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1 Introduction
A s itis oftenargued, theregionaldistributionofindustrialactivities insidetheEuro-
peanU nion(EU ) isnotuniform(seeA miti 19 9 9 ). Indeeditdisplayslargeareasinwhich
industrialclusters of…rms concentrate. Ifonedeeps insidethestructureoftheEuro-
peanclusters, twomainstructuralformsappear. O netypelookslikeasimplephysical
agglomerationofautonomous …rms inboundedareas (e.g. various diversi…edcities as
L ondon, N ewYork, Paris), whiletheothertypeappearsasaformofcoordinationdevice
among…rms. In thesecondcase, clusters areendowedwithvarious inter-…rm organi-
zations. A nexampleofthis secondkindofclusters arethe industrialnetworks which
includetheM arshallianindustrialdistricts.

W econcentrateouranalysisonthis secondkindofclusterssincetheydisplayinter-
estingfeaturesaslocalformsofagglomerations. Indeedtheyseemtofostertheeconomic
developmentofthelocalenvironmentinwhichtheyaresettled. A fewstylizedfactshelp
in supportingthis statement. O neofthemostimportantcase-studies is theeconomic
reconversionofW ales (O ECD 19 9 6andCookeandM organ(19 9 8)). T heW elshD evel-
opmentA gency(theagencyinchargeofthereorganizationoftheindustrialactivityin
W ales)accomplishesitstasksbysustainingthecreationoflocalnetworksof…rmsinorder
tomakethemthepreferentialsuppliersofmultinationalsubsidiaries. A similardecision
hasalsobeenadoptedbytheEuropeanU nion, whenitneededtoplanprogramsforthe
economicreconstruction inKosovoandtheBalkans (forinstance, O bnova, Tafko).1 In
thoseprograms, itis recommendedthattheforeign investments shouldtargettherise
ofalocalindustrialsystem, preferablyas industrialnetworks, inordertobetheengine
ofthelocaleconomicdevelopment. Furthermore, industrialnetworkskeeponhavinga
basicroleintheeconomicsystemsofsomeofthemostdynamic(andleading)European
regions, forinstanceBadenW ürttemberg, L ombardia, R hôneA lpes.

T his paperaimsatdevelopingatheoreticalframeworkfortheseformsoforganiza-
tions. Inparticularweintendtoinvestigate(i) theconditionsthatmakelocalnetworks
ariseeitheras spontaneousorsustainedcoordinationdevicesamong…rmsand(ii) the
e¤ectstheymayexertonthelocalenvironment.

B y sustained networks, wemean the associations of…rms which are created and
supportedbylocalauthorities, whilethespontaneous onesarefreeformsofagreement
among…rms. Sustainednetworksappearwheneverthemarketconditionsdonotallow
fortheriseofspontaneousones. T heirstart-upreliesonthechoicesofasocialplanner
whotakeshisdecisionsevaluatingregionalwelfare.2

Intuitively…rms agreeinbelongingtospontaneous networkswhentheysucceed in
exploitingsomeexternalities atgroup level. T herefore, weassumethatinthis kindof

1Seevariousreferencesontheweb, atthesitehttp://europa.eu.int/com/scr/cgi/frame11.pl.
2 Its interventions aim atimprovingtheregionalwelfareby increasingtheamountofgoodavailable

forconsumption.

2



networks…rmstakeadvantageincoordinatingtheiractivitiesbecauseofagglomeration
forces stemmingfrom asharingknowledgeprocess. A sharingknowledgeprocess (that
reliesonalearningbydoingmechanism)lets…rmsdevelopmorerapidlyspeci…cskillsfor
theproductionprocess. O urmodelisbuiltinsuchawaythatasharingknowledgeprocess
among…rms takes place each timeanetworkarises. N ormally, this process involves
the presence ofan inter…rm organization thatgathers the knowledge orexperiences
accumulatedbyeachassociated…rm andmakes them availabletotheothers, through
thecreationofexclusiveservices. Forinstance, afewyearsago, inN orthernItalyagroup
of…rmsclosetoVareseagreedincreatingaU niversitypole(L IU C), withthepurposeto
fosteramoreandmorestrictlycollaborationbetweenthelocalindustrialandacademic
milieu.

A s aconsequenceofthisactivity, forbothtypesofnetworks, weassumethat…rms
thatjoinanetworkhavetopayassociation fees forcoveringthecosts oftheservices
suppliedbythenetwork(forinstancemarketingorconsultingservices). T helevelofthe
associationsfeescombinedwiththeamountofservicesgrantedwillensuretheriseofthe
networks.3 Inthis perspective, thesefees areintroducedas excludingdisclosurerules.
A dmittingexcludingdisclosurerules means thatonlythemembers oftheassociation
canbene…tfrom theadvantages ofthesharinginformationsystem, sincetheypayfor
them. A s shown in V ives (19 9 0), such fees-rules areneededforensuringthestability
ofanagreementamong…rms. Inourcontext, thesefees provetobeacrucialfeature
thatallows …rms forswitchingfrom an independentstatus toan associatedoneand
screeningbetweenspontaneous andsustainednetworks. Ingeneral, bothspontaneous
andsustainednetworksmaketheregionalwelfareincrease, incomparisontoasituation
inwhich the samenumberof…rms areautonomous. M oreover, through anumerical
analysis, wecon…rmthatsustainednetworksmayfosterthelocalwelfareevenunderthe
assumptionofincompletenetworks (i.e. networkswhichdonotincludealltheexisting
…rms). Indeedtheroleofaplannerreveals tobeasmuchcrucialas its choices arein
accordancewiththepreferencesofthe…rms.

W edevelop this analysis byapplyingamonopolisticcompetitionframework. T his
choicereliesonsomestylizedfacts. A ccordingtothem, anagglomerationof…rms(such
asalocalcluster) specializes intheproductionofaspeci…cproduct, as inthecaseof
Italian industrialdistricts. N evertheless, each …rm belongingtoitdevelops technical
skills inproducingoneofthepossiblevarieties.

T heremainderofthepaperisorganizedasfollows. Inthenextsectionwedealwith
thebasicfeatures ofourmodeland Section 3 concentrates on thecosts andbene…ts
stemmingfrom anetworkstructure. Section4focusesontheconditions thatallowfor
theriseoffullcoordinated spontaneous networks. Section 5 conveys theattention to
themainfeaturesofsustainednetworksaswellasthepositionundertakenbyacentral

3T heyrepresentasortofsunkcostsforthe…rms.
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socialplanner. Section6dealswiththecomparisonbetweenspontaneousandsustained
networkswhenallowingforincompleteagreementsamong…rmsandSection7 concludes.

2 Themodel: basicfeatures
T hemainfeaturesofourmodelfollowsomeoftheprincipalbuildingblocksofageneral
modelintheeconomicgeographyliterature.4 W econsideraworldinwhichthereisone
region. O urchoice is driven bythe interesttoconcentrateexclusivelyon somelocal
determinants sustainingthecreation oflocalnetworks.5 In theregion, …rms haveto
evaluatetheopportunityeithertocompeteautonomouslyonthemarketortoorganize
in industrialnetworks. A tthe beginningweassumethatallofthem takethe same
decisionsimultaneouslyandthenwewillrelaxthisassumption.

Inthis region, allpopulation is hired inlocalactivities. T hereis fullemployment.
T helocalpopulationisthoughtasacontinuumofconsumers [0 ;N ], suchthatthelevel
ofconsumptionofeachofthem is negligible. In theregion, thereis alsoacontinuum
ofn¡…rms 6overthe interval [0 ;1 ];each ofthem is negligibletothemarket. T hey
produceacontinuumofvarietiesofasinglemanufacturedgood.7 A llofthembehaveas
monopolisticcompetitors à la D ixit-Stiglitz(19 7 7 ).

W hen…rmsbehaveindependentlyonthemarket, allthepopulationishiredinman-
ufacturingactivities. O nthecontrary, whenanindustrialnetworktakesplace, aservice
sectorappears andagroup ofworkersmoves from theindustrialsectortotheservice
sector.8 T his sectorsupplies arangeofservices to…rms belongingtoanetwork. For
theseserviceseach…rm hastopaysomefees.

T heutilityfunctionC(h)ofeachconsumerisaC E S functionanditis :

C(h)=
·Z1

0
c(i)

¾¡1
¾ di

¸ ¾
¾¡1

with¾ > 1 : (1)

T hisfunctionconsistsofacompositeindexwhichisgeneratedbythecombinationof
theconsumptionofdi¤erentvarieties(ofthesamemanufacturinggood). Eachconsumer
displaysapreferenceforvarietyandheconsumesc(i)unitiesofeachofthenvarieties,
accordingtoanelasticityofsubstitutionequalto¾ > 1 . W hen ¾ becomesarbitrarily

4SeeFujitaetalii. (19 9 9 ) forreferences.
5 Inthe…nalconclusionsweaddsomeideasonsomepossibleextensionsofthisframeworkinabroader

setting.
6Sincewedonotaccountforthefreeentrycondition, weassumethatthereexistsa…xednumber(n)

of…rm intheregion.
7 A s aconsequenceallunknownsaredescribedbydensityfunctionsas inFujitaetalii (19 9 9 ).
8 W agesaredeterminedsimultaneouslyallowingformigrationacrossthesectors.
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large, thedi¤erentiated varieties arevery closed substitutes, while for¾ neartoone
varietiesarepoorsubstitutes.

W eallow…rmstomakepositivepro…tsandweassumethatconsumers/workersare
alsoshareholders. Inotherwords, consumers haveadoublesourceofincome. Indeed
eachofthem supplies his unitoftime in laboratwagew and, atthesametime, he
receives afraction ofpro…ts (¼(i))madebyeach …rm. So, thewhole incomeofeach
consumer/worker(Y (h))isgivenby:

Y (h)=w+
Z1

0

¼(i)
N

di: (2)

Eachconsumerdevotesallhis incometoconsumption:

Y (h)=
·Z1

0
p(i)c(i)di

¸
: (3)

wherec(i)is thelevelofconsumptionofeachvarietyandp(i)its correspondingprice.
Eachconsumerfacesthefollowingmaximizationproblem:

M ax C(h)=
·Z1

0
c(i)

¾¡1
¾ di

¸ ¾
¾¡1

s.t: Y (h)=
·Z1

0
p(i)c(i)di

¸
:

U singtheFO Cs, foranypair(i;j)ofvarietiesweobtain:

·Z1

0
c(i)

¾¡1
¾ di

(̧ ¾
¾¡1¡1)

c(i)(
¾¡1
¾ ¡1)¡¸p(i) = 0 ;

·Z1

0
c(i)

¾¡1
¾ di

(̧ ¾
¾¡1¡1)

c(j)(
¾¡1
¾ ¡1)¡¸p(j) = 0 ;

suchthat

c(i)=
·
p(j)
p(i)

¾̧

c(j): (4)

T he…rstorderconditionsofthismaximizationproblemgiveequalityofthemarginal
rateofsubstitutiontothepriceratio. W ede…nethegeneralpriceindexP as:
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P =
·Z1

0
p(i)1¡¾di

¸ 1
1¡¾

: (5)

T heprice index P corresponds totheminimum costforpurchasingaunitofthe
composite consumption good C(h)(Fujita etallii (19 9 9 )). So, knowingthatallthe
income is devoted toconsumption, the totalincome Y (h)is equivalenttothe total
expenditureanditmayberewrittenasfollows:

Y (h)=P C(h)) C(h)=
Y (h)
P

: (6)

Byreplacing(4) and(6) into(1), weobtain:

C(h) =

"Z1

0

½·
p(j)
p(i)

¾̧

c(j)
¾¾¡1

¾

di

# ¾
¾¡1

=
Y (h)
P

;

Y (h)
P

=
h
c(j)

¾¡1
¾ p(j)¾¡1

i ¾
¾¡1

·Z1

0

£
p(i)¡¾

¤¾¡1
¾ di

¸ ¾
¾¡1

;

c(j) =
Y (h )
P

p(j)¾
hR1
0 [p(i)]

1¡¾ di
i¡ ¾

1¡¾
=

Y (h)
p(j)¾ P 1¡¾

;

sothatthedemandfunctionforthei¡thvarietyofgoodsbecomes:

c(i)=
p(i)
P 1¡¾

¡¾
Y (h): (7 )

N ext, consideraparticular…rm producingavariety. Sinceall…rms are identical,
eachofthem is expectedtomaximizethefollowingpro…tfunction ¼(i);facingagiven
wageratew:

¼(i)=p(i)x(i)¡k(i); (8)

with

x(i)=
ZN

0
c(i)dh=N c(i);
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wherex(i)is thequantityproducedbyeach…rm, p(i)itscorrespondingpriceandk(i)
thecostfunction.

T hetechnologyadoptedbyasingle…rm is:

L (i)=¯ + ° x(i); (9 )

whereL (i)isthenumberofworkershiredbya…rm (i)toproducex(i)unitsofvariety
(i)(with ¯ -…xedcosts- and ° -marginalcosts- positive), sothatthecostfunctionfora
…rm (i) correspondsto:

k(i)=wL (i)=w(̄ + ° x(i)): (10)

Plugging(9 ) and(10) into(8), wemaximizetheresultingpro…tfunctionfollowing
D ixit-Stiglitz (19 7 7 ). Each …rm chooses its price takingthe price index P as given.
A ssumingnominalwagesasnuméraire(i.ew=1);9 each…rmchoosesitssellingpriceat

p(i)=
µ

¾
¾¡1

¶
° ;with¾ > 1 : (11)

G iventhedemandfunctionas (7 ) andapplying(2), themarketclearingcondition
foronevariety(andbysymmetryforalltheothers)maybewrittenas:

x(i)=N c(i)=
ZN

0

p(i)¡¾

P 1¡¾
Y (h)dh=

p(i)¡¾

P 1¡¾

½Z N

0
(w)dh+

ZN

0

Z1

0

¼(i)
N

di(dh)
¾
: (12)

T herefore, via(5) and(11), weknowthat, attheequilibrium, thepriceindexcoin-
cideswiththeprice…xedbyasingle…rm andequation(12) reducesto:

x(i)=
1

p(i)
[N + p(i)x(i)¡¯¡° x(i)];

sothat, aftersomealgebraicmanipulations, theequilibriumoutputofeach…rmappears
as :

x(i)=
N ¡¯
°

, (13)

whereweassumeN > ¯:
9 T his assumption is allowed by the absenceofunemploymentand homogeneity oftheworkforce.

Indeed, theseassumptionsfeatureasituationinwhichthelabormarketisaperfectcompetitivemarket.
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T henumeratorofequation (13) embodies acleartrade-o¤ betweenthesizeofthe
market(N )andthe…xedcostsof…rms (̄ ), whilethemarginalcostsofproduction(i.e.
thedenominator)exhibitsnegativee¤ects. Finally, pluggingequation(11)and(13) into
(8), weareabletodeterminethelevelofpro…tsforeach…rm attheequilibrium as:

¼(i) = p(i)x(i)¡k(i)=p(i)x(i)¡¯¡° x(i)

=
µ

¾
¾¡1

¶
(N ¡¯)¡¯¡(N ¡¯);

whichyields

¼(i)=
(N ¡¯¾)
(¾¡1 ) withN > ¯¾: (14)

A s expected, pro…ts are negatively a¤ected by the degree ofcompetitiveness (¾)
among…rms.

3 Thecostsandbene…tsofnetworks
W enowallow…rmstocreateanetwork. A networkconsistsinamoreorlessspontaneous
agreementamong…rmsbywhichtheysucceedinbene…ttingfrompositiveexternalitiesto
exploitintheiractivity. G enerallytheseexternalitiesareconnectedwiththeexploitation
ofasharingknowledgeprocess. T hisprocessisoftenmanagedbyaninter…rmstructure
thatis supposed togatherthe information from thea¢liates, in ordertosupplythe
mostproperservices.10 Indeed, fora…rm, joininganetworkmeansexchangingwiththe
others its experienceinproductionmatters. A fewstudies con…rm thatthespreading
ofinformation may followdi¤ usion processes as those adopted in the innovation or
marketing…elds(seeM ans…eld(1961) anddePalmaetalii (19 9 1)).

Sincethesharingknowledgeprocessrepresentsanexternality, weassumeitexhibits
its positivee¤ects inreducingboththe…xedandmarginalcosts ofproduction in the
spiritofChipman(19 7 0). Speci…cally, weassumethatbelongingtoanetworkinvolves
asharingprocess thatentails theuseofparticularservices. Concretely, theseservices
succeed in reducingthe production costs by changingthe technology. T his e¤ectis
obtainedbyintroducingÃ 2 [0 ;1 ]asaparameterthata¤ectsthesizeofthetechnological
coe¢cientsof(9 ), whenallowingfornetworks.11 T henewtechnologyfunctionsuchthat:

10 Inthis sense, inthis framework, theriseofnetworkcoincideswiththestartup ofaservicesector,
whoseinteretsareaddressedtothefollowing…elds: marketing, consultingandtrainingoftheworkforce.

11T hisnewparametercanbealsoseenastheproportionbywhichtosharetheamountofcostsavings
generatedbythecreationofthenetwork.
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L N (i)=¯0+ ° 0x(i); (15)

where

¯0=(1 ¡Ã )̄ < ¯; (16)

and

° 0=Ã ° < ° ;

withÃ 2 [0 ;1 ];and, therefore, (15)willreplace(9 ) eachtimeanetworkappears inour
region.

M oreover, weneedtoplanadeviceforgrantingservicesexclusivelytotheassociated
…rmsandmake…rmspayforthem. FollowingV ives (19 9 0), oneofthepossiblecriteria
istointroducepositiveassociationfees (̧ );with ¸ > 0 . Intherealworld, when…rms
decidetoformanetwork, thequotastheypay(forbelongingtoit)arenormallydevoted
to…nancethecommonactivities ofthenetworkitself. A s describedinvarious reports
(O ECD (19 9 6), Cooks-M organ(19 9 8)), theactivitiesofthenetworksspreadaroundthree
maindirections: trainingofthelaborforce, consulting, marketingandexportfacilities.
A llthesekindsofinterventionsaimatfosteringtheproductivity(andcompetitiveness)of
thenetwork’s…rmsincomparisontothatoftheircompetitors. R elyingonthesestylized
facts, wewillspecifyacostfunctionthataccounts forbothconsultingandmarketing
facilities. Inthis case, wetakeintoaccounttheservices suppliedforstrengtheningthe
learningbydoingprocess. Inthatsense, thefeespaidby…rmsallowfortheorganization
ofparticularservices inbureaucraticormarketingmatters. Inthespiritofthismodel,
introducingtheseactivities means creatingaservice sectorinwhich employed people
bene…tofthesametreatmentasmanufacturingworkers. Sincetheonlyfactorofpro-
ductionofthismodelislabor, itisreasonabletoconsiderthatthecostsofparticipation
toanetworkstructure(̧ )correspondtothetotalsumpaidbyallthe…rmsto…nancea
servicesectorwhichengagesworkersatwagew:W eassumethatthecostofproduction,
for…rmsbelongingtoanetwork, resultsfromthelinearcombinationbetweentwoforms
ofimposition. A ccordingtothemagnitudeofaparameterµ 2 [0 ;1 ], theassociation
fees switchfrom theper-quantitylevelofimposition (for¸ = 0 )tothelump-sum one
(for¸ =1). Inparticular, thecostfunctionfornetworkmemberstransformsasfollows
(recallingthatw=1)

kN (i) = L N (i)+ µ¸ + (1 ¡µ)̧x(i)=¯0+ ° 0x(i)+ µ¸ + (1 ¡µ)̧x(i) (17 )
= (1 ¡Ã )̄ + Ã ° x(i)+ µ¸ + (1 ¡µ)̧x(i):
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Sofar, wede…nethepro…tfunction(¼N (i)) foranetwork…rm as:

¼N (i) = pN xN (i)¡kN (i) (18)
= pN xN (i)¡Ã ° xN (i)¡(1 ¡µ)(̧ )xN (i)¡(1 ¡Ã )̄ ¡µ¸:

A s before, bythemaximizationofpro…ts at…rm level(as forequation (11)), the
price(attheequilibrium) forany…rm becomes:

pN (i)=
µ

¾
¾¡1

¶
[Ã ° + (1 ¡µ)̧ ]: (19 )

Ifweassumethatallthe…rmstakethesamedecisionsimultaneously(i.e. fullcoor-
dination), attheequilibrium, allpriceswillbeidenticalandsopN (i)=P N :

U nderthehypothesisoffullcoordinationamong…rms, exploitingthemarketclearing
condition(12) andplugging(18) into(12), wedeterminexN (i)asthequantityproduced
bya…rm (i)inanetworkattheequilibrium:

xN (i)=
1

pN (i)
£
N + pN (i)xN (i)¡(1 ¡Ã )̄ ¡Ã ° xN (i)¡µ¸¡(1 ¡µ)̧xN (i)

¤
;

whichyields

xN (i)=
N ¡(1 ¡Ã )̄ ¡µ¸
Ã ° + (1 ¡µ)̧

: (20)

Inadditiontotheparameters thata¤ectthequantityproducedattheequilibrium
when…rmsareindependent, thisquantityisnegativelya¤ectedbythepresenceofthe
associationfees (̧ ). N evertheless, comparing(13) and(20), eveninabsenceoffeesthe
levelofproductionofeach…rm (attheequilibrium) insideanetworkislargerthanthat
asindependentbecauseofthepresenceofpositiveexternalities (Ã ). T helevelofpro…ts
fora…rminanetworkisobtainedbyreplacing(17 ), (19 )and(20)into(8)anditdisplays
as:

¼N (i) = (pN xN (i)¡Ã ° xN (i)¡(1 ¡µ)(̧ )xN (i)¡(1 ¡Ã )̄ ¡µ¸);

=
(N ¡(1 ¡Ã )̄ ¡µ¸)

(¾¡1 )
¡(1 ¡Ã )̄ ¡µ¸;

sothatforany¸ ¸0 ,
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¼N (i)=
N ¡¾ [(1 ¡Ã )̄ + µ¸]

(¾¡1 ) : (21)

T hislastequationlooksverysimilarto(14). Insideanetwork, thepro…tsofa…rmare
positivelya¤ectedbytheexternalities issuedfrom theagreement(namely(1 ¡Ã)< 1 )
andnegativelybythe…xedamountoffees(µ¸) …rmshavetopayfor.

4 Theriseofspontaneousindustrialnetworks
In theprevious section, wepresentedthebasicfeatureswechoseformodellinganet-
workstructureasageneralform oflocalagglomeration. Consequently, inthis section,
wepointtheattentiontotheconditions thatmake…rmsfreelydecidetocreateindus-
trialnetworks. A salreadydiscussed, weintendtodisentanglebetweenspontaneousand
sustainedindustrialnetworks. T heformerclass includesallnetworksthatarisesponta-
neouslyasagreementsamong…rms, whilethelattercorresponds tothenetworks that
publicauthoritiespatronizewiththepurposeoffosteringlocaldevelopment. O necritical
pointthatemerges from this distinction is tolookattheconditionsunderwhicheach
oftwocategoriestakeplace. Tothisend, weintendtocomparethem inordertocheck
if(i) theyareself-excludingand(ii) themagnitudeoftheire¤ects atamacrolevelis
stronglydi¤erent.

A ssumption1: Firmsagreeincreatinganetworkeachtimeitmakestheirpro…ts
rise.

Firmscreatespontaneousnetworks ifthepro…tsthatnetworkscarryoutarehigher
thanthosewhich…rmsreachindependently. Inthis…rstpart, wekeeponthehypothesis
offullcoordinationindecisionsamong…rms, whileinanothersectionwewillrelaxthis
assumption.

T hedecisionproblem facedby…rmsleadstoconcentrateonthelevelofassociation
fees (̧ ): thewillingnesstopayforparticipatingtoanetworkneedstobecompensated
bythebene…ts (Ã) theymayreceive.

Firms…xthecriticalleveloffeesforwhichtheytakeadvantageinjoininganetwork
bycomparingthelevelofpro…ts ((14) and(21))theymayreach inthetwoscenarios.
Indeed, thecriticallevelofassociationfees is …xedbysolvingthefollowinginequality:

¼N (i)¡¼(i) =
N ¡¾ [(1 ¡Ã )̄ + µ(̧ )]

(¾¡1 ) ¡
µ
N ¡¯¾
¾¡1

¶
(22)

=
¾ [Ã¯¡µ(̧ )]

(¾¡1 )
¸0 ) ¸ ·¸F ´

Ã¯
µ
:
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Proposition1 Independent…rmsagreeincreatinganindustrialnetworkwheneverthe
levelofassociationfees (̧ ) satis…esthefollowingcondition: ¸ ·¸F ´(Ã¯)=µ:

T hisconditionmeansthatthemore…rmshavetopayassociationfeesas…xedcosts
(thehigherµ is), themore pro…ts willbenegativelya¤ected bythem and …rms are
less likelytocreatefullcoordinatedspontaneousnetworks. T hehigherarethebene…ts
drivenbynetworksviaareductionof…xedcosts (seethemagnitudeofÃ¯;generated
bythedi¤erencebetween ¯0and ¯), themore…rms arelikelytojoinfullcoordinated
spontaneousnetworks. Firmsarelikelytojoinanetworkeachtimetheycanbene…tfrom
areductionof…xedcosts, merelypayingper-quantityassociationfees. Indeed, forµ=0 ,
¸F ! 1 and…rms agreeincreatinganetworkforanyvalueoftheotherparameters.
Finally, itisusefultonoticethatwhenfullcoordinatednetworksappear, thedegreeof
competitionamong…rmsdoesnota¤ectthedecisionchoices.

5 Theroleofalocalsocialplannerandtheriseofsustained
networks

T hecreationofspontaneous networks relies onthedecisions that…rms take indepen-
dently, justaccountingforthefactthatallofthem participateinthisassociation. O n
thecontrary, ithappensalsothatindustrialnetworksarisebythedirectinterventionof
alocalauthority, asdiscussedinthe…rstsection. T hisauthoritydecideshowtocreate
andorganizethem, accordingtoitsownevaluationoftheeconomicwelfare(RW ) ofthe
regionasawhole. T hisisthecaseofthesocalledimposedorsustainednetworks. Inthis
context, asocialplannertriestosolveproblemsofmarketfailures(orine¢ciencies). W e
assumethattheobjectivefunctionofasocialplannershouldtakeintoaccountthetotal
revenuesofaregion. M oreover, sinceasocialplannercannota¤ectthelevelofpricesin
itsregion, itsroleinvolvestomaximizetheconsumptionfunctionofthelocalpopulation
intendedas:

R W =
Z1

0
x(i)di=

Z1

0

Z N

0
c(i)dhdi;

Sinceallconsumersareidentical, theproblem oftheplannerreducestolookatthe
utility (alias consumption) function ofeach consumer. W hen aplannerthinks about
theopportunitytomakeindustrialnetworksarise, itcomparesthelevelofwelfarewith
andwithoutnetworks inorderto…xacriticallevelofassociationfees (̧ p). Indeedthe
critical¸p¡valueassessesthepointatwhichtheriseofanetworkdoesnotproduceany
changeinthewholeregionalproduction. T herefore, ouraim istodistinguishthecases
inwhichaplannermayimposetheriseofanetworkthata¤ectspositivelytheregional
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welfareoutsidetherangeofopportunityallowedby…rms. Inotherwords, weintendto
disentanglethecases forwhichlocalnetworks producepositivee¤ects ontheregional
economyasawhole.

Inorderto…xthecritical¸p ¡value;sinceall…rmsareidenticaland, attheequi-
librium, theyproducethesamequantityofdi¤erentvarieties, weneedtocompare(20)
and(13), whichleadsto:

xN (i)¡x(i) =
N ¡(1 ¡Ã )̄ ¡µ¸
Ã ° + (1 ¡µ)(̧ )

¡N ¡¯
°

;

=
[N ° ¡(1 ¡Ã )̄ ° ¡° µ¸¡N Ã ° ¡(1 ¡µ)̧ N + ¯Ã ° + ¯(1 ¡µ)̧ ]

° (Ã ° + (1 ¡µ)(̧ ))
:

T heregionalwelfarecanbeimprovedbytheriseofanetworkwhen:

xNi ¸xi =) ¸ ·¸p ´
° [(1 ¡Ã)(N ¡¯)+ ¯Ã]
(1 ¡µ)(N ¡¯)+ ° µ

> 0 (23)

Proposition2 A ccordingtotheobjectivefunctionofaregionalsocialplanner, asus-
tainednetworkarises for¸¡valuesthatsatisfythefollowinginequality

¸ ·¸p ´
° [(1 ¡Ã)(N ¡¯)+ ¯Ã]
(1 ¡µ)(N ¡¯)+ ° µ

:

A sinthecaseof̧ F , thecondition(23)joinstogetherthecostsandbene…tsgenerated
byanetwork, butinspiteoftheothercase, in(23) theycannotbeeasilyseparated.

Comparing(23) and(22), itappearstobepossiblethattherangeof¸¡values for
whichsustainednetworksmayariseis largerthanthatforspontaneousnetworks. This
impliesthatasocialplannerhasroom tointerveneineconomicmattersforbetteringthe
totalwelfareoftheregion, undersomeconditionsatwhichalltheothermarketagents
donotsucceedinself-organizinginnetworks.

Ifwewanttolookmoreindetailattheconditionsthatcanmake¸p > ¸F;weneed
tocomparethecorrespondentexpressions inordertoobtainthat:

¸p > ¸F )
° [(1 ¡Ã)(N ¡¯)+ ¯Ã]
° µ+ (1 ¡µ)(N ¡¯)

¸Ã¯
µ
;

orbetter

¸p > ¸F ) if [µ° (1 ¡Ã)¡¯Ã(1 ¡µ)]̧ 0 ; i:e:Ã <
µ°

µ° + ¯(1 ¡µ)
: (24)
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T herelationshipbetweenthemagnitudeof¸p and¸F ismainlyrelatedtothetrade-
o¤ betweenthebene…tsissuedfromanetwork(embodiedinparameterÃ)andthecosts
itcarriesout(viaparameterµ). T hesocialplannerhasroom tointerveneineconomic
mattersoftheregioneachtimethemarketconditionsprevent…rmsfromfreelyassociate.
A saconsequenceoftherelationdetectedabove(24), aplannermayimposetheriseof
anetworkwhenthecreationofanetworkimpliestosustainprincipally…xedassociation
fees inordertobene…tfrom thereductionofmarginalcostsofproduction (thatis the
meaningembodiedinµ° (1 ¡Ã)).

6 Thecaseofincompletenetworks
Intheprevious sectionwedealtwiththeassumptionoffullcoordinationamong…rms.
T hathypothesis involves thecondition thatall…rms simultaneouslydecide tojoin a
network. O nthecontrary, inthissection, weinvestigatehowanetworkmayrisedrawing
awaythathypothesis. W eassumethatonlyaproportion» (with»2(0 ;1 ))ofallexisting
…rms decidetocreateanetwork.12 T his newhypothesis allows forthe simultaneous
existenceofindependentandnetwork…rms, entailingadistinctioninpricesbetweenthe
varieties producedbyeachgroupof…rms. Since…rmsstillchoosetheirsellingpriceas
amark-upovercosts, thepriceindexP (hencelabelledas P ) becomes:

P =
·Z»

0
pN (i)1¡¾di+

Z1

»
p(i)1¡¾di

¸ 1
1¡¾

:

B yequations(11)and(19 ), westatethatallindependent…rmschoosethesameprice
(p(i)) andallthenetworkones(pN (i)), thepriceindexP reducesto:

P =
£
»(pN (i))1¡¾ + (1 ¡»)p(i)1¡¾

¤ 1
1¡¾ : (25)

Consumers bene…tfrom achangeintheirdisposableincomeduetothecreationof
thenetwork. A s aconsequence, theirdemandfunctionneeds tobecomputedagainto
accountboththeirnewlevelofincomeandthevarietydiversi…cation.13 Inparticular,
de…ningx(i)andxN (i)as (respectively) thedemandaddressedtoanindependentand
anetwork…rm, attheequilibrium, wedeterminethem bysolvingthefollowingsystem
ofequations(stillaccountingforw=1 ):

12W hen » = 0 all…rms are independenton themarket, while for» = 1 all…rms belongtoa full
coordinatednetwork.

13N amely, varieties produces byindependent…rmsandthoseproduces by…rms innetworkforwhich
theypaydi¤erentprices.
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8
><
>:

x(i)= p(i)¡¾

(P)(1¡¾)
£
N + (1 ¡»)[¼(i)]+ »

£
¼N (i)

¤¤

xN (i)= pN (i)¡¾

(P)(1¡¾)
£
N + (1 ¡»)[¼(i)]+ »

£
¼N (i)

¤¤

where:
¼(i)´[(p(i)¡° )x(i)¡¯];
¼N (i)́

£
(pN (i)¡Ã ° ¡(1 ¡µ)̧ )xN (i)¡(1 ¡Ã )̄ ¡µ¸

¤
:

Eachequationofthis system corresponds toanapplicationofthemarketclearing
condition (12). R eplacing(25) in thesystem andaftersomealgebraicmanipulations,
theequilibrium conditionsreduceto:

½
x(i)=B (A¡1)
xN (i)=D(C ¡1)

where:
A ´

£
(»p(i)¾(pN (i))1¡¾ + (1 ¡»)° )

¤
;

B ´
£
N ¡(1 ¡»)̄ + »(pN (i)xN (i)¡(1 ¡Ã )̄ ¡µ¸¡(Ã ° + (1 ¡µ)̧)xN (i))

¤
;

C ´
£
(1 ¡»)p(i)1¡¾(pN (i))¾ + »(Ã ° + (1 ¡µ)̧)

¤
;

D´[N ¡»(1 ¡Ã )̄ ¡»µ¸ + (1 ¡»)(p(i)x(i)¡¯¡° x(i))]:

Plugging(11) and (19 ) intothe previous system, and knowingthatitis a linear
system inx(i)andxN (i);weobtaintheequilibrium demands. W elabelthem asx(i)¤
andxN (i)¤: G iventhecomplexforms ofthesetwoexpressions, wekeep on indicating
them withtheirsymbols (x(i)¤ andxN (i)¤) while in the A ppendixwereportthefull
algebraicexpressions.

O nceaccountedfortheequilibrium demandofeachgroup of…rms, weareableto
determinethepro…ts theymake. T hepro…ts (¼N (i)) madebyoneofthe »¡firms
belongingtothenetworkare(via(19 )) :

¼N (i) = (pN xN (i)¤¡Ã ° xN (i)¤¡(1 ¡µ)(̧ )xN (i)¤¡(1 ¡Ã )̄ ¡µ¸); (26)

=
(Ã ° + (1 ¡µ)̧)

(¾¡1 )
xN (i)¤¡(1 ¡Ã )̄ ¡µ¸;

andthose(¼(i)) foranyindependent…rm are(accountingfor(11) :

¼(i) = p(i)x(i)¤¡¯ ¡° x(i)¤ (27 )

=
µ

°
¾¡1

¶
x(i)¤¡¯:

T helump-sum association fees (µ¸) areaburdenforthepro…ts ofnetwork…rms.
T heyexhibitanegativee¤ectwhichshouldbecompensatedbysomepositiveexternal-
ities (Ã¯) carriedoutbythenetwork. A s usual, a…rm decides tojoin anetworkby
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comparingthepro…tsitcouldmakejoiningitorstillbeingindependent. Inthiscase, it
takes itsdecisionbycomparing(26)and(27 ). T hiscriterionyieldstotheselectionofa
criticalvalue¸F forwhich…rmsagreeinjoiningaspontaneousbutincompletenetwork.
Speci…cally, ourobjectiveistolookforthefollowingcondition:

¼N (i)̧ ¼(i) for¸ ·¸F:

Sinceboththesetwoequationsaretrascendentalin ¸;wecannotbut…ndinganu-
mericalapproximationfor¸F. B ydealingwithnumericalsimulations, 14 weaccountfor
afewalternativesaskey-parameterschange. T hetablebelowcontainsthegridofresults
weobtained. W econcentrateonhowthecriticalvaluesoffeesvarybothaslumpsumor
per-quantityfees andontheroleofexternalities carriedoutbynetworks (i.e. whether
theya¤ectthe…xedorthemarginalcosts).W efocusonfouralternativecases. Case1 and
Case2 dealwiththepresenceofperquantityassociationfees. Yet, Case1 principally
dealswithexternalities involvingareductionof…xedcosts, whileCase2 thosea¤ecting
themarginalcosts. ConverselyCase3andCase4concentrateonlump sum fees, still
inpresenceofpositiveexternalitieson…xedcosts (inCase3) andonmarginalcosts(in
Case4).

Table4.1:Criticalvaluesfor¸F 15

Case1 Case2 Case3 Case4
µ=0 :2; µ=0 :2; µ=0 :8; µ=0 :8;

» Ã =0 :3 Ã =0 :8 Ã =0 :3 Ã =0 :8
0.1 0.9 05231 0.37 329 8 3.057 15 1.19 09
0.2 0.9 049 45 0.36867 3 3.04328 1.18 9 63
0.3 0.9 04665 0.36437 9 3.02867 1.18636
0.4 0.9 0439 0.360382 3.01329 1.18414
0.5 0.9 0412 0.356651 2.9 9 7 1 1.1819 5
0.6 0.9 03855 0.353163 2,9 8005 1.17 9 8
0.7 0.9 0359 4 0.349 8 9 3 2,9 6211 1.17 7 69
0.8 0.9 03338 0.346823 2,9 4323 1.17 562
0.9 0.9 03086 0.3439 35 2,9 2337 1.17 359

T henumericalresultsincludedintheprevioustableallowfordrawingsomecomments
ontherelationshipbetweenthecriticalvalueoftheassociationfee(̧ F) andthesizeof
anetwork(»). Inallthefourcases, thereisaclearinverserelationshipbetween¸F and
». T helargerthenetworkis, thelowerthelevelof ¸F is:Inotherwords, themore…rms

14W ecomputeallthenumericalsimulationsbyapplyingthesoftware M athematica.
15 A ssumingthat¯ = 2 ;N = 2 0 ;¾ = 4 ;°= 1:A nychangeofthevalueoftheseparameters merely

producesasize-e¤ectontheresultingoutcomesfor¸:
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decidetojoinanetwork, thesmalleristherangeof¸¡values forwhichtheyagreein
joininganetwork. Indirectlyitmeansthatthedi¤erencebetween¼N (i)and¼(i) gets
lowerandloweras» increases. A dmittingthepresenceofpartialcoordinatednetworks
meansallowingforadi¤erentiationinthetechnologyfunctionsamong…rms. W henthe
sizeofanetwork(») isverysmall, thenetworkdoesnotexertanysubstantialimpacton
themarketoutcomes. T herefore, pro…tsandproductiongeneratedbyindependent…rms
remainnearlyunchanged, whilenetwork…rms bene…tfrom theirnewtechnology(17 )
thatmakestheirpro…tsincrease. Inthatsense, network…rms…x¸F asthevaluewhich
cancelsoutthedi¤erencebetweentheirpro…tsandthoseoftheother…rms. A sthesize
ofthenetwork(») increases, allthemarketagentsbecomeawareofthepresenceofthe
networkandtheyreact. So, themarketoutcomes adaptaccordingly. T hesereactions
erodethedi¤erentialofpro…ts betweennetworkand independent…rms aswellas the
leveloffees…rmsarewillinglytopayforbelongingtoanetwork. Indirectly, thisrelation
implies that…rms maytakemoreadvantages in joiningsmallnetworks sincetheyare
likelytopayhigherassociationfees.

A s usual, thewillingness tojoinanetworkrelies onthetrade-o¤ betweenthead-
vantages carriedoutbyitandtheburdenof theassociationfees. Ingeneral, ¸F 16is
greaterfornetworksthatallowforlump sum associationfees(namely, thehigherµ is).
M oreover, therangeof¸¡valuesforwhich…rmsmaypro…tablyjoinanetworkincreases
whennetworkssucceedinreducingthe…xedcostsofproduction(i.e. thelowerÃ is).

Followingthesameapproachweproposedaboveforthefullcoordinatednetworks,
wearedeterminingtheconditionsthatletspontaneousnetworksrisewiththoseofsus-
tainedones. A sbefore, anhypotheticalcentralplannerlooksatevolutionoftheregional
welfareforeventuallyimposingthecreationofanetwork. A plannersimplycaresabout
the utility oflocalconsumers, since itcannotmanage prices. W hen consideringfor
thesimultaneouspresenceofindependentandnetworks …rms, theregionalwelfareR W
transformsasfollows:

R W =
Z»

0
xN (i)di+

Z1

»
x(i)di:

A ttheequilibrium, weknowthatthelevelofproduction ofeach …rm insideeach
group is identical, soR W reduces :

R W =(»)xN (i)¤+ (1 ¡»)x(i)¤:

Inorderto…xthecriticallevelofassociationfees forpartialcoordinatednetworks,
aplannerneeds tocomparetheregionalwelfareR W withthatachievedinpresenceof
allindependent…rms. Itsproblem consists in…xingacriticalvalueof¸p suchthat:

16So, thewideristherangeof¸ ¡ values forwhich…rmstakeadvantages injoininganetwork.
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R W ¸ N ¡¯
°

) »xN (i)¤+ (1 ¡»)x(i)¤¸ N ¡¯
°

; for¸ ·¸p:

B ecauseofthe presenceoftrascendentalequations in ¸, we concentrateon some
numericalsimulations. T hecriteriawefollowareidenticaltothoseappliedinthecaseof
spontaneousnetworks. T hefollowingtablecontainstheoutcomesofthesesimulations.

Table4.2:Criticalvaluesfor¸p 17

Case1 Case2 Case3 Case4
µ=0 :2; µ=0 :2; µ=0 :8; µ=0 :8;

» Ã =0 :3 Ã =0 :8 Ã =0 :3 Ã =0 :8
0.1 0.9 06841 0.414102 3.107 58 1.20445
0.2 0.9 06512 0.406244 3.09 7 39 1.2017
0.3 0.9 0619 0.39 69 9 6 3.0867 9 1.19 9 05
0.4 0.9 058 7 4 0.3889 7 8 3.07 57 6 1.19 643
0.5 0.9 05565 0.3819 33 3.06429 1.19 386
0.6 0.9 05262 0.37 567 3 3.05238 1.19 135
0.7 0.9 049 65 0.37 0061 3.04 1,18889
0.8 0.9 0467 4 0.3649 9 3.027 15 1.18648
0.9 0.9 04389 0.36038 3.01382 1,18413

T henumericalanalysis of¸p replicates theresultsweobtainedfor¸F: T hevalues
of¸p reduces as thesizeofthenetwork(») increases. T hecriticalvalue ¸p is chosen
tokeep -atleast- unchangedtheregionalwelfarewhenanetworkappears. T heplanner
takeshisdecisionknowingthatthecreationofanetworkcarriesouttwolevelsofpro…ts,
viaadi¤erentiationofthetechnologyappliedby…rms. T his conditionallows forthe
existenceofan economicsurplus, stemmingfrom theriseofpro…ts ofnetwork…rms.
T herefore, thefees itimposesallowforsharingacrossthemarketthesurplusgenerated
bynetwork…rms. B eingsostrictlyrelatedto…rm pro…ts, ¸p evolves as ¸F whenthe
sizeofthenetworkincreases. M oreover, theplannerrecognizeshoweachgroupof…rms
a¤ectsmutuallyandhowtheycontributetotheregionalwelfare. Sofar, itinternalizes
thetransmissione¤ectexistingacross…rmsandthisallows itto…x¸p greaterthan¸F:
Inotherwords, even in thecaseofincompletenetworks, aplannerhas room intervene
ineconomicmatters forimprovingthewelfareoftheregion.

Evenifboth¸p and¸F reducesasthesizeofthenetworkincreases, itisinterestingto
detecthow(̧ p - ¸F)varieswith», orbetterhowtheroomofinterventionoftheplanner

1 7 A ssumingthat¯ = 2 ;N = 2 0 ;¾ = 4 ;°= 1:A nychangeofthevalueoftheseparameters merely
producesasize-e¤ectontheresultingoutcomesfor¸:
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changes. T hemostusefulwayto…gureoutthis situation is tocomparegraphically
thedi¤erence between the outcomes ofthe twoprevious tables, foreach ofthe four
scenarios.18
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Figure1: D i¤erencebetweencriticalvaluesofassociationfeesandsizeofanetwork.

L ookingattheprevious …gure, itis clearthatthedi¤erence (̧ p - ¸F)is sensible
tothesizeofthenetworkjustintwoofthefourcases, namelyCase2 andCase3. In
general, aplannersucceeds in havingmoreroom forfosteringtheriseofasustained
networkand, inparticularalargenetwork, eachtimeitschoicesareinaccordancewith
thepreferencesof…rms. Inotherwords, thedi¤erence(̧ p - ¸F)increaseswith», when
aplannerproposesanetworkwhichmainlyaccountsforlump sum associationfeesand
carriesoutconsistentreductionsofmarginalcostsofproduction. O nthecontrary, when
allowingfornetworksthatdisplayperquantityassociationfeesandinvolveareductionof
…xedcostsofproduction, aplannermaysuccessfullyfosterjustsmallsustainednetworks.

18 Itis importanttoremindthatthis comparisonmaysu¤erfrom someerrors innumericalapproxi-
mations (around10¡6)duetothecomputationsystem ofsoftwarepackages.
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7 Conclusions
Inthispaper, wehavetackledtheproblemofthecreationofnetworksof…rms inwhich
theassociated …rms sharealearningprocess. T his process entails positiveexternali-
ties thatturnouttoimprovethetechnologyofproductionforalltheassociated…rms.
M oreover, accordingtothemagnitudeofbene…tsentailedbynetworks, afullcoordinated
networkwillbepreferredtoanincompleteone. W edistinguishedbetweenspontaneous
andsustainednetworksandwederivedthecriticallevelofassociationfeesthatshouldbe
…xedinordertomakethosenetworksarise. Inthecaseofspontaneousnetworks, …rms
selecttheconditionsunderpinningthecreationofnetworksbylookingattheirpro…ts.
Conversely, sustainednetworksareusuallycreatedbylocalauthoritieswiththetarget
offosteringthelocalwelfare. Consumerstakeadvantageofitsince, inbothcases, they
gethigherlevelofconsumption, whilepro…tsdisplaypositivevariationonlyinthecase
ofspontaneousnetwork. H oweverforbothtypesofnetworks, theinternalproductofa
regionrecordspositivevariations. U nderthisviewpoint, allpoliciesthatsupportthese
organizationswiththepurposetofosterlocaldevelopmentseemtobeappropriate. N ev-
ertheless, localauthoritieshavetopayattentionforthewayinwhichtocoordinate(or
organize) theseformsofactivities accordingtotheir…nalpurpose. Sustainednetworks
succeedinhelpingthelocaldevelopment(asanincreaseintheinternalproduct) under
someconditions unacceptabletomarketagents. H owever, thebene…ts carriedoutby
spontaneousnetworksarehigherthanthoseofsustainedones.

A mongthepossibleextensions, itwouldbeusefultodevelop sometopics inpolicy
matters, suchashowtocreateanetwork, accountingforawiderinternationalcontext.
A llowingforotherregions involves somechanges in the structureofthemodel. T he
equivalenceamongworkers-consumers-shareholdersneedtoberethoughtwhenadmitting
freemigrationacrossregions. Inaddition, thedemandaddressedtoeach…rm shouldbe
temperedbytheexistenceofotherconsumersandcompetitorswhoserolebecomecrucial
inaccordancewiththedegreeofintegrationofmarkets (seeFujitaetalii. (19 9 9 )). In
thisenlargedsetting, theopportunitytocreateanetworkshouldbereinforcedwhenever
anetworkrepresents an opportunitytotakeadvantageversus theothercompetitors.
H owever, themechanismthat…xesthelevelofassociationfeesshouldaccountforother
parameters, namely thedegreeofopenness ofthemarkets viathe leveloftransport
costs. N evertheless, in a similarsetting, itbecomes crucialtodetecthowanetwork
shouldimprove(orsustain) thequotaofproductionexportedbyeach…rm.
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8 A ppendix
In presence ofpartialcoordinated networks, the system thatallows tocompute the
equilibrium demandsaddressedtoeach…rmofthetwogroups isthefollowing:½

x(i)=B (A¡1)
xN (i)=D(C ¡1)

where
A ´

£
(»p(i)¾(pN (i))1¡¾ + (1 ¡»)° )

¤
;

B ´
£
N ¡(1 ¡»)̄ + »(pN (i)xN (i)¡(1 ¡Ã )̄ ¡µ¸¡(Ã ° + (1 ¡µ)̧)xN (i))

¤
;

C ´
£
(1 ¡»)p(i)1¡¾(pN (i))¾ + »(Ã ° + (1 ¡µ)̧)

¤
;

D´[N ¡»(1 ¡Ã )̄ ¡»µ¸ + (1 ¡»)(p(i)x(i)¡¯¡° x(i))]:

Solvingthissystem (pluggingalso(11) and(19 ) intoit)weobtaintheseresults:

x(i)¤ =
Q
R
;

xN (i)¤ =
M
V
;
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with

Q =
h¡¾ [N ¡(1 ¡»)̄ ¡»(+ ¸µ+ ¯ (1 ¡Ã))]

z¡(1 ¡»)h¡¾ (h¡° )
+ »h¡¾ (k¡(1 ¡µ)̧ ¡° Ã)

[
(1 ¡»)h¡¾ (h¡° )k¡¾ (N ¡(1 ¡»)̄ ¡»(+ ¸µ+ ¯ (1 ¡Ã)))

[z]2
+

k¡¾ (N ¡(1 ¡»)̄ ¡»(+ ¸µ+ ¯ (1 ¡Ã)))
¡
1 ¡z¡1(1 ¡»)h¡¾ (h¡° )

¢

z
];

R =
¡
z¡(1 ¡»)h¡¾ (h¡° )

¢

[¡(1 ¡»)»h¡¾ (h¡° )k¡¾ (k¡(1 ¡µ)̧ ¡Ã ° )
[z]2

+

(1 ¡z¡1(1 ¡»)h¡¾ (h¡° ))
¡
1 ¡z¡1»k¡¾ (k¡(1 ¡µ)̧ ¡° Ã)

¢
];

M =
(1 ¡»)h¡¾ (h¡° )k¡¾ (N ¡(1 ¡»)̄ ¡»(+ ¸µ+ ¯ (1 ¡Ã)))

[z]2
+

k¡¾ (N ¡(1 ¡»)̄ ¡»(+ ¸µ+ ¯ (1 ¡Ã)))
¡
1 ¡z¡1(1 ¡»)h¡¾ (h¡° )

¢

z
;

V = [¡(1 ¡»)»h¡¾ (h¡° )k¡¾ (k¡(1 ¡µ¸¡Ã ° )
[z]2

+

(1 ¡z¡1(1 ¡»)h¡¾ (h¡° ))
¡
1 ¡z¡1»k¡¾ (k¡(1 ¡µ)̧ ¡° Ã)

¢
]:

knowingthat

h=
° ¾
¾¡1 , k=

¾ [(1 ¡µ)̧ + ° Ã]
¾¡1

; z=(1 ¡»)h1¡¾ + »k1¡¾:

Comparing(x(i)¤andxN (i)¤), weestablishthattheyareidenticalfor:

x(i)
¤
=xN (i)

¤) »=
N ¡¯
¯Ã ¡¸µ

;

and
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» > 0 if N > ¯ and¸ ·¯Ã
µ
:

M oreover, when

»=0 and pN (i)=p(i)) x(i)¤=xN (i)¤=
N ¡¯
°

;

theequilibrium quantities coincidewiththoseobtained in thecaseofallindependent
…rmsandwhen

»=1 andpN (i)=p(i)) x(i)¤=xN (i)¤=
N ¡(1 ¡Ã )̄ ¡µ¸
Ã ° + (1 ¡µ)̧

;

we…ndthesameresultsas inthecaseofafullcoordinatednetwork.
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