Ann Reg Sci (1999) 33:251-268 — The Annals of

Regional Science

© SpringetVerlag1999

Knowledge diffusion and the developmen
of regions

Lucas Bretschger

Institutefor Empirical Researctin EconomicsUniversity of Zirich, Blimlisalpstrasséo,
CH-8006Zrich, Switzerland
(e-mail: lubret@iewunizh.ch)

ReceivedOctober1996/ Accepted:Decemberl997

Abstract. The economicprosperityof a regionis largely dependenbn the
accumulatiorand diffusion of knowledge.In this paper the scaleeffectsas
well as the resourcereallocationeffects of intra- and interregionalknowl-

edge transmissionare analysed.Within a model, the optimal levels of

knowledgediffusion are calculated.t is also shownthat knowledgediffu-

sion becomesnoreimportantif regionsare moreintegratedn interregional
goodstrade.Freetradein goodscan harmthe developmenbf a region if

the interregionaknowledgediffusionis not intensiveenough.

1. Intr oduction

Knowledgeis an importantfactor for regionaldevelopmentAn increasing
stock of knowledgeleadsto rising productivties of regionalinputs like la-
bour, physicalcapitaland humancapital,aswell asto higherpercapitain-
comes.In the long run, the accumuléion of knowledgelargely determines
the growth of total factor productivity which is often consideredo be the
bestavailableindicator for regional developmentand competitivenes As
the spatialpatternof an economyplaysa decisiverole in regionaldevelop-
ment,thediffusionof knowledgds justasimportantasthe creationof knowl-
edge.Knowledgediffusioncanbe describedasa specialtype of communica-
tion concernedvith the spreadingpf messagethat constitutenewideas(see
Rogers1983).Theintensityof knowledgediffusiondepend®n differentfac-
torsandmechanismsAccordingto Marshall(1920),informationflows more
rapidly within a regionthanover greaterdistancesHe identifiesthe flow of
informationandideasbetweenfirms of a certainregionasone of the main
reasondor the spatialconcentratiorof economicactivities In regionaleco-
nomics, recentcontributionsemphasisehe impact of communicationnet-
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works. A network consistsof interconnectg individualswho arelinked by
patternedlows of information.Networksmusthavea certaindegreeof struc-
tureandstabilityto be effective.Moreoverthedesignof anetworkis strongly
connectedo thecharacteof knowledget is ableto transmit(seeBattenetal.
1989).0n the onehand,telecommunidéon networksareespeciallyefficient
for the transportatio of informationconsistingof uncomplicatednessages.
On the otherhand, high-speedransportatio networksare of specialimpor
tanceto facilitate face-to-facecontacts.Thesecontactsare often necessary
for intensivelearningeffects,i.e. for the diffusion of knowledgewhich has
amorecomplexcharacte(seee.g.Kobayashil995).Concerningherelation
betweerthetwo typesof knowledgediffusionin regionaldevelopmentGas-
parandGlaese(1996)find in anempiricalstudythattelecommurdationmay
be a complementpr at leastnot a strongsubstitutefor face-to-facenterac-
tions. This relationbetweerthe two networktypesalsoappliesto therelation
betweenintraregionb knowledgediffusion, which is relatively intensivein
face-to-facecontacts,and interregiona knowledgediffusion, which is rela-
tively intensivein the useof telecommunidéon.

In termsof economictheory knowledgeis not restrictedto the technical
aspectsof know-how for firms, but also includesknowledgecomponents
like institutional and organisationalkknow-how Concerningthe generation
of new knowledge,Arrow (1962) and subsequenliteratureassumeknowl-
edgeto be built up by positive externalitiesof certainactivities carriedout
undermarketconditions.Adding this elementto a neo-classicaproduction
sectorleadsto increasingreturnsto scalefor the aggregateegionalecono-
my, whereasa singlefirm still facesconstantor decreasingeturnsto scale.
This allows us to studyincreasingreturnsto scalein production while pre-
servingthe assumptiorof perfectcompetition.With regardto interregional
goodstrade, the existenceof positive externalitiesrequiresthe departure
from traditionaltradetheory The sameholdstrueif we realisticallyassume
regionaleconomiego tradein differentiatedyoods(seeKrugman1991 and
Johanssor1995). The dynamicconsequenseof externaleffects of capital
accumulationand the existenceof differentiatedgoodsin openeconomies
have beendiscussedn a strandof literature combining new growth and
new trade theory (see Grossmanmand Helpman1991). Let us e.g. assume
knowledgestocksand factor rewardsto be unequalamongregions.Then,
the caseof increasingeturnsto scaleactivitiesbeingharmedby free goods
tradecannotbe disregardedwhat is suggestedby recenttheoryis indeeda
seriousproblem: that the long-term growth rate of an economymay de-
creasewith increasinggoodstrade(i.e. may be lower underfree tradethan
in autarky).The reasonfor this possibleoutcomeis that the inputs usedin-
tensivelyin the increasingreturnsto scaleactivities becomemore expen-
sive underthe conditionsof free goodsmarkets.In this respectjt hasbeen
demonstratedn recenttheoreticalcontributionshow resourcesare reallo-
catedafter the openingof free trade,both in casesof perfectinternational
knowledgediffusion (Grossmarand Helpman1991) and in casesof defi-
cientinternationaknowledgediffusion (Bretschge 1997).
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In this paper the differentlong-termeffects of both intra- and interre-
gional knowledgediffusion on regional developmentare derivedin terms
of a dynamicmacroeconomienodel. The approachbuilds on the first ex-
planationof Marshall (1920) for regionalconcentratiorof economicactiv-
ities. It complementKrugman(1991), who dealswith the othertwo Mar-
shallian explanationswhich are the critical size of pooledlabour markets
andthe variety of differentiatedyoods.The frameworkusedherecombines
elementsof economicgeographylocationtheory new growth theory and
new tradetheory To focus on the dynamicaspectsof the theory it deals
with the impact of knowledgeon total factor productivity In this respect,
knowledgediffusion acts as a direct scale effect with respectto regional
productivity incomeandwelfare.But the indirect effectsare at leastasim-
portant. The most obviousof theseindirect effectsis the impactof knowl-
edgediffusion on the rewardfor physicalcapital.In the modelusedbelow
the return on the interregiondy mobile factor capital is the centreof the
analysis.Knowledgeand labour inputs are assumedo havea large impact
on this return. A higher maginal product of capital attractscapital from
otherregionsandincreasesncentivesfor local savings.Any increasen the
aggregatghysicalcapital raisesregionallabour productinty and percapita
income.

Both direct andindirect effects of knowledgediffusion fosterlong-term
regionaldevelopmentMoreover the lack of interregionaknowledgediffu-
sion can be harmfulin a dynamicenvironmenthatis characterisetby re-
gional goodsmarketsthat are becomingmore and moreintegratedlf inter
regionaltrade volumesincrease relative factor prices of immobile factors
change,which hasan influenceon the return of mobile factorsas well. |
will amgue below that for regionswhich are relatively well-suppliedwith
skilled labour increasinggoodstrade may harm the return on capital. In
this case,less capital from other regionsis attractedand savingsdecline,
which harms long-term regional development.n this case,interregional
knowledgediffusion can be a remedyto cure fading dynamicforces. Re-
gardinga certainregion, knowledgediffusion within the centreof a region
andbetweenthe centreandthe “hinterland” will not be distinguishd in the
model. It is assumedhat a region consistsof concentraté economicactiv-
ities with a uniformly densenetwork of communicatia. But regionsas a
whole differ in the way they produceand communicateknowledgewithin
the regionand in the way they haveaccesgo knowledgethat stemsfrom
other regions. This reflects the differencesin regional infrastructue and
correspondgo the empiricalobservatiorthat differentregionsspecialisen
differenteconomicactivities evenif they are highly developedseeDollar
and Wolff 1993). Following the discussionabove, the productive use of
knowledgefrom the home region is assumedto differ from the use of
knowledgethatis transmittedfrom otherregions.For both intra- and inter
regionalknowledgediffusion, the exchangeof informationis not tied to di-
rect financial compensabn, suchas the exchangeon goodsmarkets.This
lack of compensatio, combinedwith the influence of knowledgeon re-
gional productivty, demonstrateshe normative dimensionof knowledge
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diffusion for regionaldevelopmentwhich is anotherfocusof this contribu-
tion.

The remainderof the paperis organisedasfollows. Section2 containsa
formal expositionof the influenceof the differenttypesof knowledgeand
of labour on regionalreturn on capital in a one-sectomodel. In Sect. 3,
optimal levels of intra- and interregionh knowledge diffusion are calcu-
lated. Section4 presentghe influenceof knowledgeand labour on the re-
turn of capital in a full-fledged three-setor model of the open regional
economy In Sect.5, the resultsof comparativedynamicsare derived.Sec-
tion 6 concludes.

2. Return on capital and regional development

Economicgeographyandthe economicof locationfocuson increasinge-
turnsto scalebecausehis assumptia is crucialto explainthe regionalcon-
centrationof certainindustries.In the following model, it is knowledgeand
knowledgespilloversthat createtheseincreasingeturns.To analysethe de-
velopmentof a region,threetypesof inputsaredistinguishd below: physi-
cal capital, knowledge,and labour Physicalcapital is a crucial factor for
regionaldevelopmengsit is highly mobile betweenregions.Investorsare
constantlyseekingthe location with the highestreturn on capital. This re-
turn is also an important parameterfor the amountof regional savings.
Thusit is one of the objectivesfor regionaleconomicpolicy to achievean
attractivereturn on capital investmentsin equilibrium, the returnis equal
to maginal productof physicalcapital which is heavily influencedby in-
tra- and interregionalknowledgediffusion. In addition to physical capital
and knowledge,| introduceskilled and unskilled labour which also have
an influence on the maginal product of physical capital. Labour is as-
sumedto stay within the regionalborders.Thereforel do not focuson la-
bour migration, local public goods, or regional educationsystems;these
topics are beyondthe scopeof this contribution.To sumup, in the model
usedbelow the maginal productof physicalcapitaldiffers betweernregions
becauseof different regionalendowmentf skilled and unskilled labour
differentintraregiona knowledgediffusion, and differencesn the accesgo
knowledgefrom otherregions.

Total productive knowledgein the home region x is determinedby
knowledgexy, which stemsfrom the homeregion, and by knowledger,,
which stemsfrom other regionsand is ready for productive usein the
homeregion.Adopting a Cobb-Douglaspecificationyields:

K:(’Ch)y'(Ko)” O<y<L0o<p<l). (1)

According to (1), both types of knowledgeare incompletesubstitutesas
suggestedby the discussiorin the first section.The moreintensiveinterre-
gional knowledgediffusion is, the higheris x,. With interregiond knowl-
edgediffusion beingweakery r, getscloserto zero.In the following, | ana-
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lyse the consequenceof variationsin x, on the developmenof the home
region. For this purpose,the maginal return to capital hasto be deter
mined. It makesa differencewhetherone amguesin termsof a one-sector
model or in termsof a multi-sectormodel. In this and the next sectionl
considera one-sectomodelandwrite aggregateegionalproductionY as:

Y =D K" (i) - (1,)" - F(S,L). 2)

In (2), D is a constantand F is a functionalwhich captureghe influenceof

skilled labour S and unskilled labour L on aggregateoutput. One of the
characteristis of new growth theoryis the introductionof positiveexternal-
ities in the form of knowledgespillovers.In many of thesemodels,it is as-
sumedthat capitalinvestmentsentail learningeffects which raisethe stock
of public knowledge.In economicgeographythesespilloversare often as-
sumedto be existentwithin a locationor region.In this model,the positive
spilloversfrom capitalformationin the homeregionrepresentntraregional
knowledgediffusion. The assumptiorof proportionalspilloversfrom capi-
tal formationin the homeregionto homeknowledgestockgives:

KZK;,. (3)

Given (2) and (3), the (private)maginal productof capital u is determined
by:

p=a-D K179 e, Y. F(S,L). (4)

In steady-statethe growth rate of regionalincomeis equalto the growth
rate of consumptionRegardingthe savingdecisionsof the householdsthis
growth rate g is given by the well-known Keynes-Raney rule. Assuming
the elasticity of intertempaoal substitutionto be equalto 1 and the popula-
tion to be constantyields:

g=p—0-p. (5)

In this expressiorp denotesthe discountrate of householdsandd the de-
preciationrate of capital. To determinethe impact of interregionalknowl-

edgediffusion, two caseshaveto be distinguisheddecreasing@nd constant
returnsto capital.If a+y<1, we havedecreasingeturnsto capital. The im-

pactof a discreteincreasedn r, inducesadjustmengrowthin the homere-

gion asrepresent in Fig.1. From (2) it can be seenthat x, hasa direct
impacton regionalincome.But this impactis only on the level of income
and not on the growth rate. From Fig. 1 it becomesvidentthat the influ-

enceof g is intensifiedby the inducedincreasein the stock of physical
capitaland by additionalpositive spilloversto homeknowledge.The solid

line showsthe effect of a discreteincreasen «,, the dottedline indicatesa

further increasein x, . A large enoughconstantincreasein rx, however
allowstheregionto reacha constanigrowth rate evenwith a+y<1.
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L > K sionwith decreasingeturnsto capital
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Fig. 2. Interregionaknowledgediffu-
» K sionwith constanteturnsto capital

In analogyto new growth theory the intensity of intraregionh knowl-
edgespilloverscan be suchthat constantreturnsto aggregatecapital (con-
sisting of physical capitaland home knowledge)and a linear relationship
betweenaggregatecapital and income are obtained. Thus the maginal
productof capitalinvestmentsn the homeregionis constant.In the pro-
duction function (2) and using (3) this is the caseif we assumea+y=1.
Thenthe maginal productof capitalbecomes:

u=a-D-(x,)"-F(S,L). (6)

It is evidentfrom (6) thatx, actsnow asa scalefactorwith respecto mar
ginal productof capitaland by (5) to the long-termgrowth rate. The effect
of a discreteincreasein «, is, underthe new assumptias, representedn
Fig. 2 with solid lines. Again, the dottedline indicatesa furtherincreasen

Ko -
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3. Optimal knowledgediffusion

Becauseknowledgespilloversare externalites which are not compensated
in a marketeconomy knowledgediffusion is not on an optimal level. For
the derivationof optimal knowledgediffusion, we haveto distinguishbe-
tween intra- and interregionalknowledgediffusion. In the following, the
optimal policy measuresre calculatedfor both typesof externalities Re-
gardingintraregionalknowledgediffusion, the social return on home capi-
tal formationis:

= (a+7)-D-K D ()" F(S,L) (7)

which is biggerthanthe privatereturngivenin (4) asy>0. It is an optimal
policy to subsidisecapitalinvestmentsso that private investorsreceivethe
social maginal return of capital* In the caseof intraregionalknowledge
diffusion, savingsand investmentsare too low, which can be correctedby

levying a tax on income;the tax revenueis assumedo be fully investedin

physicalcapital. Denotingthe tax rate on incomewith zy, the private mar

ginal return on capitalbecomesow (1) timesthe expressiongivenin

(4), asthe sharet, hasto be paid in tax. The optimal tax rate for intrare-
gional knowledgediffusion z, is:

T, =7, (8)

Assumingconstantreturnsto homecapital,i.e. a+y=1, the optimal tax rate
for intraregionaknowledgediffusion z,,* is given by:

t=(1-a). (8

Accordingto (8) and (8), the optimal tax rate is equalto the production
elasticity of homeknowledgein the productionfunction (2). If a+y<1 and
Ko is constantthe incomelevel is higherin steady-statafter the tax has
beenintroduced;if a+y=1 andx, is constantthe equilibrium growth rate
becomesigherafterthe tax hasbeenintroduced.The tax rategivenin (8)
leadsto the optimal long-termgrowth rate for the homeregion. If a+y=1
and x, is constantlyincreasingover time, an increasinggrowth rate is ob-
tainedin theory; but this caseseemsto be the exceptionin reality® Total
tax revenueis dependenton the amountof knowledgethat stemsfrom
otherregions.This is becausehe higherx,, the higheris the returnon cap-
ital and the larger are the spillovers so that the amountof capital invest-
mentsthat shouldbe financedby taxesmustalsobe higher

Next, the optimal tax for interregionalknowledge diffusion is deter
mined. So far | haveassumedhat knowledgefrom otherregionswhich is
readyfor usein the homeregion,x,, is obtainedwithout cost. As a conse-
guencethe higherx, the betterfor the homeregionalthoughan increasing
Ko hasa decreasingnaginal return on incomeof the homeregion. In this
section,interregionaknowledgediffusion is assumedo be costly so thatit
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becomegpossibleto calculatean optimal level of knowledgetransmission
from otherregions.The costsof interregionaknowledgetransmissiorcon-

sist of all expenseghat occurwhen establishingnterregionalcommunica-
tion channelsfor scientific, technical,and organisationa knowledge ex-

change.Once thesecosts are known, thereis an optimal combinationof

home and foreign knowledgeaccordingto (1) and (2). When investingin

communicatiorchannelsfewer resourcesan be usedfor the accumuléion

of physicalcapital, which harmsincome and home knowledge.Now sup-

poseit is possibleto increaser, (which is only the part of the immense
knowledgefrom otherregionsthat is readily availableat home) ywunits by

investingone unit of Y in interregionalcommunicatiometworks.The share
of Y that is investedin this way is denotedby Y,, with Y,=17,-Y. 7, can

againbe thoughtof asthe tax ratethat the regionalauthority levieson in-

comefor this purposeThis gives:

Ko=W - Yo=w -7, Y. 9)

The maginal returnon capitalis now (1) timesthe expressiongjivenin
(4), if we assumen+y<1, or (1-,) timesthe expressionsn (6), assuming
a+y=1, asthe sharer, of incomehasto be paid for public investmentBy
insertingthe productia function (2) into (9) and using (3), one obtainsan
expressiorfor x, which canbe insertedin (4) for the caseof a+y<1 or in
(6), assumingu+y=1. By taking the derivativeand settingthe resultingex-
pressionequal0 yields the optimal tax rate z,, for interregionalknowledge
diffusion which is identicalfor both casesf a+y<1 anda+y=1; it is given

by:
T =1. (10)

Accordingto (10), this rate doesnot dependon the productivity parameter
w. Thusy turnsout to be a shift parametemwith respecto productivity of
capitaland growth but hasno influenceon the optimal 7. It is interesting
to seewhetherthe generalimportanceof an intensiveknowledgeexchange
betweenfirms as suggestedn this sectionis reflectedin the judgementof
firm managersFirms are the “customers”of a location, so that their opin-
ion reflectsthe importanceof the differentlocationfactors.In a broadsur
vey for the region Cantonof Zurich, firms were askedwhich factorsthey
regardas mostimportantand which aslessimportantfor the choiceof lo-
cation for their firm.® Here, only the resultsconcerningknowledgediffu-
sion are reported.It turnedout that thereis a big differencebetweentele-
communicatiometworksand face-to-facecontacts.In the cited survey the
regional supply of telecommunicabn is rankedas secondmost important
factor out of a list of 38 location factors.The supply of highly skilled la-
bour is rankedin first place.It canbe amguedthat skills play an important
role in receivinginformation from other firms and in transformingit into
productiveuse.In contrastaccordingto the survey the face-to-faceaspects
of knowledgediffusion are lessvalued by firms. The correspondindoca-



Knowledgediffusion andthe developmenbf regions 259

tion factorsin the questionnairewere called “geographich proximity to
firms in the sameindustrial branch” and “geographicalproximity to re-
searchinstitutes,educationcentresandtechnoparks

The first resultsseemto be in line with theory The outcomeconcerning
face-to-facecontactsrequirestwo further commentsFirst, it is not entirely
clearhow accuratelythe factorsmentionedin the questionnaireorrespond
to whatis meantby knowledgediffusion in the theoreticalcontextof this
paper Knowledgeis a highly abstractterm and is very heterogeneoufor
different firms; also, interpersonaknowledgediffusion is not necessarily
tied to geographicaproximity. Secondand moreimportant,knowledgedif-
fusion is a positive externality so that everybodywantsto obtain knowl-
edgebut nobody wantsto pay for it. It is understandae that, in reality,
firms in the sameindustrialbranchform clustersin certainlocationsin or-
derto gain a high knowledge“profit” from otherfirms, but do not empha-
sise this motivatian in public. If the resultsof the surveyon face-to-face
contactsare interpretedin this way, the importanceof knowledge and
knowledgediffusion are and remainimportantissues.It thus seemsjusti-
fied to amgue that theory canin this casesupplemat personalbeliefs and
official surveystatementsf firm managerso providea more completepic-
ture of therealssituation.

The introductionof taxeson incomeas presentedn (8) and (10) raise
growth and welfare in the one-secto model which has beenusedso far.
The sameholdstrue in modelswith more sectorsprovidedthat the princi-
pal impact of knowledgeand knowledgediffusion on productivity remain
unchangedHowever the needto pursuepolicies as presentedn this sec-
tion will turn out to be differentin a multi-sectormodel. If regionalgoods
marketsbecomemore integratedthe influence of immobile factorson the
return of capital might becomenegative. The next questionsto be ad-
dressedconcernthe conditionsthat producethis unfavourableresult and
the possiblewaysto supportthe returnon capitalby changesn knowledge
diffusion. To deal with theseissues,the returnon capitalin a three sector
modelis calculatedn the following section.

4. Return on capital with threesectors

Assuminga+y=1 in the productia function (2), which yields a linear rela-
tionship betweenhome capitaland income, the mamginal productof capital
1 is equalto the averageproductor averagereturnof capital.In the defini-
tion of financial markets,u is the reciprocalof the price-earningsatio. In
principle, earningshave to be valued with a generalprice index and the
capitalgood with the price of capital.In the one-sectomodelusedso far,
thesepricesareidenticalasthe capitalgoodis producedwith the samepro-
duction technigueas the final consume goods.In a more realistic setting,
howevey the differencebetweenthesepricesis one of the key elementdo
determineaveragereturn of capital. Different pricesrequire a multi-sector
model,with at leastone sectorwhereearningsaccrueand one sectorwhere
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capital goodsare produced.Also, to model intersectoratrade we needat
leasttwo sectorsof tradablegoods.Only with a multi-sectormodelfor the
open economydoesit becomepossibleto capturethe separatémpact of

skilled and unskilled labour on capital productivty. Also, in a multi-sector
modelthe questionof intraregionaknowledgediffusionis decisiveif inter

regional knowledgediffusion is not strong enough.As a consequencef

globalisationin goods markets,it is possiblethat in a region fewer re-
sourcesare devotedto capitalinvestmentghat producepositive spillovers.
In this case,the stock of knowledgein the homeregionincreasedessrap-
idly. How can this happen?t is a fact that investmentactivities that in-

creasethe home knowledge stock are generally intensive in the use of

skilled labour® Now considerregionsthat are well suppliedwith skilled

labour relative to other regions.For theseregions,increasinginterregional
integrationin goodsmarketsmeansthat skilled labour becomeamnore and
more scarcein the integratedeconomicarea.According to standardtrade
theory we expectwagesof skilled labour to rise relative to other factor
prices.Then, capitalinvestmentmay be lessattractivecomparedo the pro-

ductionof consumptiorgoods.

In the following, | considera three-sectoeconomyin the homeregion.
The first sectoris assumedo producetraditional goodswith constantre-
turns to scale. The secondsectoris assumedo consistof differentiated
goodswhere earningsfor capital goodsaccrue;in the third sectorcapital
goodsare produced.Skilled labour S and unskilledlabour L areusedin all
sectors.The capitalgoods-sectois assumedo be the mostskilled labour
intensive sectoy the sectorof traditional goodsis the relatively most un-
skilled labourintensive sectorand differentiatedgoods lie in betweenin
this respect.n the first sectoy homogeneougoodsZ are producedunder
perfectcompetitionso that unit costc; correspondo the price pz accord-
ing to:

pZ:cZ:Za,Z-W,» (l:L,S) (11)

The a-parametersre unit labour input factors,the ws standfor the wages
of the two inputs unskilled labour L and skilled labour S, which are used
for the correspondig subscripts.In the secondsector the region is as-
sumedto producen differentiatedgoods denotedby % (j=1,...n) under
monopolisticcompetition.In a symmetricalequilibrium, the quantity x is
equalfor all n, which we will assumeVariablecostin x-productionarethe
labourcostfor skilled and unskilledlabour So, maginal costsc, in x-pro-
ductionaregiven by:

Cx = Zaix - Wi (l = L, S) . (12)

For demandstructurewe adoptthe Dixit and Stiglitz (1977) specification
of constantelasticity of substitutionbetweendifferentiatedgoods> With
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this approachthe price of an x-good is equalto maginal costs(11) aug-
mentedby a constanimark-upl/8, accordingto:

pr=c/f 0<p<1. (13)

Using X for the total sectoraloutput, i.e. X=n-x, and E for the expendi-
tures,i.e. E,=X-p,, aggregaterofits = areusing(13):

n=(1-p) Ex. (14)

Theseprofits are usedto cover the expensedor fixed costin the produc-
tion of x-goods.Fixed costsare paidto the third sectorwherecapitalgoods
are produced.Capital thus receivesa constantshareof the salesof the X-

sector It is assumedhat eachx-firm hasto acquireone unit of capital as
an up-front investmentbeforeit can start productiam, which yields n=K.®

The profit per x-good is the return per unit of capital.In this multi-sector
model,we getfor the profit per x-firm z;:

ni=(1-p) E/K. (15)

For the productionof new capital goods, skilled and unskilled labour are
usedasinputs. As for final goodsin the one-seair model, knowledgex is

assumedo be a proportionalfree input into the productionof capitalgoods
in this three-sectormodel. Thus the production function of the capital
goods sectoris (in continuousformulation) K=G (SL)« where G is a

functional for the effect of the labour inputs on capital output. Because
knowledgefrom other regionsis assumedo be an exogenousvariablein

this multi-sectormodel, we assumehe input of homeknowledgeto yield a

constantreturn of output of capital goods,i.e. y=1. Total knowledgeis

now:

K=k (r,)". (1)

For proportionalspilloverswe get x,=K accordingto (3). Then, the “out-

put” in the capital goodssectorcan be written as: K/K=g= G (S L)-(xo)".

In the following, the variableg is usedfor the sectoraloutputin the same
way asthe outputsX and Z of the othertwo sectors.The price of a capital
good pk is equalto unit labour costck divided by total knowledgein the
homeregionaccordingto (1') and(3), sothat:

CK DKW,
o Ry (=LS). (16)

Pk =

Assuming- to facilitate calculations- that total consumerexpendituresre
equalto oneat any pointin time,i.e. E = 1, the averagaeturnon capital «
is obtainedby the quotientof the per firm profit givenin (15) andthe cost
of producingone unit of capital given in (16) (see also Grossmanand
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Helpman1991, p. 61ff.). The averagereturnon capitalinvestmentss now
calculatedby using (13) and (12) which gives:

L X (1) (i=L,S). (17)

It canbe seenfrom (17) that the higherthe advantageof productdifferen-
tiation in the X-sector(lower f5), the larger the returnon capital.In addition
to the constant(1-0)/f, therearethreedistincteffectson the returnon capi-
tal in this three-setwr model. First, the relativelabourcostin the X- andK-
sector second,the quantity of producedx-goodsand, third, the level of
knowledgefrom otherregions.

5. Comparative dynamicsin the three sectorapproach

Let us derive the impact of interregiona knowledgediffusion on regional
growth in two steps.First, a graphicaland verbal explanationis presented
to demonstratehe basic effects at work and to show the differencefrom
the one-sectomodel most clearly Second,an analyticalderivationof the
impactof goodstradeon regionalgrowth will be presentd, which demon-
stratespossiblenegativedynamiceffects providedinterregionalknowledge
diffusion is not strongenough.Following equation(17), | beginthe verbal
explanationswith the relative labour cost effect and then commenton the
influenceof x-goodsand intraregionh knowledgediffusion on capital pro-
ductivity. | considerthe effect of rising interregionalintegrationon goods
marketswhich is observedtoday Accordingto tradetheory the effect of
increasinggoodsmarketintegrationcan be capturedby the comparisonof
autarkyand free trade,which is suficient to describethe relevantfeatures.
Assumethe homeregionto be richerin skilled labourthanits trading part-
ner regions. Then, referring to standardtrade theory the reward for un-
skilled labouris decrease@ndthe rewardfor skilled labouris increasedn
this region as a consequencef free trade’ If this expectadbn is correct
(which canbe shownby meansof the model, seebelow), the relative cost
effect on maginal and averagereturnof capitalis unambiguouslynegative
for a regionthatis relatively well-suppliedwith skilled labour The oppo-
site resultsapply to a regionthat is relatively well-suppliedwith unskilled
labour

ConsiderFig. 3 and assumegainthe homeregionto be relatively well-
suppliedwith skilled labour The p-curve representshe equilibrium levels
of capital productivity accordingto (17). The relative labour cost effect of
integratinggoodsmarketsis shownby the shift of the equilibrium point of
the economyto the left of the original u-curve, which meanslower re-
gional capital productinty and lower growth. A correspondig discrete
changein wages,i.e. in relative costs,lowers ¢ which is indicatedby the
solid arrow To counterthis effect, an increasdn the productionof x-goods
canleadtheregionbackto the original capitalproductivity andthe original
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X
A

% Fig. 3. Increasinggoodstradein are-
cx  gion with abundanskilled labour

growth rate. Increasingproductionin the X-sectorhasto be accomplished
by raisinginterregionalexport activities This effect is shownin Fig. 3 by
the dotted arrow pointing in the vertical direction. But a substantialin-
creasen k, will do aswell. Also, a combinatim of an increasen X and
1o Would be welcomefor the homeregion. As the chancedo increasen-
terregional exports are often limited, interregional knowledge diffusion
turnsout to be a powerfultool to preservehe regions long-termprosperity
if it becomeamore integratedin interregionh goodsmarkets.With a large
effort concerningan increasen k., the homeregionis evenableto over
compensatéor the negativeeffect of goodsmarketover time, which is in-
dicatedby the dottedarrow pointing north-eastn Fig. 3. It mustbe empha-
sisedthat the resultshere are only concernedwith regional dynamicsso
thatthe agumentfor staticgainsfrom interregionhtrade(sectoralspeciali-
sation,increasinggoodsvariety) remainsvalid in the dynamicsetting.

In the following, the formal derivationof comparativedynamicsis car
ried out in orderto weigh the relative labour cost effect againstthe impact
of increasingX-production.To demonstratehis effect mostclearly we ne-
glect interregionalknowledgediffusion, i.e. it is assumechere that #=0.
Denoting again unit labour input factorswith a-parameter and using the
variableg for the “output” of the investmentsector the equationsfor the
equilibriaon the labourmarketsfor L and S in the homeregionbecome:

[au] . ZZ] Xt [Zﬂ . m (18)

asz
Using the price-costrelations(11), (12) and (13), and denotingconsumer
expendituresy the variableE, Z and X in (18) can be substitutedby E,,
E,, px andp,. For comparativedynamics,one hasto observethat pricespy
and p, dependdirectly on wages,which will be determird endogenously
and that moving from autarkyto free trade can be introducedby a change
in Ex and E,. This is — accordingto standardtrade theory of comparative
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advantage- donein the following way. In a regionthatis abundanin the

supply of skilled labourS, the movefrom autarkyto freetradeincreases

intensive X-productionand prices in the X-sectorwhereasL-intensive Z-

productionand prices in the Z-sectordecreaseij.e. in the model, E, in-

creasesand E, decreasess a consequencef free trade.In the following,

the move to free tradeis representedby an increasen the “free tradepa-

rameter” {, which dependson symmetricalsectoralexpenditurechanges
(seeappendixfor the definition). Also, it can be referredto the fact that,

with E=1, the quotientof 7; given by equation(15) and of px of equation
(16) is equalto the averagereturnof capital x usedin equation(5). Here,
we setfor conveniene the depreciatiorrate equalto zero,i.e. 5=0.

With theseadditionalelementsequationg18) and (5) form a systemof
threeequationdor the threeendogenousariablesg, ws andw, (seeappen-
dix for details)® In equilibrium, the growth rate g as well as pricesand
wagesin the Z- and X-sectorsare constantwhereagricesof capitalgoods
decreasewith the samerate as the capital quantitiesand knowledgein-
creaseBy differentiationof this system,one obtainsthe impactof { on the
percentagehangeof the regionalgrowth rate and the two wagerates.The
resultfor the percentagehangeof the growthrateg is:

1

A
{—Z 0i(ALilsi — AsiOLi)— Y Avi(Osk — Osi)—>  Asi(Ory — em)] ¥4
(19)

i=Z,x,K; I'=Z, x
A>0

The /s are the factor sharesin the differentsectorsand the s are the cost
shares(as in standardtrade theory) with the correspondingsubscriptsfor

the labourinput in eachof the activities.g; is the elasticity of substitution
betweenskilled and unskilled labourin sectori. The determinantA is un-

ambiguouslypositive. According to the assumption®n the sectoralfactor
intensities the secondand the third term on the right handside of (20) are
negative as sx—0s;>0 and 0 —0, >0 for i'=Z, X. Assumingthe elastici-
ties of substitutionin the first termof (20) to be zero,the entirerelationbe-
tween{ andthe changein g becomesegative. This meansthatif technol-
ogy is characterisethy a Leontieffixed-coeficient productionfunction, the
impactof free tradeon regionaldevelopments unambiguouslyegative ln

this case,only anincreasdn interregionaknowledgediffusion can prevent
the regionfrom a lower developmenpath when moving to free trade.Al-

lowing for substitutionbetweenskilled and unskilled labour in the three
sectorsa positive sign of the first termis possiblebut by no meansguaran-
teed. Dependingon the sectoralmix of the region, the term A_;0si—Asfyi

with i=Z, x, K might be negativebut might also be positive, so that the
negativeinfluenceof goodstraderemains.
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This meansthat, for a regionwith abundanskilled labour interregional
knowledgediffusion is of specialimportane to reachdynamicgainsfrom
trade whereasinsuficient interregionalknowledgemight resultin regional
developmentbeing harmedby an opening of the regionaleconomy The
samesystemcan be usedto calculatethe effect of free trade on wages,
which yields the resultsof the StolperSamuedontheorem(seeEndnote?);
in the region considered,wages of unskilled labour decreasewhereas
wagesof skilled labourincreaseas a consequencef free trade.Remember
that, in this calculation,the static gainsfrom interregionaltradeare not di-
minishedby the dynamiceffects.

6. Concluding remarks

The presentpapershowsthat the differentkinds of intra- and interregional
knowledgetransmissio have seriousmacrodynamicconsequencesviore-
over, asknowledgediffusionis effective in the form of a positive external-
ity, spatialdiffusion of knowledgeis not on an optimal level in reality, It
also emegesthat globalisationin goodsmarketsis not necessarilypositive
for long-termdevelopmenbf regionsunderthe externalitiesof knowledge
production.For regionsthat are well-endowedwith skilled labour the real-
location of resourcesausedoy increasinggoodstradecan be negativefor
capital productivty and growth, if interregionb knowledgediffusion is not
effective. Thereforetheseregionsshould not only extendtheir traderela-
tions to obtain the various gains describedin traditional trade theory but
also improve interregionh knowledgetransmissionto avoid unfavourable
resourcereallocationeffects. The oppositeresultappliesto regionsthat are
well-endowedwith unskilledlabour

The dynamicperspectiveof this papershedsa somewhadifferentlight
on the causalrelation betweenthe non-EU membershipf the region Can-
ton of Zurich (alreadycitedin Sect.3) andthe recentdynamicunderperfor
manceof this economycomparedto other Europeanregions. It is sug-
gestedthat the problemfor developmenmight not be the lack of trading
opportunitieswhich are still at a very high level, but the incompleteinte-
grationin Europearknowledgenetworks.Onecane.g.plausiblyamgue that
the cross-borderestrictionson the marketsfor skilled labour harm learn-
ing-intensiveface-to-facecontactsto a certainextent.Also, the limited re-
gional availability of Europearhigh-speedrains and the difficult accesgo
Europearresearctcooperationdiminish interregiona knowledgediffusion.
Moreover regional telecommunidion networksare very expensivecom-
paredto the restof Europe,which might be a furtherreasonfor knowledge
diffusion beingat a suboptimalevel.

Becauseknowledgediffusion hasprovento be an importantpart of re-
gional economicrelations,future researctshouldbe directedtowardsa bet-
ter microeconomidoundatian of the efficiency in the absorptionof knowl-
edgefrom otherregions.In addition,more empiricalresultsare desirablen
this field. Microecononetric researchge.g. on patentcitationsand on the
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useof differentnetworks,could yield more insightson how the theoretical
models of knowledgetransmissio should be appropriatelyspecified. To
pursuethis goal, one should make full use of the existing casestudies.
Furtherinquiriesare also desirableon the relationbetweenintra- and inter
regionalknowledgediffusionin the regionalproductionfunction. Regional
concentratiorwill heavily dependon the extentthe two factorsare substi-
tutes or complementsThe larger the complementarityis, the strongerthe
persistencef regionalconcentratiorof economicactivities gets,despiteof
rapid progresdn informationtechnologies

An accuratespecificationof interregionalknowledgediffusion will also
be valuablein orderto answerthe questionwhetherregionsconvege or di-
vemge with regardto long-termincomelevels. The more importantintrare-
gional knowledgediffusion in relationto interregionh knowledgediffusion
is, the larger arethe divergenceforcescomparedo the convegenceforces.

Appendix

Insertingpricesand expendituresn labourmarkets(18) yields:

o) o)+ L) () i) = s

asz Pz sy Dx asg S

AssumingE=1 and =0, using (5), (15) and (16) givesthe capital market
equilibrium(i.e. the adjustedKeynesRamseyrule):

(l_ﬂ)Ex_

CK

g:

Differentiatingthe systemconsistingof thesethreeequationsusing hatsfor
percentagehangesand assuminga constaniabourforceyields:

cil cnn ALk wr, 4

1 e sk |- | ws| =6
g A

Ok Osx 35 g &

with i=Z, x, K; i’'=Z, X and:

= ZlLZHS,O', Z;L,/es,
c = Z A1i0siai — Z AriOsi
¢y = Z AsiOLio: — Z AsiOL
e = Z 2si0Li0; — Z AsiOsi
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é’l :—/NLLZ'EZ—XLX'EX >0 (fOI' Ex>0and Ez<0)
(= —Asz-Ez —dsc-Ex <0 (for E, >0 and E; < 0)
(=Ex>0.

To calculate the effect of free trade, we use the symmetrical case
{, = ={, = whichis referredto in the maintext.

Endnotes

1 If the financing of this subsidy causesdistortions,thesehaveto be weighedas a welfare
loss againstthe dynamic gains by the subsidies.In this model, however we disregardthe
labour/leisurechoicesuchthata tax on incomeor consumptioris hon-distorting.
2 |f the depreciatiorrate in (5) is not constantbut increaseswith rising knowledgeinflows
from otherregions,the growth rate might be constantwhich is morerealistic.
3 Theresultsarein Bretschgeet al. (1995).
“ This is especiallyobviousfor R&D investments.
5 Growth modelsusing differentiatedyoodsrely on the well-known symmetricCES-specifica-
tion of monopolisticcompetitionas introducedby Dixit and Stiglitz (1977) into economic
theory A more detailedmotivation for the assumptionsisedhereis providedin the expan-
sion-in-varietiesnodelusedin Grossmarand Helpman(1991)p. 43ff.
® Romer(1990) assumeshat capitalis the know-how i.e. the knowledgecapital that a firm
producingdifferentiatedgoods needsto acquirebeforeit can start production.In a broader
sensepne could also argue with othertypesof capital that are neededbefore productioncan
start.
” The amgumentis basedon the StolperSamuelsontheoremwhich is valid for the 2x2
HeckscheOhlin-Samuelsormodel and continuesto hold when adding an additional sector
gseee.g. Ethier1984,p. 144).

In the three sectormodel, the growth rate g is defined as the rate of increasein differen-
tiatedgoodsaswell asthe increasan capitalgoodsand knowledge.
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