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Abstract. The economicprosperityof a region is largely dependenton the
accumulationanddiffusion 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.It is also shownthat knowledgediffu-
sion becomesmoreimportantif regionsaremoreintegratedin interregional
goodstrade.Freetradein goodscan harm the developmentof a region if
the interregional knowledgediffusion is not intensiveenough.

1. Intr oduction

Knowledgeis an importantfactor for regionaldevelopment.An increasing
stockof knowledgeleadsto rising productivities of regionalinputs like la-
bour, physicalcapitalandhumancapital,aswell as to higherper-capitain-
comes.In the long run, the accumulation of knowledgelargely determines
the growth of total factor productivity, which is often consideredto be the
best availableindicator for regionaldevelopmentand competitiveness. As
the spatialpatternof an economyplaysa decisiverole in regionaldevelop-
ment,thediffusionof knowledgeis justasimportantasthecreationof knowl-
edge.Knowledgediffusioncanbedescribedasa specialtypeof communica-
tion concernedwith thespreadingof messagesthatconstitutenewideas(see
Rogers1983).Theintensityof knowledgediffusiondependson differentfac-
torsandmechanisms.Accordingto Marshall(1920),informationflows more
rapidly within a regionthanovergreaterdistances.He identifiesthe flow of
informationand ideasbetweenfirms of a certainregionasoneof the main
reasonsfor the spatialconcentrationof economicactivities. In regionaleco-
nomics, recentcontributionsemphasisethe impact of communicationnet-



works. A networkconsistsof interconnected individualswho are linked by
patternedflows of information.Networksmusthaveacertaindegreeof struc-
tureandstabilityto beeffective.Moreover, thedesignof anetworkis strongly
connectedto thecharacterof knowledgeit is ableto transmit(seeBattenetal.
1989).On theonehand,telecommunication networksareespeciallyefficient
for the transportation of informationconsistingof uncomplicatedmessages.
On the otherhand,high-speedtransportation networksareof specialimpor-
tanceto facilitate face-to-facecontacts.Thesecontactsare often necessary
for intensivelearningeffects,i.e. for the diffusion of knowledgewhich has
a morecomplexcharacter(seee.g.Kobayashi1995).Concerningtherelation
betweenthetwo typesof knowledgediffusionin regionaldevelopment,Gas-
parandGlaeser(1996)find in anempiricalstudythattelecommunicationmay
be a complement,or at leastnot a strongsubstitutefor face-to-faceinterac-
tions.This relationbetweenthetwo networktypesalsoappliesto therelation
betweenintraregional knowledgediffusion, which is relatively intensivein
face-to-facecontacts,and interregional knowledgediffusion, which is rela-
tively intensivein the useof telecommunication.

In termsof economictheory, knowledgeis not restrictedto the technical
aspectsof know-how for firms, but also includesknowledgecomponents
like institutional and organisationalknow-how. Concerningthe generation
of new knowledge,Arrow (1962)and subsequentliteratureassumeknowl-
edgeto be built up by positiveexternalitiesof certainactivitiescarriedout
undermarketconditions.Adding this elementto a neo-classicalproduction
sectorleadsto increasingreturnsto scalefor the aggregateregionalecono-
my, whereasa singlefirm still facesconstantor decreasingreturnsto scale.
This allows us to study increasingreturnsto scalein production while pre-
servingthe assumptionof perfectcompetition.With regardto interregional
goods trade, the existenceof positive externalitiesrequiresthe departure
from traditionaltradetheory. The sameholdstrue if we realisticallyassume
regionaleconomiesto tradein differentiatedgoods(seeKrugman1991and
Johansson1995). The dynamicconsequences of externaleffects of capital
accumulationand the existenceof differentiatedgoodsin openeconomies
have beendiscussedin a strandof literaturecombining new growth and
new trade theory (seeGrossmanand Helpman1991). Let us e.g. assume
knowledgestocksand factor rewardsto be unequalamongregions.Then,
the caseof increasingreturnsto scaleactivitiesbeingharmedby freegoods
tradecannotbe disregarded.What 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 inputsusedin-
tensively in the increasingreturnsto scaleactivities becomemore expen-
sive underthe conditionsof free goodsmarkets.In this respect,it hasbeen
demonstratedin recenttheoreticalcontributionshow resourcesare reallo-
catedafter the openingof free trade,both in casesof perfectinternational
knowledgediffusion (Grossmanand Helpman1991) and in casesof defi-
cient internationalknowledgediffusion (Bretschger 1997).
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In this paper, the different long-termeffects of both intra- and interre-
gional knowledgediffusion on regionaldevelopmentare derived in terms
of a dynamicmacroeconomicmodel.The approachbuilds on the first ex-
planationof Marshall (1920) for regionalconcentrationof economicactiv-
ities. It complementsKrugman(1991),who dealswith the other two Mar-
shallianexplanations,which are the critical size of pooled labour markets
and the variety of differentiatedgoods.The frameworkusedherecombines
elementsof economicgeography, location theory, 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 scaleeffect with respectto regional
productivity, incomeandwelfare.But the indirecteffectsareat leastas im-
portant.The most obviousof theseindirect effects is the impactof knowl-
edgediffusion on the rewardfor physicalcapital.In the modelusedbelow,
the return on the interregionally mobile factor capital is the centreof the
analysis.Knowledgeand labour inputsareassumedto havea large impact
on this return. A higher marginal product of capital attractscapital from
otherregionsandincreasesincentivesfor local savings.Any increasein the
aggregatephysicalcapitalraisesregionallabourproductivity andper-capita
income.

Both direct and indirect effectsof knowledgediffusion foster long-term
regionaldevelopment.Moreover, the lack of interregionalknowledgediffu-
sion can be harmful in a dynamicenvironmentthat is characterisedby re-
gional goodsmarketsthat arebecomingmoreandmoreintegrated.If inter-
regional tradevolumesincrease,relative factor pricesof immobile factors
change,which hasan influenceon the return of mobile factorsas well. I
will argue 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.In this case,interregional
knowledgediffusion can be a remedyto cure fading dynamic forces.Re-
gardinga certainregion,knowledgediffusion within the centreof a region
andbetweenthe centreandthe “hinterland” will not be distinguished in the
model.It is assumedthat a regionconsistsof concentrated economicactiv-
ities with a uniformly densenetwork of communication. But regionsas a
whole differ in the way they produceand communicateknowledgewithin
the region and in the way they haveaccessto knowledgethat stemsfrom
other regions.This reflects the differencesin regional infrastructure and
correspondsto the empiricalobservationthat differentregionsspecialisein
differenteconomicactivities, evenif they arehighly developed(seeDollar
and Wolff 1993). Following the discussionabove, the productiveuse of
knowledgefrom the home region is assumedto differ from the use of
knowledgethat is transmittedfrom otherregions.For both intra- and inter-
regionalknowledgediffusion, the exchangeof informationis not tied to di-
rect financial compensation, suchas the exchangeon goodsmarkets.This
lack of compensation, combinedwith the influence of knowledgeon re-
gional productivity, demonstratesthe normativedimensionof knowledge
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diffusion for regionaldevelopment,which is anotherfocusof this contribu-
tion.

The remainderof the paperis organisedasfollows. Section2 containsa
formal expositionof the influenceof the different typesof knowledgeand
of labour on regional return on capital in a one-sectormodel. In Sect.3,
optimal levels of intra- and interregional knowledgediffusion are calcu-
lated.Section4 presentsthe influenceof knowledgeand labouron the re-
turn of capital in a full-fledged three-sector model of the open regional
economy. In Sect.5, the resultsof comparativedynamicsarederived.Sec-
tion 6 concludes.

2. Return on capital and regionaldevelopment

Economicgeographyandthe economicsof locationfocuson increasingre-
turnsto scalebecausethis assumption is crucial to explainthe regionalcon-
centrationof certainindustries.In the following model,it is knowledgeand
knowledgespilloversthat createtheseincreasingreturns.To analysethe de-
velopmentof a region,threetypesof inputsaredistinguished below:physi-
cal capital, knowledge,and labour. Physicalcapital is a crucial factor for
regionaldevelopmentas it is highly mobile betweenregions.Investorsare
constantlyseekingthe location with the highestreturn on capital.This re-
turn is also an important parameterfor the amount of regional savings.
Thus it is oneof the objectivesfor regionaleconomicpolicy to achievean
attractivereturn on capital investments.In equilibrium, the return is equal
to marginal productof physicalcapital which is heavily influencedby in-
tra- and interregionalknowledgediffusion. In addition to physical capital
and knowledge,I introduceskilled and unskilled labour, which also have
an influence on the marginal product of physical capital. Labour is as-
sumedto stay within the regionalborders.ThereforeI do not focus on la-
bour migration, local public goods, or regional educationsystems;these
topics are beyondthe scopeof this contribution.To sum up, in the model
usedbelow the marginal productof physicalcapitaldiffersbetweenregions
becauseof different regionalendowmentsof skilled and unskilled labour,
different intraregional knowledgediffusion,anddifferencesin the accessto
knowledgefrom otherregions.

Total productive knowledge in the home region j is determinedby
knowledgejh, which stemsfrom the homeregion,and by knowledgejo,
which stemsfrom other regions and is ready for productive use in the
homeregion.Adoptinga Cobb-Douglasspecificationyields:

j � �jh�c � �jo�g �0 < c < 1; 0 < g < 1� : �1�
According to (1), both types of knowledgeare incompletesubstitutesas
suggestedby the discussionin the first section.The moreintensiveinterre-
gional knowledgediffusion is, the higher is jo. With interregional knowl-
edgediffusion beingweaker, jo getscloserto zero.In the following, I ana-
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lyse the consequences of variationsin jo on the developmentof the home
region. For this purpose,the marginal return to capital has to be deter-
mined. It makesa differencewhetherone arguesin termsof a one-sector
model or in termsof a multi-sectormodel. In this and the next sectionI
considera one-sectormodelandwrite aggregateregionalproductionYas:

Y � D � Ka � �jh�c � �jo�g � F�S;L� : �2�

In (2), D is a constantandF is a functionalwhich capturesthe influenceof
skilled labour S and unskilled labour L on aggregateoutput. One of the
characteristics of new growth theoryis the introductionof positiveexternal-
ities in the form of knowledgespillovers.In manyof thesemodels,it is as-
sumedthat capital investmentsentail learningeffectswhich raisethe stock
of public knowledge.In economicgeography, thesespilloversareoften as-
sumedto be existentwithin a locationor region.In this model,the positive
spilloversfrom capitalformationin the homeregionrepresentintraregional
knowledgediffusion. The assumptionof proportionalspilloversfrom capi-
tal formationin the homeregionto homeknowledgestockgives:

K � jh : �3�

Given (2) and(3), the (private)marginal productof capitall is determined
by:

l � a �D � Kÿ�1ÿaÿc� � �jo�g � F�S;L� : �4�

In steady-state,the growth rate of regional incomeis equal to the growth
rateof consumption.Regardingthe savingdecisionsof the households,this
growth rateg is given by the well-known Keynes-Ramsey rule. Assuming
the elasticityof intertemporal substitutionto be equalto 1 and the popula-
tion to be constantyields:

g � lÿ dÿ q : �5�

In this expressionq denotesthe discountrateof householdsand d the de-
preciationrate of capital.To determinethe impact of interregionalknowl-
edgediffusion, two caseshaveto be distinguished:decreasingandconstant
returnsto capital.If a+c<1, we havedecreasingreturnsto capital.The im-
pactof a discreteincreasein jo inducesadjustmentgrowth in the homere-
gion as represented in Fig. 1. From (2) it can be seenthat jo hasa direct
impacton regionalincome.But this impact is only on the level of income
and not on the growth rate.From Fig. 1 it becomesevidentthat the influ-
enceof j0 is intensifiedby the inducedincreasein the stock of physical
capitaland by additionalpositivespilloversto homeknowledge.The solid
line showsthe effect of a discreteincreasein jo, the dottedline indicatesa
further increasein jo . A large enoughconstantincreasein jo, however,
allows the regionto reacha constantgrowth rateevenwith a+c<1.
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In analogyto new growth theory, the intensity of intraregional knowl-
edgespilloverscan be suchthat constantreturnsto aggregatecapital (con-
sisting of physical capital and home knowledge)and a linear relationship
betweenaggregatecapital and income are obtained.Thus the marginal
productof capital investmentsin the homeregion is constant.In the pro-
duction function (2) and using (3) this is the caseif we assumea+c=1.
Thenthe marginal productof capitalbecomes:

l � a �D � �jo�g � F�S;L� : �6�
It is evidentfrom (6) thatjo actsnow asa scalefactorwith respectto mar-
ginal productof capitalandby (5) to the long-termgrowth rate.The effect
of a discreteincreasein jo is, under the new assumptions, representedin
Fig. 2 with solid lines.Again, the dottedline indicatesa further increasein
jo .
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Fig. 2. Interregionalknowledgediffu-
sion with constantreturnsto capital



3. Optimal knowledgediffusion

Becauseknowledgespilloversare externalities which are not compensated
in a marketeconomy, knowledgediffusion is not on an optimal level. For
the derivationof optimal knowledgediffusion, we have to distinguishbe-
tween intra- and interregionalknowledgediffusion. In the following, the
optimal policy measuresare calculatedfor both typesof externalities. Re-
gardingintraregionalknowledgediffusion, the social returnon homecapi-
tal formationis:

l � �a� c� �D � Kÿ�1ÿaÿc� � �jo�g � F�S;L� �7�

which is biggerthanthe privatereturngiven in (4) asc>0. It is an optimal
policy to subsidisecapital investmentsso that private investorsreceivethe
social marginal return of capital.1 In the caseof intraregionalknowledge
diffusion, savingsand investmentsare too low, which can be correctedby
levying a tax on income;the tax revenueis assumedto be fully investedin
physicalcapital.Denotingthe tax rateon incomewith sh, the privatemar-
ginal returnon capitalbecomesnow (1–sh) times the expressionsgiven in
(4), as the sharesh hasto be paid in tax. The optimal tax rate for intrare-
gional knowledgediffusion sh

* is:

s�h � c : �8�

Assumingconstantreturnsto homecapital,i.e. a+c=1, the optimal tax rate
for intraregionalknowledgediffusion sh* is given by:

s�h � �1ÿ a� : �80�

According to (8) and (8'), the optimal tax rate is equal to the production
elasticityof homeknowledgein the productionfunction (2). If a+c<1 and
j0 is constant,the incomelevel is higher in steady-stateafter the tax has
beenintroduced;if a+c=1 and jo is constant,the equilibrium growth rate
becomeshigherafter the tax hasbeenintroduced.The tax rategiven in (8')
leadsto the optimal long-termgrowth rate for the homeregion. If a+c=1
andjo is constantlyincreasingover time, an increasinggrowth rate is ob-
tainedin theory; but this caseseemsto be the exceptionin reality.2 Total
tax revenueis dependenton the amount of knowledgethat stemsfrom
otherregions.This is becausethe higherjo, the higheris the returnon cap-
ital and the larger are the spilloversso that the amountof capital invest-
mentsthat shouldbe financedby taxesmustalsobe higher.

Next, the optimal tax for interregionalknowledgediffusion is deter-
mined.So far I haveassumedthat knowledgefrom other regionswhich is
readyfor use in the homeregion,jo, is obtainedwithout cost.As a conse-
quence,the higherjo the betterfor the homeregionalthoughan increasing
jo hasa decreasingmarginal returnon incomeof the homeregion. In this
section,interregionalknowledgediffusion is assumedto be costly so that it
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becomespossibleto calculatean optimal level of knowledgetransmission
from otherregions.The costsof interregionalknowledgetransmissioncon-
sist of all expensesthat occur when establishinginterregionalcommunica-
tion channelsfor scientific, technical,and organisational knowledgeex-
change.Once thesecostsare known, there is an optimal combinationof
homeand foreign knowledgeaccordingto (1) and (2). When investingin
communicationchannels,fewer resourcescanbe usedfor the accumulation
of physicalcapital,which harmsincomeand homeknowledge.Now sup-
poseit is possibleto increasejo (which is only the part of the immense
knowledgefrom other regionsthat is readily availableat home)wunits by
investingoneunit of Y in interregionalcommunicationnetworks.The share
of Y that is investedin this way is denotedby Yo, with Yo=so·Y. so can
againbe thoughtof as the tax rate that the regionalauthority levieson in-
comefor this purpose.This gives:

jo � w � Yo � w � so � Y : �9�

The marginal returnon capitalis now (1–so) timesthe expressionsgiven in
(4), if we assumea+c<1, or (1–so) times the expressionsin (6), assuming
a+c=1, as the shareso of incomehasto be paid for public investment.By
insertingthe production function (2) into (9) and using (3), one obtainsan
expressionfor jo which can be insertedin (4) for the caseof a+c<1 or in
(6), assuminga+c=1. By taking the derivativeandsettingthe resultingex-
pressionequal0 yields the optimal tax rate so

* for interregionalknowledge
diffusion which is identicalfor both casesof a+c<1 anda+c=1; it is given
by:

s�o � g : �10�

Accordingto (10), this ratedoesnot dependon the productivity parameter
w. Thusw turnsout to be a shift parameterwith respectto productivity of
capitaland growth but hasno influenceon the optimal so. It is interesting
to seewhetherthe generalimportanceof an intensiveknowledgeexchange
betweenfirms as suggestedin this sectionis reflectedin the judgementof
firm managers.Firms are the “customers”of a location,so that their opin-
ion reflectsthe importanceof the different location factors.In a broadsur-
vey for the region Cantonof Zurich, firms were askedwhich factorsthey
regardas most importantand which as lessimportantfor the choiceof lo-
cation for their firm.3 Here, only the resultsconcerningknowledgediffu-
sion are reported.It turnedout that thereis a big differencebetweentele-
communicationnetworksand face-to-facecontacts.In the cited survey, the
regionalsupply of telecommunication 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 can be arguedthat skills play an important
role in receivinginformation from other firms and in transformingit into
productiveuse.In contrast,accordingto the survey, the face-to-faceaspects
of knowledgediffusion are lessvaluedby firms. The correspondingloca-
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tion factors in the questionnairewere called “geographical 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 comments.First, it is not entirely
clearhow accuratelythe factorsmentionedin the questionnairecorrespond
to what is meantby knowledgediffusion in the theoreticalcontextof this
paper. Knowledgeis a highly abstractterm and is very heterogeneousfor
different firms; also, interpersonalknowledgediffusion is not necessarily
tied to geographicalproximity. Second,andmoreimportant,knowledgedif-
fusion is a positive externality, so that everybodywants to obtain knowl-
edgebut nobody wants to pay for it. It is understandable that, in reality,
firms in the sameindustrialbranchform clustersin certainlocationsin or-
der to gain a high knowledge“profit” from other firms, but do not empha-
sise this motivation in public. If the resultsof the survey on face-to-face
contactsare interpretedin this way, the importanceof knowledge and
knowledgediffusion are and remain important issues.It thus seemsjusti-
fied to argue that theory can in this casesupplement personalbeliefs and
official surveystatementsof firm managersto providea morecompletepic-
tureof the realsituation.

The introductionof taxeson incomeas presentedin (8) and (10) raise
growth and welfare in the one-sector model which has beenusedso far.
The sameholds true in modelswith moresectors,providedthat the princi-
pal impact of knowledgeand knowledgediffusion on productivity remain
unchanged.However, the needto pursuepolicies as presentedin this sec-
tion will turn out to be different in a multi-sectormodel. If regionalgoods
marketsbecomemore integrated,the influenceof immobile factorson the
return of capital might becomenegative.The next questionsto be ad-
dressedconcernthe conditions that producethis unfavourableresult and
the possiblewaysto supportthe returnon capitalby changesin knowledge
diffusion. To deal with theseissues,the return on capital in a threesector
modelis calculatedin the following section.

4. Return on capital with threesectors

Assuminga+c=1 in the production function (2), which yields a linear rela-
tionshipbetweenhomecapitaland income,the marginal productof capital
l is equalto the averageproductor averagereturnof capital.In the defini-
tion of financial markets,l is the reciprocalof the price-earningsratio. In
principle, earningshave to be valued with a generalprice index and the
capitalgood with the price of capital.In the one-sector modelusedso far,
thesepricesareidenticalasthe capitalgoodis producedwith the samepro-
duction techniqueas the final consumer goods.In a more realisticsetting,
however, the differencebetweenthesepricesis one of the key elementsto
determineaveragereturn of capital.Different pricesrequirea multi-sector
model,with at leastonesectorwhereearningsaccrueandonesectorwhere
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capital goodsare produced.Also, to model intersectoraltradewe needat
leasttwo sectorsof tradablegoods.Only with a multi-sectormodel for the
open economydoesit becomepossibleto capturethe separateimpact of
skilled and unskilled labour on capitalproductivity. Also, in a multi-sector
modelthe questionof intraregional knowledgediffusion is decisiveif inter-
regional knowledgediffusion is not strong enough.As a consequenceof
globalisationin goods markets,it is possiblethat in a region fewer re-
sourcesare devotedto capital investmentsthat producepositivespillovers.
In this case,the stockof knowledgein the homeregion increaseslessrap-
idly. How can this happen?It is a fact that investmentactivities that in-
creasethe home knowledgestock are generally intensive in the use of
skilled labour.4 Now considerregionsthat are well suppliedwith skilled
labour relative to other regions.For theseregions,increasinginterregional
integrationin goodsmarketsmeansthat skilled labour becomesmore and
more scarcein the integratedeconomicarea.According to standardtrade
theory, we expectwagesof skilled labour to rise relative to other factor
prices.Then,capitalinvestmentmay be lessattractivecomparedto the pro-
ductionof consumptiongoods.

In the following, I considera three-sectoreconomyin the homeregion.
The first sectoris assumedto producetraditional goodswith constantre-
turns to scale.The secondsector is assumedto consist of differentiated
goodswhereearningsfor capital goodsaccrue;in the third sectorcapital
goodsareproduced.Skilled labourS andunskilledlabourL areusedin all
sectors.The capitalgoods-sectoris assumedto be the most skilled labour-
intensivesector, the sectorof traditional goods is the relatively most un-
skilled labour-intensivesectorand differentiatedgoods lie in betweenin
this respect.In the first sector, homogeneousgoodsZ are producedunder
perfectcompetitionso that unit cost cZ correspondto the price pZ accord-
ing to:

pZ � cZ �
X
i

aiZ � wi �i � L;S� : �11�

The a-parametersare 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 corresponding subscripts.In the secondsector, the region is as-
sumedto producen differentiatedgoods denotedby xj (j =1,...,n) under
monopolisticcompetition.In a symmetricalequilibrium, the quantity x is
equalfor all n, which we will assume.Variablecost in x-productionarethe
labourcost for skilled and unskilled labour. So, marginal costscx in x-pro-
ductionaregiven by:

cx �
X
i

aix � wi �i � L;S� : �12�

For demandstructurewe adopt the Dixit and Stiglitz (1977) specification
of constantelasticity of substitutionbetweendifferentiatedgoods.5 With
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this approach,the price of an x-good is equal to marginal costs(11) aug-
mentedby a constantmark-up1/b, accordingto:

px � cx=b 0 < b < 1 : �13�

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

p � �1ÿ b� � Ex : �14�

Theseprofits are usedto cover the expensesfor fixed cost in the produc-
tion of x-goods.Fixed costsarepaid to the third sectorwherecapitalgoods
are produced.Capital thus receivesa constantshareof the salesof the X-
sector. It is assumedthat eachx-firm hasto acquireone unit of capital as
an up-front investmentbefore it can start production, which yields n=K.6

The profit per x-good is the return per unit of capital. In this multi-sector
model,we get for the profit per x-firm pj:

pj � �1ÿ b� � Ex=K : �15�

For the productionof new capital goods,skilled and unskilled labour are
usedas inputs.As for final goodsin the one-sector model,knowledgej is
assumedto be a proportionalfree input into the productionof capitalgoods
in this three-sectormodel. Thus the production function of the capital
goods sector is (in continuousformulation) K̇ =G (S,L)·j where G is a
functional for the effect of the labour inputs on capital output. Because
knowledgefrom other regionsis assumedto be an exogenousvariablein
this multi-sectormodel,we assumethe input of homeknowledgeto yield a
constantreturn of output of capital goods, i.e. c=1. Total knowledgeis
now:

j � jh � �jo�g : �10�

For proportionalspilloverswe get jh=K accordingto (3). Then, the “out-
put” in the capital goodssectorcan be written as: K̇ /K=g= G (S,L)·(jo)

g.
In the following, the variableg is usedfor the sectoraloutput in the same
way as the outputsX andZ of the other two sectors.The price of a capital
good pK is equalto unit labour cost cK divided by total knowledgein the
homeregionaccordingto (1') and(3), so that:

pK � cK
K � �jo�g �

P
i aiK � wi
K � �jo�g �i � L;S� : �16�

Assuming– to facilitatecalculations– that total consumerexpendituresare
equalto oneat any point in time, i.e. E = 1, the averagereturnon capitall
is obtainedby the quotientof the per firm profit given in (15) and the cost
of producing one unit of capital given in (16) (see also Grossmanand
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Helpman1991,p. 61ff.). The averagereturnon capital investmentsis now
calculatedby using(13) and(12) which gives:

l � �1ÿ b�
b
�
P

i aix � wiP
i aiK � wi

� X � �jo�g �i � L;S� : �17�

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

5. Comparative dynamics in the threesectorapproach

Let us derive the impact of interregional knowledgediffusion on regional
growth in two steps.First, a graphicaland verbal explanationis presented
to demonstratethe basiceffects at work and to show the differencefrom
the one-sectormodel most clearly. Second,an analyticalderivationof the
impactof goodstradeon regionalgrowth will be presented, which demon-
stratespossiblenegativedynamiceffects providedinterregionalknowledge
diffusion is not strongenough.Following equation(17), I begin the verbal
explanationswith the relative labour cost effect and then commenton the
influenceof x-goodsand intraregional knowledgediffusion on capitalpro-
ductivity. I considerthe effect of rising interregionalintegrationon goods
marketswhich is observedtoday. According to trade theory, the effect of
increasinggoodsmarketintegrationcan be capturedby the comparisonof
autarkyand free trade,which is sufficient to describethe relevantfeatures.
Assumethe homeregionto be richer in skilled labourthanits tradingpart-
ner regions.Then, referring to standardtrade theory, the reward for un-
skilled labour is decreasedandthe rewardfor skilled labour is increasedin
this region as a consequenceof free trade.7 If this expectation is correct
(which can be shownby meansof the model,seebelow), the relativecost
effect on marginal and averagereturnof capital is unambiguouslynegative
for a region that is relatively well-suppliedwith skilled labour. The oppo-
site resultsapply to a region that is relatively well-suppliedwith unskilled
labour.

ConsiderFig. 3 andassumeagainthe homeregionto be relativelywell-
suppliedwith skilled labour. The l-curve representsthe equilibrium levels
of capitalproductivity accordingto (17). The relative labour cost effect of
integratinggoodsmarketsis shownby the shift of the equilibriumpoint of
the economyto the left of the original l-curve, which meanslower re-
gional capital productivity and lower growth. A corresponding discrete
changein wages,i.e. in relativecosts,lowersl which is indicatedby the
solid arrow. To counterthis effect, an increasein the productionof x-goods
canleadthe regionbackto the original capitalproductivityandthe original
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growth rate. Increasingproductionin the X-sectorhas to be accomplished
by raising interregionalexport activities. This effect is shownin Fig. 3 by
the dotted arrow pointing in the vertical direction. But a substantialin-
creasein jo will do as well. Also, a combination of an increasein X and
jo would be welcomefor the homeregion.As the chancesto increasein-
terregional exports are often limited, interregional knowledge diffusion
turnsout to be a powerful tool to preservethe region’s long-termprosperity
if it becomesmore integratedin interregional goodsmarkets.With a large
effort concerningan increasein jo, the homeregion is evenable to over-
compensatefor the negativeeffect of goodsmarketover time, which is in-
dicatedby the dottedarrowpointingnorth-eastin Fig. 3. It mustbe empha-
sisedthat the resultshere are only concernedwith regional dynamicsso
that the argumentfor staticgainsfrom interregional trade(sectoralspeciali-
sation,increasinggoodsvariety) remainsvalid in the dynamicsetting.

In the following, the formal derivationof comparativedynamicsis car-
ried out in order to weigh the relativelabourcosteffect againstthe impact
of increasingX-production.To demonstratethis effect most clearly, we ne-
glect interregionalknowledgediffusion, i.e. it is assumedhere that g=0.
Denoting again unit labour input factorswith a-parameters and using the
variableg for the “output” of the investmentsector, the equationsfor the
equilibriaon the labourmarketsfor L andS in the homeregionbecome:�

aLZ
aSZ

�
� Z �

�
aLx
aSx

�
� X �

�
aLK
aSK

�
� g �

�
L

S

�
: �18�

Using the price-costrelations(11), (12) and (13), and denotingconsumer
expendituresby the variableE, Z and X in (18) can be substitutedby Ex,
Ez, px and pz. For comparativedynamics,one hasto observethat pricespx

and pz dependdirectly on wages,which will be determined endogenously,
and that moving from autarkyto free tradecan be introducedby a change
in Ex and Ez. This is – accordingto standardtradetheory of comparative
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advantage– donein the following way. In a region that is abundantin the
supplyof skilled labourS, the movefrom autarkyto free tradeincreasesS-
intensiveX-productionand prices in the X-sectorwhereasL-intensiveZ-
productionand prices in the Z-sectordecrease,i.e. in the model, Ex in-
creasesand Ez decreasesas a consequenceof free trade.In the following,
the move to free tradeis representedby an increasein the “free tradepa-
rameter” f, which dependson symmetricalsectoralexpenditurechanges
(seeappendixfor the definition). Also, it can be referredto the fact that,
with E=1, the quotientof pj given by equation(15) andof pK of equation
(16) is equalto the averagereturnof capitall usedin equation(5). Here,
we setfor convenience the depreciationrateequalto zero,i.e. d=0.

With theseadditionalelements,equations(18) and(5) form a systemof
threeequationsfor the threeendogenousvariablesg, wS andwL (seeappen-
dix for details).8 In equilibrium, the growth rate g as well as prices and
wagesin the Z- andX-sectorsareconstant,whereaspricesof capitalgoods
decreasewith the samerate as the capital quantitiesand knowledgein-
crease.By differentiationof this system,oneobtainsthe impactof f on the
percentagechangeof the regionalgrowth rateand the two wagerates.The
resultfor the percentagechangeof the growth rateĝ is:

ĝ � 1

D�
ÿ
X
i

ri�kLihSi ÿ kSihLi�ÿ
X
i0

kLi0 �hSK ÿ hSi0 �ÿ
X
i0

kSi0 �hLi0 ÿ hLK�
�
� f

�19�
i � Z; x; K ; i0 � Z; x
D > 0

The ks are the factor sharesin the differentsectorsand the hs are the cost
shares(as in standardtrade theory) with the correspondingsubscriptsfor
the labour input in eachof the activities.ri is the elasticityof substitution
betweenskilled and unskilled labour in sectori. The determinantD is un-
ambiguouslypositive.According to the assumptionson the sectoralfactor
intensities,the secondand the third term on the right handsideof (20) are
negative,ashSK–hSi'>0 andhLi'–hLK>0 for i'=Z, X. Assumingthe elastici-
tiesof substitutionin the first termof (20) to be zero,the entirerelationbe-
tweenf and the changein g becomesnegative.This meansthat if technol-
ogy is characterisedby a Leontief fixed-coefficient productionfunction, the
impactof free tradeon regionaldevelopmentis unambiguouslynegative.In
this case,only an increasein interregionalknowledgediffusion canprevent
the region from a lower developmentpath when moving to free trade.Al-
lowing for substitutionbetweenskilled and unskilled labour in the three
sectors,a positivesign of the first termis possiblebut by no meansguaran-
teed.Dependingon the sectoralmix of the region, the term kLihSi–kSihLi

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 abundantskilled labour, interregional
knowledgediffusion is of specialimportance to reachdynamicgainsfrom
tradewhereasinsufficient interregionalknowledgemight result in regional
developmentbeing harmedby an openingof the regional economy. The
samesystemcan be used to calculatethe effect of free trade on wages,
which yields the resultsof the Stolper-Samuelson theorem(seeEndnote7);
in the region considered,wages of unskilled labour decreasewhereas
wagesof skilled labour increaseasa consequenceof free trade.Remember
that, in this calculation,the staticgainsfrom interregionaltradearenot di-
minishedby the dynamiceffects.

6. Concluding remarks

The presentpapershowsthat the differentkinds of intra- and interregional
knowledgetransmission have seriousmacrodynamicconsequences.More-
over, asknowledgediffusion is effective in the form of a positiveexternal-
ity, spatialdiffusion of knowledgeis not on an optimal level in reality. It
alsoemergesthat globalisationin goodsmarketsis not necessarilypositive
for long-termdevelopmentof regionsunderthe externalitiesof knowledge
production.For regionsthat arewell-endowedwith skilled labour, the real-
locationof resourcescausedby increasinggoodstradecan be negativefor
capitalproductivity and growth, if interregional knowledgediffusion is not
effective. Thereforetheseregionsshould not only extendtheir trade rela-
tions to obtain the variousgains describedin traditional trade theory, but
also improve interregional knowledgetransmissionto avoid unfavourable
resourcereallocationeffects.The oppositeresultappliesto regionsthat are
well-endowedwith unskilledlabour.

The dynamicperspectiveof this papershedsa somewhatdifferent light
on the causalrelationbetweenthe non-EUmembershipof the regionCan-
ton of Zurich (alreadycited in Sect.3) andthe recentdynamicunderperfor-
manceof this economycomparedto other Europeanregions. It is sug-
gestedthat the problemfor developmentmight not be the lack of trading
opportunities,which are still at a very high level, but the incompleteinte-
grationin Europeanknowledgenetworks.Onecane.g.plausiblyarguethat
the cross-borderrestrictionson the marketsfor skilled labour harm learn-
ing-intensiveface-to-facecontactsto a certainextent.Also, the limited re-
gional availability of Europeanhigh-speedtrainsand the difficult accessto
Europeanresearchcooperationdiminish interregional knowledgediffusion.
Moreover, regional telecommunication networksare very expensivecom-
paredto the restof Europe,which might be a further reasonfor knowledge
diffusion beingat a suboptimallevel.

Becauseknowledgediffusion hasprovento be an importantpart of re-
gional economicrelations,future researchshouldbe directedtowardsa bet-
ter microeconomicfoundation of the efficiency in the absorptionof knowl-
edgefrom otherregions.In addition,moreempiricalresultsaredesirablein
this field. Microeconometric research,e.g. on patentcitationsand on the
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useof differentnetworks,could yield more insightson how the theoretical
models of knowledgetransmission should be appropriatelyspecified.To
pursuethis goal, one should make full use of the existing casestudies.
Furtherinquiriesarealsodesirableon the relationbetweenintra- and inter-
regionalknowledgediffusion in the regionalproductionfunction. Regional
concentrationwill heavily dependon the extentthe two factorsare substi-
tutesor complements. The larger the complementarityis, the strongerthe
persistenceof regionalconcentrationof economicactivitiesgets,despiteof
rapidprogressin informationtechnologies.

An accuratespecificationof interregionalknowledgediffusion will also
be valuablein orderto answerthe questionwhetherregionsconverge or di-
verge with regardto long-termincomelevels.The more importantintrare-
gional knowledgediffusion in relationto interregional knowledgediffusion
is, the larger arethe divergenceforcescomparedto the convergenceforces.

Appendix

Insertingpricesandexpendituresin labourmarkets(18) yields:�
aLZ
aSZ

�
�
�
EZ
pZ

�
�
�
aLx
aSx

�
�
�
Ex
px

�
�
�
aLK
aSK

�
� g �

�
L

S

�
:

AssumingE=1 and d=0, using (5), (15) and (16) gives the capitalmarket
equilibrium(i.e. the adjustedKeynesRamseyrule):

g � �1ÿ b� � Ex
cK

ÿ q :

Differentiatingthe systemconsistingof thesethreeequations, usinghatsfor
percentagechanges,andassuminga constantlabourforceyields:

c11 c12 kLK
c21 c22 kSK
hLK hSK

g
g�q

24 35 � ŵL
ŵS
ĝ

24 35 � f1

f2

f3

24 35
with i =Z, x, K; i'=Z, x and:

c11 � ÿ
X
i

kLihSiri ÿ
X
i0

kLi0hSi0

c12 �
X
i

kLihSiri ÿ
X
i0

kLi0hSi0

c21 �
X
i

kSihLiri ÿ
X
i0

kSi0hLi0

c22 � ÿ
X
i

kSihLiri ÿ
X
i0

kSi0hSi0
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f1 � ÿkLZ � ÊZ ÿ kLx � Êx > 0 �for Êx > 0 and ÊZ < 0�
f2 � ÿkSZ � ÊZ ÿ kSx � Êx < 0 �for Êx > 0 and ÊZ < 0�
f3 � Êx > 0 :

To calculate the effect of free trade, we use the symmetrical case
f1 � ÿf2 � f which is referredto in the main text.

Endnotes

1 If the financing of this subsidycausesdistortions,thesehave to be weighedas a welfare
loss againstthe dynamic gains by the subsidies.In this model, however, we disregardthe
labour/leisurechoicesuchthat a tax on incomeor consumptionis non-distorting.
2 If the depreciationrate in (5) is not constantbut increaseswith rising knowledgeinflows
from otherregions,the growth ratemight be constantwhich is morerealistic.
3 The resultsarein Bretschgeret al. (1995).
4 This is especiallyobviousfor R&D investments.
5 Growth modelsusingdifferentiatedgoodsrely on the well-knownsymmetricCES-specifica-
tion of monopolisticcompetitionas introducedby Dixit and Stiglitz (1977) into economic
theory. A more detailedmotivation for the assumptionsusedhere is provided in the expan-
sion-in-varietiesmodelusedin GrossmanandHelpman(1991)p. 43ff.
6 Romer(1990) assumesthat capital is the know-how i.e. the knowledgecapital that a firm
producingdifferentiatedgoodsneedsto acquirebefore it can start production.In a broader
sense,one could also argue with other typesof capital that areneededbeforeproductioncan
start.
7 The argument is basedon the Stolper-Samuelsontheorem which is valid for the 2×2
Heckscher-Ohlin-Samuelsonmodel and continuesto hold when adding an additional sector
(seee.g.Ethier1984,p. 144).
8 In the threesectormodel, the growth rate g is definedas the rate of increasein differen-
tiatedgoodsaswell asthe increasein capitalgoodsandknowledge.
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