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geographically weighted regression.
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1 Intr oduction

Much of the analysis of regional growth in Europein recentyearshasconcetratedon
theconcep of convergence whetherin the neo€lassicalmodel,or in alternatve
formulations.Empirical work hasshiftedfrom moreconfirmaory non-spatial
estimationto theacknavledgemenof theimporanceof spatialfactors,ncluding
spillovers, andto exploratoryspatialdataanalysis.This hasoccurrel in conjunction
with similarwork in North America,andhasledto a betterunderstading of the
difficultiesinvolvedin relying simply on the convergencemodelwithout
augnentations.

Thework discussedn this chapteiis anearlyattemp to throw light on appaent
variallity in regional corvergencein relationto agricultue asa sectorsubjectto
powerful political measureswWe would lik e to explore the possibilitythatsomeof the
obseredspecificatiorissuedn currer resultsareroatedin neglectingagricultual
policy interventions,within thelimitationsimposedby dataavailableat this stage We
would alsolik e to usethis asa casesettingfor evaluging the appopriateressof
geogaphicallyweightedregressiorasatechnquefor assessingoeficient variability,
over andabove for instancecountyy durmmies,but possiblyreflectingmissing
variabesor otherspecificatiorprobdems.

2 Convergence,agricultur e and agricultural policy

Ratherthanreview the corvergenceliteraturebroady, we preferto focus on
suggestioapointingup issuego be exploredhere.We will therebrebetakingsome



positionsasgiven, andwill only mentionthembriefly for clarity. We will be
concenedwith B-cornvergenceasrepresentedn empiricalstudiesin thefollowing
way:

1 A
T100(7%) = o+ Blog(yio) +u,

I

wherea andf arecoeficients andu; is a disturtanceterm(Paci, 1997, p. 617) Given
anestimateof 3, the speecf convergencemayberepesenteds:

6= —log(1+TR)/T, with 1008 expressingthis speedn percentag poirts (Baumort
etal. 2001, p.8).

Theunderlying regulaiity in this representatioris thattherateof growth y; 1 /yi o of a
regional ecoromyi in theperiodupto T is relatedto its initial conditionin period0
for somemeasue y; 0. Themeasuredo be usednereis grossvalueaddedpercapita
measured EUR 1000at corstant1990prices.Figure 1 shavs theregional
distribution of this varialle for 1989 theinitial periad to be usedhereexceptwhere
stated.Detailsof the choiceof periad andregionswill begivenbelow in section2.2.
Thecontastbetweernower valuesin mostof the Iberianpenirsulaandsoutternltaly
andtherestof the studyareais familiar, asarethe effectsof regional definition
artifacts in BeneluxandwesternGermay, with high urbanvaluescontrmastingwith
appaently lower surrondingrural valuesdespitecommuing.
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Figurel: Grossvalueaddedpercapita,EUR 1000, 1989(y; o).

1For exampk the underbouding of Hamhurg is discussedby Fingleton, wherethe functional region of
theagglomeationis clealy larger thanthe adminitrative area(2001,p. 147).



Figure2 appeargo fit well to theinitial conditins: regionssuchasthosein Spainand
Portugal with low initial condtion valueshave high growth rates while French
regionshave low growth ratesandmedium initial conditins. However, closer
inspectionsuggestshatthe storiesof particularregions, or clubsof regions,aremore
compex thanour simplecorvergencemode indicates.Thisis strengtheadby an
examirationof Table1, andby theinsignificarce of ax 2 test(9.98, df = 9, p-vaue =
0.333) ontherelationship
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Figure2: Regionaleconanic chang: GVA percapital99 aspropation of GVA per
capital989(yi 1999/ Yi 1089)-

Table1: Contingeng tableof initial conditians (198) by growth rates(1983199),
bothvariablescut at quatiles.

¥i,1999/¥i,1089
Yi.1089 0.099-1.11 1.11-1.17 117123 123145 sum
4.03-11.7 5 6 8 10 29
11.7-13.8 6 10 4 9 29
13.8-15.7 8 8 6 6 28
15.7-26.8 10 5 10 4 29
sum 29 29 28 29 115

To checkwhetherthislack of a clearrelationshipis restrictedo this choiceof 1989as
baseyear andthe periodto 1999to measue growth, similarx 2 testsfor baseyears
from 1989to 1998 andgrowth ratesfrom thosebaseyearsto 199, in total 55tests,
werecondicted.They confirmthatthis valueis notexceptiaal, andthatit is difficult
to sustaina generakelationshipbetweerobsevedinitial conditionsandgrowth rates
in Europeanregions during this period.Only 14 of the 55 relatiorshipspassasblunta
testasthis. Returningto earlierempiricalstudiesjt is clearthatmary have already



pointedout not just thetheoreticaMifficulties of the simpleconvergencemodée, but
heremore importantly theinterestingstructual feature thatit chocsesto neglect.

Amongothes, Pacinotesthat"the obsered procesf aggegateconvergencecan
hideimportantstructuralcharge phenomera" (1997, p. 617) In analysimgy sectoral
labou productivity, Pacifindsthatwithout usinga"Southkern" dummy or national
dummies, the corvergencerelationshipfor agricdture is not significant(1997, p.
627) Othersjncludng Fagerterg etal. (197), Pons-Neell andViladecas-Marsal
(199), PaciandPigliaru(1999), andLopezBazoetal. (1999), alsodraw attentionto
the specificstructual role of agricdture in empiricalanalyse®f convergencein
Eurgoeanregions. There areof coursealsootherstructuralphenomera of interestbut
herewewill concetrateon agricultue.

2.1 Theimpact of agricultural policy

Thepoternial impactsof agricultual policy in the EuropeanUnion on cohesiorhave
beencental in chargesin themeasureandcompneri partsof the Comman
Agricultural Policy overthe pastdeca@. Cohesioris undestoodasacceleratig
regional ecoromic growth in thosepartsof the EU with region GVA percapita
markedy belav thatof develgpedregions,andthusmostregionsreceving cohesion
suppat areagricutural regions, althoudh notall agricultural regionsarecohesion
regions. Thebasicfeature of thesemeasues,andchangstakingplace,includng the
Mac Sharryreforns andAgenda 20, have recentlybeensurweyed by Colman
(2001), andlinks to regional policy arecoveredby Tond (200L).

ThesecondeEU repat onecononic andsocialcohesiorstressesherole of
corvergence andcorcludesthatspecificmeasuresvill beneedd to eliminate
regional disparitieg DG REGIO,200Lb). Thesewill addessdifferencesn underlying
condtions andfactorendavments,amorg which labourforce skills areseenas
central.In addition a preliminary studywasdevotedto theimpactof commurity
agricdtural policiesoncohesionNDG REGIO,200La). In this study andmore
geneally in theecononics of tariff systemstructuresattentionis drawn to difficulties
in adequeely measurig econonic assistance.

Agricultural policy couldbe expectedto interactwith convergencein two ways.
Firstly, andfor practicalreasos the only relationshig to be exploredempiically, one
couldexpectthe proportionof subsidiseagriaulturein aregional econony, andthe
intensityof the suppat, to influerce theregion's growth ratenegaively; for presenh
purposeswe assumeéhatagricuture maybetreatedasthoughit wereuniformly
subsidisedThereasondor thesenegaive relationslips arethatsubsidiesattenuse
themovementof labou andcapitalto othersectorgandor regions) with highe
returrs, consering structuref factorallocationat the costof thosepayirg for the
subsidiesThesubsidiesnayalsoalsobe expectedto reduceor to distortincentvesto
farmes to chang their mixes of prodictsand/ormethod of production.

In this sensehe subsidiesarecourterpraluctive asthey hampger the grownth in GVA.
However therecentdiscussioraboutthe so-calledmultifunctionality of agricultue
mayindicatethatagricutural actiities producebendits over andabove the market
valueof agricultual production. In econanic termsagricdtural productionmayhave



positive externd effectson perceved public goods lik e theamenityvalueof the
culturallandscapelf thisis thecase andif agricdtural subsidiesareusedasa means
to internalisetheseexterndities, growth is reducednly becauseve aremeasung the
wrongthing, traditiond GVA insteadof anextended GVA includng thewillingnessto
payfor suchamenitiesWhetheror notthis is the caseis of courseof vital importance
for thepolicy implicatiors of a negative relationbetweeragricultual suppat and
regional growth. For arecen paperaddressinghis questiorseeBrunstadet al.

(199).

Thesecondapprachnotfollowedup here,would beto consideitheimpacton speed
of corvergenceof changesin agricutural policy regimes; for suchanapprachto be
consideed,regionalisedagricultual accoums would be needd. Sincethey arenot
availablein a systematidorm at scalesandlevels of detailneeedfor Europe-wide
analysismicro-level studieswould probablyberequred, suchaspanelstudieso cast
light onthe detailedrelatiorshipsbetweerdifferentsubsidyregimes andthe
embedling of agricdture in regional econanies.

While governnentsgrarting subsidieso producerscanaccoum for themfrom public
experditure,otherforms of subsidycannotbeasreadly measurd. In particularthis
appliesto subsidieshasedn tariffs, quaa systemsimportbars, etc.,wherethe
transferis carriedout with consunerswithin thetradebarier systemsubsidising
producersby anamourn equivalentto the differencebetweerthelocal priceandthe
price of the samegooddeliveredto thatmarketfrom anextemal soure atworld
market prices.Measuremeincomgicationsandproductiondistortions herealsoaffect
marketsin intermedate goads.

Themostcommaly adofied appoachatthe natioral scaleis to estimateagricultual
assistancesingprodicersubsidyequialents anapprachusedin anumker of
internatical organisationsanddescribedn detailby CahillandLegg (198). The
datarequrementsarehowever substantialnot just for priceandquantityseriesfor the
chosercommadlities, but alsoinsigtt into theintermediateagricultual goadsinvolved
in regionally varying productionprocessesSomeof thework requiredto estimate
regional PSEserieshasbeencarriedoutin theDG REGIO study(2001a), yetmorein
HeclkeleiandBritz (2000. Sincethe presenstudyis only intendedo flag the
importanceof theagricultual sectorit wasfound more appr@riateto useless
adeqatebut moreaccessibl@ata,rathe thanfurtherreducethe numbe of regions
unde consideationor increasaincertaintiesassociatedvith estimatingor
interpdating varialles.

2.2 Sourcesof data in agricultur e

Eurgpeanagricdtural accountsareavailablein two versiors, EAA 89/2 andEAA 97
REV.1.1,andregional versionsatthelevel of NUTS level 2 areavailablefrom
Eurcstaf. Theaccouting datausedhereis for agricultue grossvalueaddedat
market prices,subsidiestaxeslinkedto production(including VAT balarce),and

2Thedatausedherearetaken from Eurostatheme:themel, domain:regio, collect: agri-r, table a2act.
We aregrateful to Lucy McKeever of RCADE, University of Durham,for helpin accessingthis andother
EurostalandGISCOdatasets.
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Figure3: GVA in agricultue at factorcosts(average 198890) aspercentag of total
GVA 1989

grossvalueaddedat factorcosts for the period198-199B, in million ECU. Fromthe
middleof the periad, therearevery mary missingvalues,andsomecountieseither
only reportat NUTS level 1, or level 0. For this reasonThe studyareadoesnot
includelreland Denmak, Greece UK, Berlin andforme EastGermany, andalso
drops overseadepenénciesandAtlantic islands.It wasfurther found necessaryo
aggregatethreeregionsin Belgium(BE1 BrusselsBE24 VlaamsBraban, andBE31
BrabantWallon) in orderto maintainthe spatialseries.In orde to smooththe
agricutural accountslatasomeavhat, andto accomnodatefurther missingdata
prodems,thevariabesto be usedbelon areaverage of valuesrepotedduting
1988199, in mostcasesut notall, the averagesof threevalues3

Figure3 shavs averag agricutural GVA measurd atfactorcosts1983-90(in EAA
89/92nomenclature GVA atfactorcostsis GVA atmarket pricesplussubsidiesninus
taxeslinkedto production)asa perentageof total GVA for 1989 Theunderlying
total GVA andpopuation datasetfiave beentakenfrom Cambridye Ecorometrics’
EurgpeanRegiond Databankandaremeasuedin 1990m ECU and100 persons.
Thetwo datasethiave beenmemgedafterdroping NUTS level 2 regions thatcould
notbeusedbecaus®f missingagricultual accouts data.Thereis a potential
prodem of double-courting involved in usingregional GVA seriespecaus¢hey can
andmostoftendoincludesubsidiesasa compnentof grossvalue added®

31t is unfortunatethatthe dataarenot morecomplet, becusethe choiceof initial condtions meanshat
someolder memberswill appearto have highe supportthan never membersandalsobecaisesupportto
the oldermembersiecined during the chose period while supportto never membergrobaly rose.

“We would like to thank Cambricge Econometris andSasharhomasfor their help.

5In addition, changesintroducedin revisionsof the Systemof National Accounts, knoclked on to EAA
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Figure4: Relatve subsidylevels 1983-90: agricultual subsidiefaverage198-90 as
proportion of GVA in agricuture at market prices(average198890).

Figure4 displays theothervarialie to beusedto repesentheinfluerce of agricutural
policy, agricultual subsidiesasa proportionof agricutural GVA at market prices.
Thisis necessarilya very inadegiatesubstituteor a propely constructedneasuref
producersubsidyequivdents,becaseit doesnotenconpassthe effectsof tariff
structureswhich arenot simply proportioral to subsidypaynents,but vary regionally
with producedquantitiesof comnodities. It hasbeenchoserto restricttheagricutural
variablesto the 1988-90period,partly becaus@f missingdatain the mid-19905in
agricutural accours, but alsobecasethe baseyeardatefor the corvergencemodé is
1989- alsochoserto matchtheyearswith leastmissingagricutural data.

3 Estimating cornvergence:specificationissues

Attentionhasbeendrawn in a seriesof studiesto specificatiorprodemsfound in
estimatinghe standarcdtonvergencemodelusingOLS. Therootsof theseproblens
arepartly relatedto substantie spatialrelationshig, suchasspillovers (Vayaetal.,
1999, but mayalsoinvolve missingvariables structuraldifferencesacrosghe chosen
studyareaandfunctional form. FingletonandMcCombie(1998 andFingleton
(1994a,2007 draw attentionto theclearneedto payattentionto specificationpver
andabove theintroduction of spatialecononetric techriquesalsomadeby Vayaetal.

97, moving somesubsidie into the definition of basicprices(OECD 2000); consejuently the regional tota
GVA serissmayincludevarying amountf subsidie deperling on whethe they arebasedbnmarket prices
or basicprices.



(199B), Baumon etal. (2001), andin the North Americancontext by Rey and
Montouri (1999 andRey (2007). Detailsof the estimatiormethod andtestsarenot
repeatedherefor brevity, andmaybefound in the citedarticles.

Table2: Modelling corvergencel98-199 (t-values or z-valuesin parenheses)

OLS ML lag OLS ML lag

Intercept 0.0346 0.0147 0.0400 0.0203

(6.56) (2.86) (5.52) (2.91)

log GVA pc 1989 -0.00725 -0.00288| -0.00987 -0.00498

(-3.55)  (-1.61) (-3.99) (-2.24)

% speedof convergence 0.753 0.292 1.039 0.511

log % agriculture 1988-90 -0.00200  -0.00133

(-2.19) (-1.68)

log subsidyGVA 1988-90 -0.00138 -0.000699

(-1.90) (-1.12)

[} 0.00704  0.00597 0.00687 0.00591

log likelihood 407.8 421.1 411.7 422.8

AIC -809.6 -836.1 -813.3 -835.7
Chav F 3.772 1.284
p-value 0.026 0.281
RESETF 3.921 1.573
p-value 0.0226 0.187
BreuschPagan 0.0626 2.195
p-value 0.969 0.699
Moran's| 0.332 0.308
Z 5.596 5.377
p-value <0.00001 <0.00001
RolustLM (err) 0.444 0.092
p-value 0.505 0.762
RobustLM (lag) 3.860 2.414
p-value 0.049 0.120

spatidly laggeddependentvarigble 0.546 0.512

(5.99) (5.41)

LM (err) 2.00 0.485

p-value 0.157 0.486

Resultsfrom the estimationof the standardccorvergerce mocel, with theannualog
GVA percapitagronth rate(198-199) asthedepeentvariableandlog GVA per
capitain 1989astheindepenlentvarialie, arepresentd in Table2. Thetablealso
shavs theresultsof estimatinghe samemodelincludingthe spatiallylagged
depemlentvariabe® usingmaxirmum likelihoad, andof estimatinganaugnented
modé including thetwo agricultue variabes definedabove in section2.2for both
estimatiormethals. The percentag speedf corvergerce for the OLS standard
modd, 0.79%, is compaablewith thatrepatedin Baumant etal. (2001, p. 26) of
0.8%% for 1980-195 and138regiors.

Concentatingfirst onthe OLS estimate®f the standad mocel, it is worth notingthat
while the Breusch-Rgantestdoesnot rejecthomaskedasticity, the RESE Ttest
(JohrsonandDiNardo,1997 p. 121)usingthe secondthird, andfourth powersof the
fitted valuesasextra varialesindicateghe presencef somespecificatiorerra (the
sameresultis found for all T=190-1999for baseyear1989 andoftenfor otherbase
years).Figure5 givesusaview of therelationship it seemghattheregions

6The spatally lagged depeneént variable can be undersbod asthe averagevalue of neigtboursof the
region examinied,for somedefinition of neighbourandrow-standrdisedneighbourhoodweights.
"Testsof residualtermsin all estimaed modelsfor non-normaity werenot significant.
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Figure5: Plot of standardOLS corvergencemock! (198-199) with regressiorfitted
linesfor all regions,only SW Iberia,all without SW Iberia,anda Lowessfit.

belorging to SouthWestlberia(the Portugieseregions andthe Spanistregions of
ExtramaduraandAndaluda) differ structurdly from theremainer. They have much
lower initial condition values andmuchhighergrowth rates andthe slopesof
regressionlinesfor all regions,just SW Iberia,andall without SW Iberia arequite
different. TheplottedLowessfit (arobustlocal regressiorfit passinga moving
window acrosghe dataset,seeCleveland,1979 confirmsthattherearestructuré
differencedn thedataset,which coud bemocktlled by includingthe squareof the
independentvarigble, but maybetterbe considerd in a Chaw testcontet (Johrson
andDiNardg 1997, p. 113-116). Subsettinghe datasetinto SW Iberiaandnot SW
Iberia,we cancondict a Chow testfor structual differencen bothslopeandintercep
coeficients, differencedound to be significant asshavn in Table2. Again, this result
appliesto all T=19D-1DP9for baseyear198, andfor someotherbaseyears(199D,
1991, 1998, 1994and19%, andsomeT.

Thefactthatthe SW Iberiaconstitutesa block of outliersis alsoseenin Figure6, a
Moranscatterplobf theannuwal log growth rates1989199 (seealsoRey and
Montouri, 1999 p.19). This plot of the valuesof thevarialle in questiononthe
x-axisaganstits spatiallylaggedvalues on they-axisletsus seehow theinclusionof
the spatiallylaggedvariablemight give moreinsightinto the corvergenceprocess,
wheregrowth rateswould dependn the averag of growth ratesacrosseightoursof
regions, possiblyrepreseting spillover or perhag undebourding of functioral
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regions. Hereneighours have beendefinal usinga sphereof influencegraph® rather
thanbouwndarycontiguity (Vayaetal. 1999 or distancg Baumon etal. 200]). Given
asetof points represeting theregions®, arow standadisedweightsmatrix was
constrictedandusedin all analysegpresentedhere.

Thetestsfor spatialspecificatiorprodemsin the standardnodel,Moraris | (Cliff and
Ord, 1981), andLM testsnotrepotedhere,areall highly significan. In addition the
robustLM testfor a missingspatiallylaggeddependentvariablein the presencef
spatialerrar deendencaés significant,but notthe otherway round (Anselinetal.
1996 AnselinandBeral9®). It is notimpossiblethatthis lack of clarity in the
resultsof the spatialspecificatiortestsis relatedto Fingletons finding, thatMoran’s |
may alsodetectspatialnonstationarity(199b).

Following theaugmatationof the standardnode with thetwo agricultural variabes,
we canseethatthe non-spatialspecificatiorprodemsencainteredn thestandard
modé andreflectedn theresultsof the Chow testandthe RESE Ttestarealleviated
(column 3in Table?2). Neithervarialde is strondy significant,but bothhave the
expededsigns,with bothhigher propationsof agricdture in regional GVA, and
highe ratiosof subsidiego agricutural regional GVA beingassociateavith lower
growth rates.The percemagespeef convergenceis somavhatgreate, just over 1%.

Steppingbackto examine the ML lag estimate®f the standardnodel,we canseethat

8Thanksto Nicholas Lewin-Koh for this suggeson - hisimplemeriation is releasedassoi . graph () in
the R contributedpadagespweights, available from http://cran.rproject.om.
9GISCONUTS2labd points projededto LambertAzimuthad EqualAreausingEU standrdparameters.
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theinclusionof the spatiallylagged gronth raterediwcesthe percentag speedf
convergencemarkedy, with the underlying coeficient valuebecaning muchless
significantlydifferent from zero.The coeficient of thespatiallylaggel depaxdent
variabe is itself highly significant,andno residualspatialautocarelationwasfound
to remainin the model. Furtherdetailsof estimatiorandtestingmethod maybe
found in Anselin(1988).

Introductionof theagricultural variabesin theaugnentedML lag modelseesa
further, but muchlessmarledimprovemen in o andlog lik elihood; howeverthevalue
of the Akaike InformationCriterion (AIC) risesalittle compaedto the standaraviL
lag model,suggestingossibleinteractionbetweerthe spatiallylagged gronth rate
andtheaddedvarialles. Adding the spatiallylaggedindepewlentvariales did not
help,with AIC risingfurtherto -8312 (AIC for thestandardML lag modelwith
spatiallylaggedinitial condtionswas-8369).

4 Estimating corvergence:exploring non-stationarity

As pointedout, Fingleton(199%) hasindicaedthatMoraris | maydetectspatial
nonstationarityin additionto residualautocarelation BecauséMoran's| contintes
to besignificantin theaugnentedmocdel, pertapsimplying non-statioarity, andin
thepoorimprovemen of theaugmeted ML lag mockl overthestandardvL lag
modd, it seemsappopriateto explore the standad andaugmetedmodelsusing
geogaphicallyweightedregression Having origindly beendevelopedasatool to
exploratoryspatialdataanalysisjts statusis unde revision at presen, andit hasbeen
suggestethatit maybeusedto indicae the presenc®f spatialnon-stationarityin
moreformalways. Exploratorymethod have beenusedin theanalysisof
convergencemodelsby Rey andMontoui (199), Le Gallo andErtur (2000, Rey
(2001) andArbia (2001).

4.1 Geographicallyweightedregression

Geogaphicallyweighteal regressionGWR) is a techniqie for examiring possible
variallity in coeficientestimatesacrossstudyareassompaesedof regionsrepresented
by points, andwasintroducedby Brunsdn etal. (1996 afull descriptioris foundin
Fotherirghametal. 2000) Insteadof simply estimatingglobal coeficient valuesover
thewholedataset,local paranetervaluesareestimatedor eachregion/poirt in the
dataset:

P
¥i =Bio+ ) BikXik+ &
&1

wherey;,i = 1,n areobsevationsof thedepeentvariable, xjx,i = 1,n,k=1,p are
obsenrationsof the p independentvariables,e; aredisturbareterms,andp(i) are
unkrown paranetervectorswhich arefunctiors of locationi.
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Thelocal estimatespneregressionfor eachregion, aremadeusingweighted
regressionwith theweightsassignedo obsenrationsbeinga functionof thedistance
betweertheregion for which coeficient estimatesrerequiredandall the other
regions. Thedistancdunctionis directly compaableto thoseusedin kerneldensity
method, andhereusehasbeenmace of a bisquae function:

w(i)jj = (1—(d5/d?))?,dij < d

wherew(i)jj = 0whend;j > d; w(i); is theweightassignedo obseration j in
estimatinghe paranetersfor obseration i. The paraneterd is termedthe bandvidth,
andfor thebisquardundaion is the maximum distancefor nontzeroweights;it maybe
found by cross-alidationandthevalueusedhereis 563km, foundby cross-alidation
for theaugmentedmockl. The paranetersareestimatedy weightedleastsquaes:

B() = [X"W(H)X] T XTW(i)y

whereW (i) is the diagoral weightsmatrix for obserationi; X TW (i) X is assumedo
beinvettible.
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Figure7: Valuesof weightingfunctions by distancefor bandvidths choserby cross-
validationofr the augnentedmodel; bandvidth valuesshavn by vertical lines. The
very similar areasuncer the curvesfor the bisquareandGaussiarfunctiors shav that
cross-alidation hasestablisheéddeqatebandvidthsin bothcases.

Figure7 shawsthe spatialrange of this weighting schemeandfor compaisonthe
Gaussiarschemeaandits equivalentcross-alidatedbandwidh (310 km). In current
GWR techniqes,bandvidth is first establishedjlobally, meaninghatregionsin
densepartsof the studyareahave a larger numbe of weightedneighours
contrikutingto their estimateshanin lessdenseparts. The bandvidth usedhereis
abou twice thegreateshearesheigtbourdistancen thedataset(278 km), and
betweerthelower quartile(420 km) andmedian(773km) of all inter-region
distances.

Figure8 shavstherangeof coeficientvaluesestimatedor the percetagespeecdf
convergenceby GWR for the standarcandaugnentedmodds, plottedwith vertical

12
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Figure8: Densityplots(smootledhistogramspf percemaged (speedf convergence)
coeficient estimatesrom standardandaugmeted GWR models;OLS mocel point
estimatesreshowvn by verticallines (seeTable2). Bandwidthsin bothcase$63km.

Figure 9: Percentag 6 (speedof convergence)coeficient estimatesrom standard
GWR model.Bandwidh 563km, bisquareweigtting function
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linesmarking the global paraneterestimategrom the OLS modds descritedabove.
As canbeseenjn neithe casedothe GWR estimategroup tightly or symmaerically
arourd the global estimatesThis is in itself not necessarilyanissue sincesome
variationbetweemmultiplesof standarderrors is expected but the extentandshapeof
thedispersioris worrying. For this weightingschemgbisquare,bandvidth =
563km), it seemglearthatin thestandardnodelthereis evidenceof structural
instability, with a peakjustabove zero,anda shelfcentredat 1, with theglobal
estimateat theroot of theshelf. In theaugnentedmocel, thedistributionis centedon
zero,with mary negative estimatesandalongright tail - theglobd estimatedoesnot
give agooddescriptiam of thedistribution atall. Of courseheregrowthis alsobeing
driven (or ratherrestrainedpy the valuesof the agricutural variables, but evensoit is
difficult to avoid theimpressiorthatnonstationaritymaybe present.

EEEOOO

Figure10: Percentag® (speedf convergence)coeficient estimategrom augnented
GWR model.Bandwidh 563km, bisquareweighting function

Mappirg thestandardGWR percemagespeedf changesstimategFigure 9), we can
seethatour tentatize conclwsionof structuraldifferencess sustainedThebarded
West-Easpatternis evenmorepronaincedin the mappedvaluesof estimategrom
theaugmettred GWR model whenagricutural varialle have beentakeninto accoun
(Figure10). Introducingthe agricdtural variableshasa majorimpactin Germauy, for
whichvalues of the agricutural subsidiesariablearerelatively high (seeFigure4).

In bothcaseshadthe mapsnot displayel spatialpatternimg, we couldhave risked
concluingthatthevariahlity seenin Figure8 wasof little importance.Whatremains
is to try to establishwhetherthe GWR estimatesddsubstantiallyto theglobalresults
from Table2.
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4.2 Testingstationarity using geographicallyweightedregression

Sofar, veryfew testsfor GWR modelshave beenpublished Two, basednthe useof
analysisof variane, usegeneréised degreesof freedan (nolonger integer becaseof
thevarying weights sumsperestimate}o compae theimproved sumof squaes
accouredfor by the GWR estimategascomparedwith theglobal OLS estimates.
Both Brunsdoretal. (199) andLeurg etal. (2000a)establistthata hatmatrix may
be construted from rows from the GWR mockl, eachrow usingits apprgriate
weights.Thetwo F-teststhey derive differin thatBrunsdoretal. (199) compae the
differencein theresidu& sumsof squars of the OLS andGWR modelswith the
residualsumof squars of the GWR modé, while Leungetal. (2000a)compae the
samedifferercewith theresidualsumof squars of the OLS model,choosinga
differentderominatorfor the F-ratio,aswell asslightly differentdegreesof freedan
Resultsof thesetestsareshavn in Table3, from which we canseethatthe GWR
estimategor bothstandad andaugmeted modelssignificantlyreducetheresidual
sumof square®ver andabore the OLS estimates.

Table3: Comparisorof standad andaugmerted OLS andGWR corvergencemockls.

standad augmentd
OLS GWR OLS GWR
o 0.00704 0.00562 0.00687 0.00501
AIC -809.6 -853.9 -813.3 -884.6
Brunsdonetal. ANOVA 2.85 2.16
p-value 0.0000 0.0003
Leungetal. F(2) ANOVA 2.20 1.64
p-value 0.0002 0.0102
Moran’s| 0.332 0.122 0.308 0.062
Leungetal. p-value <0.00001 <0.00001| <0.00001 0.00148
Z underrandomisgion p-value | < 0.00001 0.0365| <0.00001 0.2624

Table3 alsocontairs estimate®f o andthe Akaike InformationCriterion,basecdn
work in progessrepatedin Brunsdam etal. (2000. Hereagainthe propertiesof the
GWR hatmatrix areusedto derive the residud sumof square®f the GWR mockl,
andthe appopriatedegreesof freecdbm for the AIC measue. Therepatedvalues
suggesthatthelevel of nonstationaritypresenin the datauncer analysisis suchthat
GWR doesprovide amoreadewaterepresenti@gon thanglobalparameteestimates,
evenwhenstructually-varying agricutural variablesareincluded. Finally, following
Brunsdm etal. (1998), thespatialautocorelationof the GWR residualds repoted.
Theresultsof thetestproceduredescribedy Leungetal. (20M0Db), athree-noment
X2 appraimation is shawn, togethemwith the probability valuesof Moran’s | under
randanisationignaring thefactthatwe aretestingregressiorresiduals Both tests,
andtheestimatedraluesof Moran’s | statistic,suggstthatthe GWR modelsdisplay
lessglobalspatialautocaerelationin their residualghanthe OLS models,andthatthe
GWR modelaugnentedwith agricultual variabes perfamsbest.

5 Conclusionsand dir ectionsfor further reseach

Following up theimpactsof agricutural policy onthe estimationof empiricd models
of regional corvergencedoesseemworthwtile, becaseon balancemoreof the
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variarce of the average annial regional gronth ratesis accoutedfor in the
augnentedmodelthanthe standardnodelestimatedy OLS, ML lag,andGWR.
Sinceit is possiblethatthe non-stationarityis relatedto furthermissingvariables,
including theinadequagy of theway in which agricdtural subsidiesarerepresentedt
will beimpottantto try to replacethe agricdture variableswith betterestimateof
producersubsidyequivdentsfor thebaseyear An issuethatdeseresfurther
attentionis how to handlechargesin agricultual policy regime occuring between
yearsO andT. On balancenowever, we would argue thatthis exploratoryanalysis
doesgive suppot to therole of agricultual subsidiesn accounting for variatiorsin
regional gronth. Coeficient estimatedor theagricultural variadesin theOLS and
ML lag global mocklshadthe expectedhegative signs,andwereeithersignifican or
almostsignificantat corventicnal levels.

Onthetechnicalside,somefurther testsfor specificatiorprodemsin thespatial
contet arebeconing available,but have notbeenappliedto corvergerce mocelsyet
(BaltagiandLi, 2001, deGraff etal., 200]). Thetestson GWR estimateglsoneedto
bemorefirmly establishedalthowgh someMonte Carlostudiesonthe cornvergence
modds repatedabove did not give causefor concerrthatthe conclusiors dravn were
inappopriate. The GWR resultsalsoneedto betestedfor spatialautocerelation,and
if necessaryo accommdatea spatiallylaggeddepemlentvariabde in someform,
althoud GWR doesalreadyinvolve a spatialweighing of the obsevations
themseles.

It is clearthataddressingconcensabou non-stationarityis oneof themajortasks
which hasto betackledin orderto promotespatialecorometrics;it mayalsobethe
casethatpanelestimationtechniqesor multi-level modelling will provide further
toolsthatmaybe emplg/edto testfor specificatioradeqagy. It doesseemnto beclear
thoudh, thatthefull spatialecononetricstoolbox, includng bothexploratoryand
confirmatorytechnques,needgo be apgied to theunravdling of the storiesinvolved
in Europeanregional growth.
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