.59
35 Rzeszowskie 2.10 2.78 2.58
7 Ciechanowskie 2.04 2.86 2.50

33 Przemyskie 1.79 2.51 2.40
40 Suwalskie 1.72 2.66 2.13
36 Siedleckie 1.45 1.91 2.06
21 Leszczýnskie 1.58 2.23 2.03
22 Lubelskie 1.48 2.09 2.02

. . .
14 Katowickie -0.58 -2.13 -0.06
43 Tarnowskie -0.59 -0.22 -0.17
45 Wałbrzyskie -1.12 -1.47 -0.32
8 Częstochowskie -0.97 -0.62 -0.34

18 Krakowskie -0.82 -0.74 -0.35
1 Warszawskie -0.88 -3.49 -0.40

12 Jeleniogórskie -1.28 -1.31 -0.43
24 Łódzkie -2.00 -1.81 -0.90
4 Bielskie -1.68 -1.47 -0.99
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Further, Bielskieis thelocationof Fiat carassemblyplants,a veryearlyforeigndirectinvestmentfollowing up
decadesof cultivationof thestateownedvehiclesector. Voivodeshipswith positiveshiftsin this pre-transition
periodseemeitherto havebeenableto reactverypromptlyto theformal introductionof market rulesfrom the
beginningof 1990,giving just two yearsto restructure,or morepossiblythefiguresreflectthemovefrom 1986
datafor public sectormanufacturingemploymentonly to 1991dataincludingthenascentprivatesector. These
shift resultsarevery reminiscentof theearliestfiguresfor new firm formationfor thesamevoivodeships(Bivand,
1996).

Table7: Percentageregionalshift peryearfor 1986–91usingstandardshift-share,analysisof variance,andPoisson
regressionmethods,rankedby Poissonregressionshift, andomitting voivodeshipswith centralshift values.

Voivodeship Differentialshift Growth component Poissonregressionshift
32 Poznánskie 4.62 5.05 4.50
1 Warszawskie 3.66 7.96 3.52
4 Bielskie 2.58 3.32 2.55

22 Lubelskie 1.70 1.93 1.64
43 Tarnowskie 1.16 1.22 1.02
49 Zielonogórskie 0.93 1.29 1.01

. . .
3 Białostockie -1.04 -1.08 -1.04

37 Sieradzkie -1.29 -0.49 -1.10
25 Nowosądeckie -1.09 -1.12 -1.11
38 Skierniewickie -1.13 -0.98 -1.13
8 Częstochowskie -1.07 -1.29 -1.16

15 Kieleckie -1.09 -1.18 -1.18
33 Przemyskie -1.16 -0.11 -1.24
45 Wałbrzyskie -1.61 -2.72 -1.34
13 Kaliskie -1.40 -1.34 -1.44
27 Opolskie -1.64 -2.28 -1.63
12 Jeleniogórskie -1.83 -1.96 -1.63
9 Elbląskie -1.83 -2.11 -1.93

21 Leszczýnskie -2.11 -1.25 -2.27
2 Bialskopodlaskie -1.98 -1.11 -2.27

28 Ostroł̨eckie -2.40 -2.06 -2.48
6 Chełmskie -2.88 -2.58 -2.76

48 Zamojskie -3.02 -2.04 -3.09
23 Łomżyńskie -3.11 -1.48 -3.16

Thetablefor thefinal period,Table8, andits mapin Figure6, continuestheturnaroundalreadyobserved
between1976–81and1981–86on theonehand,and1986–91on theother. However, we now seethatpositive
shift is appearingnot just in thefavouredearlystartersof PoznánskieandWarszawskie,but particularlynow in
voivodeshipsneighbouringthem.Lookingat thesectoralcomponentsof theseshift figures,it is clearthatthree
sectorscontributemarkedly to theseresults:foodproducts,woodproducts,andtextiles andclothing,followedby
thehighly aggregatedelectromechanicalsector. Comparingtheseresultswith othervariables(Bivand,1996),we
canseethatnew firm formationis clearlyrelatedto thesepatterns,andthaton theothersideof thelabourmarket,
unemploymentis associatedwith negativeshift results.Unemploymentis howeveralsodrivenby changesin
agriculture,in particularthecollapseof statefarms,sothatfor examplethesituationof Suwalskieis doubly
challenging:it hasbotha strongnegativeshift in manufacturingemployment,andtheeradicationof employment
onstatefarms.Perhapshappily, thenumberremainingin manufacturingwasonly 17.900in 1996,sothatthe
percentageratedoesnot meanasmany jobsasit would in a largervoivodeship.Further, this particularregionhas
greatpotentialin services,in particularin tourismin its unspoiltforestsandlakes.

Having presentedtheresultsof regionaldifferentialshift analysesfor thethreechosenestimationmethodsand
four periods,wewill now returnto theanalysisof dynamicexternalitiesin thecontext of Polishmanufacturing
employment.Table9 presentstheresultsof theestimationof theaugmentedmodel(equation20) for thefour
periodsusingPoissonregressionandthelogarithmof baseyearemploymentastheoffsetvariable.This table
differsfrom Table4 in only showing residualdeviancefollowing theinclusionof thenamedfactor. Thetablecan
thusbereadby takingthenull modelresidualdeviance,sayfor 1976–81112611,andthenreadingdown the
columnto seetheresidualdevianceremaining.In the1976–81model,theoffsetvariableandthesectoralfactor
accountfor mostof thedeviance,leaving a residualdevianceof 131,with theregionalfactoronly achieving
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Table8: Percentageregionalshift peryearfor 1991–96usingstandardshift-share,analysisof variance,andPoisson
regressionmethods,rankedby Poissonregressionshift, andomitting voivodeshipswith centralshift values.

Voivodeship Differentialshift Growth component Poissonregressionshift
21 Leszczýnskie 7.04 8.04 6.95
29 Pilskie 5.71 5.93 5.28
13 Kaliskie 4.73 5.60 4.99
37 Sieradzkie 4.37 7.51 4.95
1 Warszawskie 3.34 8.73 3.10

18 Krakowskie 2.37 0.80 2.71
32 Poznánskie 2.64 8.59 2.63
26 Olsztýnskie 2.49 2.58 2.63
23 Łomżyńskie 2.42 3.47 2.23

. . .
22 Lubelskie -1.58 -3.38 -1.95
46 Włocławskie -1.75 -0.62 -1.96
30 Piotrkowskie -2.84 -4.20 -2.31
16 Konińskie -2.97 3.26 -2.53
45 Wałbrzyskie -3.15 -4.46 -2.67
6 Chełmskie -2.77 -3.64 -3.00

34 Radomskie -3.45 -4.93 -3.66
12 Jeleniogórskie -4.31 -6.33 -3.75
33 Przemyskie -3.85 -4.42 -3.84
31 Płockie -4.55 -1.45 -4.23
42 Tarnobrzeskie -3.09 -0.64 -4.67
20 Legnickie -5.98 -3.02 -5.71
40 Suwalskie -5.19 -6.14 -5.88

marginalsignificance,bringingresidualdeviancedown to 66. Thedynamicexternalitiesvariables,bothasfactors
andin interactiontermswith thesectoralfactorarenot significant,improving thefit of themodelvery little, and
endingup with a residualdevianceof just 48.

Table9: Analysisof deviancefor augmentedPoissonregressionmodelsincludingsectoralandregionaldummies,
specializationanddiversity indices,and interactiontermsbetweensectoraldummiesandspecializationanddi-
versity indices;valuesindicateresidualdeviance,while the Chi-squaredsignificancetestappliesto reductionin
residualdeviancedueto thetermin 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 ***

In thesecondperiod,theregionalfactorbecomesmoresignificant,while thedynamicexternalitiesfactorsremain
insignificant.By 1986–91,whenaswehaveseenabove,thingsdo starthappeningin termsof regionalshift, the
specializationfactorbecomessignificantin thereductionof residualdeviance,asdo theinteractionterms
betweenboththespecializationandsectoralfactors,andthediversityandthesectoralfactors.By thefinal
1991–96period,all factorsandinteractionsaresignificantwith theexceptionof thediversityfactor(prob. value
0.097).For thefirst andsecondperiods,theAkaike InformationCriteriavaluesof theaugmentedmodelare
greaterthanthoseof therestrictedmodel(equation14),while for the1986–91periodthevaluefor theaugmented
modelis AIC = 312.80,for therestrictedmodel413.06,andby thefinal period,theaugmentedmodel(AIC =
518.51)clearlyoutperformstherestrictedmodel(AIC = 924.24).Thesemodelsthusfirstly confirmthedetection
of a clearturnaroundat or abouttheonsetof economictransition,andsecondlysuggestthatat thesametime
factorsoperationalizedfrom dynamicexternalitiesconceptsbegin to bite in termsof significance.
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Figure7: Dotplotsof specializationanddiversitycoefficientestimatesby sector, 1976–81to 1991–96.
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In orderto explorethis further, Poissonregressionswereestimatedfor eachsectorseperatelywithout theoffset
variable,but includingthelogarithmof baseyearemploymentamongtheexpanatoryvariables(equation19).
Sincethemaximumnumberof observationswas49,andfor severalsectorswith zeroemploymentlikebasic
metals,therewerelessthan20,theresultsareprobablynot asrobustasthosereportedabove. In addition,
regionalfixedeffectscouldnot betreated,andno weightswereemployed.Ignoringestimatesof thecoefficient
on thelogarithmof baseyearemployment,which wereclusteredaroundunity, Figure7 andTables10 and11
show theestimationresultsobtained.Figure7 summarisesthevaluesin thetablesin two dotplotsin orderto see
whethertheperiodizationreachedabovealsoholdsfor this simplemodel.As canbeseen,estimatedvaluesof the
specializationindex coefficientarewell to theright of theplot in thefirst two periods,althoughtherearedetail
differencesbeteensectors.Thispatternbeginsto breakup in thethird, 1986–91,period,with fivesectorscrossing
zero.By thefinal period,all theeightsectorsmodelledhavemovedinto negativeterritory, many quitedeeply.
Theinterpretationof this coefficient is thatpositivevaluesassociatespecializationin thegivensectorwith growth
in employmentin thesector, MAR externalities.Only theestimatesof thespecializationindex coefficient for
electromechanicalproductsandtextilesandclothingfor 1981–86arenot significant,althoughsignificancelevels
dovarya little otherwise.

Table10: Specializationcoefficient estimatesby sector, 1976–81to 1991–96(prob. values: *** � 0.001,**
0.001–0.01,* 0.01–0.05).

1976-81 1981-86 1986-91 1991-96
fuelsandenergy 0.527 *** 0.245 *** -1.316 *** -2.189 ***
basicmetals 0.596 *** 0.910 *** 0.152 *** -3.871 ***
electromechanical -0.269 *** 0.011 0.204 *** -0.783 ***
chemicalproducts 0.249 *** 0.081 * 0.830 *** -2.856 ***
mineralproducts 0.075 * 0.376 *** -0.888 *** -1.478 ***
woodproducts 0.846 *** 0.975 *** -0.127 ** -0.973 ***
textiles& clothing 0.087 *** -0.003 -0.202 *** -0.669 ***
foodproducts 0.137 *** 1.074 *** -0.304 *** -1.036 ***

Theseconddotplotin Figure7 providesanalogousinformationabouttheestimatesof thediversityindex
coefficient for theseeightsectorsandfour periods.For thefirst two periods,mostvaluesareclusteredaround
zero,with theexceptionof basicmetals,which is positive. This sectorcrashesout in thetwo final periods,with
stronglynegativevalues.Thecloudof valuesbreaksup in 1986–91,with all theothersectorsgoingpositive,but
to varyingextents.In thefinal period,only threesectorsstaypositive,oneis nearzero,andtheremainder
scatteredon thenegativeside.Thesectorson thepositivesidearefuelsandenergy, whichmaybeassociatedwith
theemploymentgrowth in energy supplyin majorurbanareasnotedabove,woodproducts,andfoodproducts,
with textilesandclothingnow nearzero.Apart from theestimatefor thediversityindex coefficientfor textilesand
clothingfor 1991–96,andtheestimatesfor woodproductsfor 1976–81and1981–86,all othersaresignificant.

Table11: Diversitycoefficient estimatesby sector, 1976–81to 1991–96(prob. values:*** � 0.001,** 0.001–
0.01,* 0.01–0.05).

1976-81 1981-86 1986-91 1991-96
fuelsandenergy 0.239 *** -0.139 *** 0.890 *** 1.245 ***
basicmetals 1.083 *** 0.872 *** -0.689 *** -1.959 ***
electromechanical -0.214 *** -0.087 *** -0.279 *** -0.186 ***
chemicalproducts -0.453 *** -0.161 *** 1.451 *** -1.710 ***
mineralproducts -0.174 *** -0.019 0.930 *** -0.519 ***
woodproducts 0.001 0.028 1.738 *** 1.102 ***
textiles& clothing 0.240 *** 0.192 *** 0.741 *** 0.003
foodproducts 0.054 ** 0.088 *** 0.685 *** 1.274 ***
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6 Conclusions

Theseconclusionsarenecessarilytentative,giventhedataused,thecoarsesectoralandregionalaggregation
used,andfinally thechoiceof thefour five-yearperiodsfor examination.It is howeverunlikely thatthe
turnarounddetectedbothin threedifferentmeasuresof regionaldifferentialshift, in thesignificanceof thefactors
in theestimatedaugmentedmodels,andin thesignificantsignchangesin dynamicexternalitiesvariablesfor
eightsectorsis dueto chance,or to dataimperfections.Indeed,it would bemorethanstrangeif no responses
wereobservablein regionalmanufacturingemploymentassociatedwith theonsetandprogressof transitionto
market relationshipsfrom centralplanning.

It maybeconcludedreasonablythattransitionis beingled by key metropolitanareasandtheir neighbouring
voivodeships.This is alsoamongtheargumentsbehindthepresentreorganizationof Poland’sregional
administrativestructure,with theongoingintroductionof 16 self-governingregionsto replacethe49
voivodeships,which havenot hadautonomouslocalgovernmentfunctions,but havebeenpartof central
government.At thelevel of resolutionusedhere,it is not possibleto contributeto thediscussionaroundthis
issue.Furtheranalysisof regionalchangeusingdataat thedistrict (powiat) level now beingintroducedwould be
muchmorehelpful in this respect,andshouldbeundertakenin thefuture.

Analysisof dynamicexternalitiessuggestsfirstly thatUS experienceis relevantto thetransitionprocess,firstly
becausethechosenindicesdoaccountfor muchof thedevianceof theresponsevariables,andsecondlybecause
thechangefrom pre-transitionpositivespecializationindex coefficientsto negative,andto stronglypositive
diversityindex coefficientscanreasonablybeassociatedwith transition.Thiswould indeedcorrespondwith
regionaleconomiesin which pre-existingspecialization,operationalizingMAR externalities,ceasesto securethe
retentionof existing industries,asHendersonetal. (1995)heldthatit should,all elsebeingequal.In transition
economies,it seemsthatthevaluablestoreof “local knowledge”within own sectormaylosein importancefor
bewilderedmanagersandworkers.Thiswould alsoconformwith increasesin coefficientvalueson thediversity
index, operationalizingJacobsexternalities;it maybethattransitioncreatescontextsof new firm formationand
statefirm restructuringin which almostall economicagentsareobligedto behaveasthoughthey arein new
industries,for whichbothGlaeseretal. (1992)andHendersonet al. (1995)expectJacobsexternalitiesto bemore
important.While asmallworry is associatedwith significantdynamicexternalitiescoefficientsin periodsunder
centralplanning,it maybenotedthatsectoralandregional“local knowledge”andknowledgespilloversalso
existedthen,andmaywell bereflectedin thespecializationindex, althoughthey havenotcomeaboutthrough
profit maximizingmechanisms.

Finally, analysisindicatesfirmly thatvariantsof shift-shareanalysis,usinganalysisof varianceandPoisson
regression,continueto havemuchto offer for theanalysisandmodellingof regionalmanufacturingemployment
changeat aggregatedlevelsin termsof regionsandsectors.While they cannaturallynot tell uswhatindividual
firmsaredoing,they provideusefultoolsfor analysingandpresentingthecontextswithin which decisionsare
takenby theeconomicagentsthemselves.
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