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Abstract
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spillover the greater the desire to attract good entrants but also the harder it is to penalise poor quality
entrants.

This paper considers this dilemma and the consequences for public policy. The question we address is
whether the lack of full information encourages the regulator to sustain entry enhancing policies for
longer or whether the regulator makes entry harder. Generally, we show that the incentives are for the
regulator to limit entry enhancement in the face of incomplete information rather than be more open in
the face of the inability to determine the good firms from the bad ones.  We also show that for certain
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Non-Technical Summary

Essential facilities provide the incumbent firm with an advantage in the provision of
associated downstream facilities.  For example, there may be costs that are common
between the downstream and essential facilities such that provision of the downstream
facility by the provider of the essential facility is cheaper than having competitive
provision.  However, competitors may be more innovatory and this may reduce the cost
of provision of the overall product even though there are more firms than are strictly
necessary.  The competing firms need access to the essential facility and in our
framework the price of access to the essential facility and the price of the final product
provided by the incumbent are regulated.  The paper addresses the issue of how
regulators can use access pricing to promote entry by innovatory firms in the presence of
essential facilities.  The entrants have lower costs that spillover to firms in the market but
the regulator is not able to distinguish which entrants have low costs and which do not.

Where entrants are of differing quality technology spillovers have two effects.  One is
positive in that the incumbent can copy the cheaper technology of the entrant.  This
reduces cost in the industry and offsets the fixed entry cost associated with entry.  The
other is a negative effect in that the ability to use access pricing to deter entry of bad
quality entrants is reduced.  That is, it is protected from the consequences of its high costs
and poor technology, if a good firm has already entered or may be about to enter, since it
can copy the cheaper technology.  The higher cost entrant is bad for efficiency since it
causes additional fixed costs to be incurred and brings no benefit but the spillovers
prevent it from being ‘hurt’ by its own relative inefficiency.  The greater the spillover the
greater the desire to attract good entrants but also the harder it is to penalise poor quality
entrants.

This paper considers this dilemma and the consequences for public policy.  The question
we address is whether the lack of full information encourages the regulator to sustain
entry enhancing policies for longer or whether the regulator makes entry harder.
Generally, we show that the incentives are for the regulator to limit entry enhancement in
the face of incomplete information rather than be more open in the face of the inability to
determine the good firms from the bad ones.  We also show that for certain
configurations the good firm has an incentive to raise its costs, i.e., become a less good
competitor.



1 . Introduction

O ptimalpricingforaccess toessentialfacilities has received considerableattention

inrecentyearsbothfrom economistsandpolicymakersthroughouttheworld.T his has

focusedmostlyonnetworkutilitiesbutotherissues suchasaccesstoportshavereceived

regulatoryattention.R ecentinteresthasbeendriveninpartbythewaveofprivatisations

ofnetworkutilitiesaroundtheworldandinternationaldrivetoopenupnetworkmarkets.

O neofthemostcommonaccessproblemsarises innetworkswhereaservicerequires

twolegs,oneamonopolyownedessentialfacility,andtheotherapotentiallycompetitive

segment. Suppliers otherthan the ownerofthe essentialfacility need to interconnect

with themonopoly supplierandwillgenerallybeexpected tocontributetothecostof

theessentialfacility.T heappropriatestructureofthis access chargehas beenthefocus

ofsignī cantdebatewithintheeconomics profession.Inbasicmodels aR amseypricing

rule,orsometimes avery simpleversionofthis often referred toas the Baumol-W illig

rulewheretheaccesschargeis setatthemarginalcostofprovisionplustheopportunity

cost,isoptimal(see,forexample,B aumolandSidak(1 994)andL a®ontandT irole(1 994,

1 996)). W herethereare issues such as networkexternalities orunregulatedmonopoly

suppliersthentherewillbedeviationsfromtheserules(see,forexample,thediscussionin

Economides(1 996)).

A featureofconventionalaccess pricingrules is thattheymakeentrydi±cult.T he

potentialentranthas tomeet, in the form ofan access charge, both themonopolist's

marginalcostoftheessentialfacilityandthecustomer'scontributiontothemonopolist's

commoncost,andthencovertheentrant'sowncostbeforetheycanprō tablyenterthe

market.O nceone includes theup-frontcostofentry itis oftendi±culttocompete in

thepresenceofsuchanaccess pricingregime.A tthesametimeis commonforthereto

bealegalobligationonregulatoryagenciestopromotee®ectivecompetition.T his isthe

case in theEuropean U nion andwithin theframeworkofU K regulatory policy,where

regulatorshaveprovedresistanttotheimplementationofconventionalaccesspricingrules

(see,forexample,G rout(1 996)).T hesetwopositionscanbereconciledifthereareexternal

e®ects.(1 )Forexample,newentrantsmaybringinnovationswhichlowercostsforall r̄ms

thenpositiveentryassistancethroughloweraccesspricescanbebenē cial.T his,however,

(1) See for example,De Fraja (1997,1999).
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raisesquestionssuchashowlongshouldtheentryassistancelast.Furthermore,although

aregulatorybodymaywishtoreduceaccesschargestoattractinnovatory r̄ms,inmany

cases itis di±cultfortheregulatorybodytodistinguish,atleastinthemedium term,

betweentheentrantsthatwillbemostbenē cialandthosethatarelessbenē cial.Indeed,

thereisaninherentdilemmawhenpursuinge±ciencyandwishingtopromotecompetition.

Inadynamicframeworkwithentrantsofdi®eringqualitytechnologyspillovershave

twoe®ects.O neispositiveinthatthenewtechnologyoftheentrantcanbecopiedbythe

incumbent.T his reduces costintheindustryando®sets the x̄edentrycostassociated

withentry.T heotherisanegativee®ectinthattheabilitytouseaccesspricingtodeter

entryofbadqualityentrants is reduced.A lowquality r̄m canfreerideonthequality

ofagoodentrantsince itis protectedfrom theconsequences ofits highcosts andpoor

technologyifagood r̄m hasalreadyenteredormaybeabouttoenter.T hegreaterthe

spilloverthegreaterthedesiretoattractgoodentrantsbutalsotheharderitistopenalise

poorqualityentrants.T hispaperconsidersthisdilemmaandtheconsequencesforpublic

policy.Itcomplements theexistingaccess pricingliterature inthatitfocuses on issues

thathavenotbeenaddressedtodate,inparticularthelimitationsofsimpleaccesspricing

inthepresenceofthespillovers inagametheoreticsetting.

T he layoutofthe paperis as follows. Section 2 outlines the model. There is a

regulator,anincumbentthatownstheessentialfacilityandtwopotentialentrants inthe

potentiallycompetitivesectionofthenetwork.T heincumbenthasacommoncostbetween

thetwosections ofthenetwork.T his favoursmonopolyprovisionbutthetwopotential

entrantshavelowerproductioncostsandthesespilloverwhentheyenterthemarket.T he

disadvantageofentryisthatthereisa x̄edone-o®entrycostper r̄m.T heregulatorsets

apricecapwhichhastoensurethattheincumbentcan n̄anceitsactivities(i.e.hasnon

negativeexpectedprō tinequilibrium)andthensetsanaccesspricingregimewhichmay

encourageordiscourageentry.T herearetwotimeperiods,oneofthe r̄msarriveineach

periodandeachhasequalprobabilityofbeing r̄st.W eoutlineanddiscussthesubgame

perfectequilibriaofthemodel(technicalproofsareomittedinthisversion)

Section3 ofthepaperconsidersthepositionwhentheregulatorcanobservewhether

the r̄st r̄m is thegood one (i.e., lowerproduction cost)orthe bad one (i.e.,higher

production cost).Inthis casetheregulatoris abletoimplementthe r̄st-bestsolution
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andwecharacterisethis.T heequilibria'subsidiseentry'toaccommodatethespillover

e®ect.T herearefourprō les thatareoptimal.Eithertheprices encourageearlyentry

bythegood r̄m butdiscouragelateentry,encourageentrybythegood r̄matanytime,

encourageentrybythe r̄st r̄m anddiscourageentrythereafter,orencourageentryby

thegood r̄m atalltimesandentrybythebad r̄m intheearlyperiod.

A sindicated,theprocessofachieving r̄st-bestbysubsidisingentryassumesthatitis

possibletoobservewhetherentrantsaregoodorbad r̄ms.Ingeneral,itismoreplausible

toassumethattheregulatoris veryunsurewhen settingthepolicy.Forexample,the

U K telecommunications regulatory regime only allowed forone newentrant, M ercury

Communications plc,intheU K marketformanyyears aftertheprivatisationofBritish

Telecommunications.O necanthinkofthisasaveryextremeversionofourmodel.Itwas

farfrom clearatthattimewhetherM ercurywasagoodqualitycompetitor.Indeed,ex

posttherearemixedviewsastothequalityofM ercuryasacompetitorinthisperiodand

thepolicywas eventuallyabandoned in favourofamoreopenone.Section 4 considers

themodelwhenitisnotpossibletoidentifywhethertheentrantisthegoodorbad r̄m.

T hequestionweaddress iswhetherthelackoffullinformationencouragestheregulator

tosustainentryenhancingpoliciesforlongerorwhethertheregulatormakesentryharder.

W ehavementionedabovethatwhenitisnotpossibletoobservethetypesthenthespillover

e®ectmakesithardertousetheaccesspricingstructuretodeterpoor r̄mssincearegime

thatwishes toattractalowcost r̄m givenahighcostonehas enteredcannotprevent

ahighcost r̄m enteringinthewakeofthelowcost r̄m sincethespilloverprotectsthe

bad r̄m from theconsequences ofits own ine±ciency.Similarly,aregimethatwishes

toattractahighercost r̄m intheearlystagescannotpreventalowcost r̄m earninga

positivesurplusshoulditbethe r̄stinthemarket.T hispreventstheimplementationof

the r̄st-best.G enerally,weshowthattheincentivesarefortheregulatortolimitentry

enhancementinthefaceofincompleteinformationratherthanbemoreopenintheface

oftheinabilitytodeterminethegood r̄msfrom thebadones.

Section4 alsoaddressescertainfeaturesoftheequilibria.Itshowsthatinthepresence

ofimperfectinformationthereareprō leswhicharesuperiortotheimplementibleprō les

butthattheyarenottimeconsistent. M ore interestingly, itis shown thatforcertain

con̄ gurations thegood r̄m has an incentivetoraise its costs,i.e.,becomealess good
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competitor.T heintuitionforthisisthattheregulatorwillnotwishtoencouragethehigh

cost r̄m ifitscostsaresignī cantlyworsethanthelowcost r̄m.Inthiscasetheaccess

pricingregimeneedprovidenosurplus tothegood r̄m.Incontrast,ifthebad r̄m is

nottooine±cientincomparisontothegood r̄m thentheoptimalaccess pricingregime

encouragesentrybythehighcost r̄mwhichimpliesthatthelowcost r̄mearnsapositive

expected surplus.T hatis,the informationalrentofthegood r̄m canbe increasedby

reducingtheextentofitssuperiorityoverthehighcost r̄m.

2. TheBasicM odel

T he modelconsists ofa regulated marketwith one incumbentand twopotential

entrants. T hemarketdemand forthe n̄alproductis represented by a di®erentiable

functionD(p)withderivatives D0(p)< 0 andD00(p)> 0 . T he incumbenthas control

oftheupstream partofthenetworkwhichisanessentialfacilityforaccesstocustomers.

T hecurrentstateoftechnologyavailabletotheincumbentforprovisionofthedownstream

partofthenetworkisaconstantcostperunit.Eachpotentialentranttothedownstream

activityhas a x̄edcostofentry, F .T hetwopotentialentrants di®erintheirstates of

technologythattheybringintotheindustrywhentheyenter.Bothcosts arebelowthe

incumbent's costperunitbutoneoftheentrants,referredtoas thegoodtype,has the

lowestcosttechnologyandtheother,referredtoasthebadtype,has atechnologywith

costsbetweentheincumbentandthegoodentrant.W eusegandbasshorthandforgood

andbadtypes,respectively.Forsimplicity,weassumewithoutlossofgeneralitythatthe

incumbent'scostperunitis 1 ,thegoodentrant'scostperunitis 0 andthebadentrant's

costisc,0 < c< 1 .W eassumethatthereisacompletespilloveroftechnology.T hatis,

thelowestcosttechnologyinplaceinthemarketatanytimecanbecopiedcostlesslyby

others intheindustry.(2)

T heextensiveform gameofthemodelconsistsofaninitiationstageandtwosubse-

quentperiods.Formally,wecanthinkoftheinitiationstageasonewheretheregulator

setsapricecap,p,whichtheincumbenteitheracceptsorrejects.Ifitisrejected,thereis

noproductionandthepayo®stoallinvolvedpartiesareidenticallyzero.T hisformalises

(2 ) T he attrac tionofassuminga complete spillover isthat it provid esthe richest set ofoutc omesand
avoid shavingto d ecid e onthe form ofmarket sharesina situationw here there are d i®eringcostsand a
b ind ingpric e c ap (see footnote 3).Sub jec t to a resolutionofthislatter d i± cultynone ofthe mainresults
inthe paper appear to b e d epend ent onthe c omplete spillover assumption.
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the ideathataregulatormustallowtheregulated r̄m tofund its activities, i.e., the

regulated r̄m willonlyacceptapricecap iftheexpectedprō tis non-negative.Ifitis

accepted,theincumbentis lockedin,thatis,theincumbentmustoperatethenetworkin

theindustryinbothperiodsandprovideaccesstonewentrants iftheywish.Finally,the

regulated r̄m hasacommonand x̄edcostofL > 0 whichisnecessaryforittooperate

ineithertheupstreamordownstreammarket.

Ineachofthetwoperiods,asequenceofmoves takeplace:(i)oneofthepotential

entrants arrives atthemarket,(ii)theregulatorsets anaccess priceai forthecurrent

period i=1 ;2,(iii)thearrived r̄mmakesanentrydecision,(iv)themarketreachesthe

Cournotsolution iftheCournotpriceis belowthepricecap,p;the r̄ms inthemarket

sharethemarketdemandD(p)evenlyatthepricep iftheCournotpriceisabovep,and

(v)each r̄m in themarketpays ai tothe incumbent.A ccess prices areallowedtobe

negative.W eassumeforthepurposesofthispaperthatthemarketissu±cientlylargeto

ensurethattheoptimalpricecap imposedbytheregulatorisbinding.(3)

O ne ofthe twopotentialentrants (i.e., gorb)arrives atthemarketin period 1

(equalprobabilityofeachevent)andtheotherarrives inperiod2.T herearetwoarrival

contingenciesthatdescribecandidates'typesinthetwoperiods:onearrivalcontingencyis

thatthe r̄stcandidateisgandthesecondcandidateisb,andtheothercontingencyisthe

reverse.Candidatesarereferredtoasentrantswhentheyactuallyenterthemarket.T he

typeofeachcandidateisknownto r̄msinthemarketwhenheentersbutthetypemaynot

beknownbytheregulator.W econsidertwopossibilitiesfortheregulator'sinformationon

thecandidates'type.A sabenchmark,weconsiderthecasewheretheregulatorobserves

the r̄m's typeonarrival.W ethen considerthecasewheretheregulatorobserves the

occurrenceofentrybutnotthetypeofentrants.A ccess prices canbemadecontingent

uponwhattheregulatorhas observed.Intheformercase,therefore,theregulatorhas

morecapacitytocontrolentrybysettingaccesspricescontingentuponentrants'types.

In eithercase, the regulatorsets the price cap and access prices tomaximise the

(3) W ith a b ind ingpric e cap the market sharesofid entic allyplac e ¯rmsina Cournot equilib rium may
not b e exac tly equalsince theylie ina range around the equalmarket sharescase.T he closer the pric e
c ap isto the unconstrained price the smaller the range.T he equalshare isthe only¯xed sharingrule that
iscompatible w ith the Cournot assumptionfor allmarket sizesw here the pric e cap isbind ingand makes
thisthe naturalcase to employ.Note the c omplete spillover assumptionimpliesallmarginalcostsare
id entical.Asnoted infootnote 2 ,inthe absence ofcomplete spilloversit w ould b e far hard er to d etermine
a naturaloutput assumption.

5



expected levelofwelfare (i.e. the consumers surplus and the producers surplus)over

the twoperiods. T he incumbentand each candidate selecttheirstrategytomaximise

(expected)surplusoverthetwoperiods,whichistotalrevenueinexcessoftotalexpense.

T hereisnodiscounting.T hedescriptionofthegameiscommonknowledgeandwefocus

onthesubgame-perfectequilibriaofthisgame.

A busingnotation slightly, itis convenienttousegandbtorepresenttheentryof

goodandbadtypes,andweuse;torepresentnoentry.A nentrysequenc isanordered
pair,r, in f(g;b;;)£(g;b;;)g and represents asequenceofentrydecisions bythe two

potentialentrantsinperiods1 and2.A nentryprō leisanorderedpairofentrysequences

A = fr;r0g wherer is theentry sequencegiven thatgarrives r̄standr0is theentry

sequencegiventhatbarrives r̄st.Forexample,anentryprō lef(g;b);(b;;)g describes
thefollowing;Ifgarrives r̄stbothcandidatesenterinduecourse,whileinthealternative

case(i.e.,ifbarrives r̄st)benters inperiod1 butthegdoesnotenterinperiod2.T here

arefourpossibleentrysequences foreacharrivalcontingency,sotherearesixteenentry

prō les.T heregulator's objective is toimplementthebestpossibleentryprō le inthe

moste±cientway,bysettingthepricecapandaccesspricestoprovidetherightincentives

fortheproducers.

A naccesspricingstrategyisastrategyoftheregulatorwhichconsistsofapricecap

pandaccesspricescontingentonthehistoryobservablebytheregulator.G ivenanaccess

pricingstrategy,weapplyabackward inductionargumenttodetermine each potential

candidate's entrydecision foreach possiblehistory.R ecordingtheentrydecisions that

wouldberealisedforeacharrivalcontingency,wederiveanentryprō lethatis a b̀est-

response'tothegivenaccess pricingstrategy.Everyentrantinthis prō lederives non-

negativeexpectedsurplus.N ote,however,thatthefactthataprō leisabest-responseto

anaccess pricingstrategydoesnotbyitselfmeanthattheregulatorcan induceitusing

theassociatedaccess prices sincethe incumbentmustalsoderivenon-negativeexpected

surplus from theaccess pricingstrategyorelsethe incumbentwouldnotaccepted itin

anequilibrium.W esaythataprō le is incentivecompatible atapricecap p ifi)itis

abest-responsetoanaccess pricingstrategywhosepricecap componentis p andii)the

incumbentderivesnon-negativeexpectedsurplus.

T hesurplus ofeachproduceris dē ned inthenaturalway.T hatis,thesurplus of

6



eachentrantisthetotalrevenueinexcessoftotalcostincludingtheentrycostF andthe

accesspricetransfers.T he(expected)surplusoftheincumbentistotalrevenue(revenues

andaccesspricereceipts)minuscostsincludingthecommoncostL .T heproducerssurplus

isthesumofsurplusesofallproducersandtotalwelfareistheconsumerssurplusandthe

producers surplus.N ote,onceapricecap,p,is accepted,asubgamestarts inwhichthe

regulatorcan induceanyprō leas longas itis abest-responseatp.Inthatsubgame,

therefore, the regulatorwillactually implementthe prō le thatgenerates the highest

welfareamongallprō les thatareabest-responseatp.T his prō le is called subgame-

optimalatp.N otethatgivenapricecap,thewelfarelevelgeneratedfromaprō leisnot

a®ectedbytheaccess prices used toinduce it,becausetheyareonlytransfers between

producers.

Finally,anentryprō leisimplementibleatpifitisincentivecompatibleandsubgame-

optimalatp.T heoptimalprō lethattheregulatorwillimplementistheonethatgenerates

thehighestwelfareamongallprō lesthatareimplementible(atsomep).

3. CompleteInformationandtheFirst-best

T hekeyinstrumentsthattheregulatorusestoinducetheoptimalentryprō learethe

accesspricesthattransferpayo®sbetweentheproducers.Inthebenchmarkcasethatthe

regulatorobservesthetypeofcandidates,shecaninduceanytransfersbetweenproducers

byusingappropriateaccessprices,aslongaseveryproducerhasnon-negativesurplus.In

particular,transferscanbemadeinsuchawaythateveryentranthas zerosurplus and

theincumbentreapstheentireproducerssurplus.T herefore,anentryprō leis incentive

compatibleatapricecap p ifandonlyiftheproducers surplus is non-negativeatp.If

theregulatorcancommittoanaccesspricingstrategy,shewillcomparethewelfarelevels

from allprō lesatthepricecapsatwhichtheyareincentivecompatible,andimplement

theonethatgeneratesthehighestwelfare.W erefertothisprō leas r̄st-best(implicitly

inassociationwiththepricecapthatgeneratesthehighestwelfare).

N otethatwehavenotconsideredsubgame-optimalityindē ningthe r̄st-best.W hen

commitmentis notpossibleas is thecase in ourmodel,therefore,the r̄st-bestis not

necessarilyimplementiblebecauseitmaynotbesubgame-optimalattheassociatedprice

cap.W eshowlaterthatthisproblemdoesnotariseinthebenchmarkcase:the r̄st-best

isinfactsubgame-optimalandtherefore,theregulatorwillimplementit.First,weidentify
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the r̄st-best.

T herelativeperformanceofentryprō les(hence,the r̄st-best)variesdependingon

theparametervalueofcand F .G ivena c̀ostcon̄ guration'(c;F )in(0 ;1 )£IR + wesay

thatanentryprō leA dominates anotherprō leA0atp,ifthewelfarefrom A exceeds

thewelfarefrom A0atthepricecapp.T henextresultsidentifyseveralentryprō lesthat

arealwaysdominated.

L emma3.1 : G ivenanycostcon̄ guration(c;F )andpricecap p,

(i)f(g;;);r0gdominatesf(g;b);r0g atp;
(ii)f(g;;);r0gdominatesf(;;b);r0gatp;
(iii)f(g;;);(;;;)gdominatesf(;;;);r0g atp ifr0isnot(;;;).

Sketch proof: O bviously (g;;)generates a largerproducers surplus than (g;b)

becausethesecondperiodentrybincurs theentrycostF withoutloweringcostofpro-

duction.Sincetheconsumerssurplusdependsonlyonthepricecap(nottheprō le),part

(i)follows.A nalogousargumentsestablishparts(ii)and(iii). Q .E.D .

A nentryprō leis not r̄st-bestforany(c;F )ifitis always dominatedbyanother

prō le.L emma1 shows theprō les thatmaysurvivethis dominancetestarethefour

prō lesoftheform f(g;;);r0g andthenullprō lef(;;;);(;;;)g,whichwedenoteas:

A 0 =f(;;;);(;;;)g

A 1 =f(g;;);(;;;)g

A 2 =f(g;;);(;;g)g

A 3 =f(g;;);(b;;)g

A 4 =f(g;;);(b;g)g

B yL emma1 weneedonlyconsiderthese v̄eprō lesanditturnsoutthattheranking

ofeachprō leisdeterminedbyitsconsumerssurplussincetheoptimalsolutionwillprovide

zeroprō ttoentrants andzeroexpectedprō ttothe incumbent.T hatis,eachprō le

is implementedmoste±cientlywiththelowestpricecap atwhichtheprō leis incentive

compatible,becausetheproducerssurplusfromanyhigherpricecapwouldbemorethan

o®setbythereductioninconsumers surplus duetoa d̀eadweightloss'.So,theoptimal
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pricecapforprō leA i,denotedbypi,isthesmallestsolutiontothefollowingequations:

A 0 : (2p0 ¡2)D(p0 )= L

A 1 : (2p1 ¡1 )D(p1 )= F =2 + L

A 2 : (2p2¡1 =2)D(p2)= F + L

A 3 : (2p3¡c)D(p3)= F + L

A 4 : (2p4¡c=2)D(p4)=3F =2 + L

(3:1 )

Ineachcasethelefthandsideoftheequationis theexpectedaggregatesales prō t

and therighthand side is thecommon costplus expected entry cost. T he levelofpi

dependsontheparametervalues,F andpossiblyc,exceptforA 0 wherep0 isindependent

ofbothcand F .

Sincealowerpricecapmeanshigherconsumerssurplus,the r̄st-bestforagiven(c;F )

is theentryprō leA i whoseoptimalpricepi is thelowestamongall v̄eviableprō les.

Figure1 illustratestypicalregionsofcostcon̄ gurations(c;F )inwhichthefourprō les

withpossibleentry(A 1 »A 4)are r̄st-best.IfF > F ¤= 2D(p0 )thenthenullprō le,

A 0 ,is r̄st-bestforallc.Verī cationofFigure1 isratherlengthyandis providedinthe

A ppendix.T heintuitionforthestructureofFigure1 is relativelyclear.Inallfourcases

thegood r̄mgisalwaysmadetoenterifitarrives r̄st.Clearly,iftheregulatordoesnot

wishthegood r̄mtoenterifitarrives r̄stthentheregulatormustnotwantanyentry(as

indeedoccursifF > F ¤).W hereentrycostsarehighandthereisasignī cantdi®erencein

qualitybetweenthegoodandbad r̄mtheoptimalstrategyistoallownothingotherthan

entrybythegood r̄m inthe r̄stperiod.Ifthegood r̄mdoesnotarriveuntillaterthen

thecostsofentrymakeitine±cientforittoentersincethereisonlyoneperiodofbenē t

from theentryofthegood r̄m.A s the x̄edentrycostfalls thenitbecomessensibleto

allowmoreentry.Iftheproductioncostofthebad r̄m isclosetothegood r̄m thenthe

optimalstrategyis tomakethe r̄st r̄m enterwhethergoodorbad.Conversely,ifthe

productioncostofthebad r̄m,c,isclosertotheincumbentthanthegood r̄m thenthe

optimalstrategyis tomakethegood r̄m enterwhetheritarrives r̄storsecondandto

preventthebad r̄m inallsituations.Finally,ifthecostsofentryarelowthenitbecomes

sensibletoforceentryofeither r̄m inthe r̄stperiodandtoforceentryofthegood r̄m

ifitarriveslater.
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T hepurposeofthis section is tooutlinethecasewheretheregulatorhas complete

information.Shewould implementthe r̄st-bestifitis subgame-optimalbutthis is not

guaranteed:oncetheincumbentacceptstheoptimalpricecapforthe r̄st-bestprō leand

lockhimselfin,theregulatormayinduceanotherprō lethatgeneratesahigherwelfare

butincursalosstotheincumbent.Inthiscase,theincumbentwouldanticipatethisand

rejectthepricecap andthe r̄st-bestprō lewouldnotbe implementible.Itturns out

thatthisproblemdoesnotariseinthecompleteinformationregime:sinceanyprō lecan

beinducedinsuchawaythattheincumbentreapsthewholeproducerssurplus,aprō le

thatdominatesthe r̄st-bestinthesubgamewouldbeincentivecompatibleatthesame

pricefrom thebeginningandhence,wouldbepreferredbytheregulator(seeSectionA .2

intheA ppendixfordetails).T herefore,the r̄st-bestwillbeindeedimplementedbythe

regulator.

Theorem 1:Iftheregulatorobservesthetypesofentrants,shewillimplementthe

r̄st-bestprō leforeach(c;F )attheminimumpricecapthatsatis̄ es incentivecompati-

bility.

Proof: SeeA ppendix,inparticular,SectionA .2.

4. IncompleteInformation.

W enowconsiderthecasewheretheregulatoris unabletoidentifywhich r̄m has

arrivedineachperiodandsocannotmaketheaccesspricingruleafunctionofthetypeof

entry.Itcan,ofcourse,beafunctionofentrywhichisobservablebytheregulator.Ifthe

regulatorcouldstillimplementall v̄eoftheviableprō lesasconsideredintheprevious

section the optimalaccess pricingand its welfare implication would remain the same.

A lthoughtherearesomeprō lesthatcanbeimplementedinthesameway,theinability

toobservethetypesofentrantsgenerallyrestrictstheregulator'scapacitytocontrolentry

usingaccesspricing.T his impliesthatsomeentryprō lesareimplementedlesse±ciently

becauseproducers surplus cannotbeextractedfullywhilesomeotherprō les cannotbe

implementedatallbecausetherightincentivescannotbeprovided.

T he complication forthe regulatoris thateitherofthe two r̄stcandidates,once

entered,willfacethesamerevenuesandaccessprices.T herearetwoconsequences:

(a)O neisthatiftheregulatorwishestoaccommodatebinthe r̄stperiodandsetsaccess
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prices accordingly,thengmustalsobeaccommodatedinthesamewayifitarrives r̄st

eventhoughgwillenteratahigheraccessprice.Inthesecases,thegentrantnecessarily

enjoysapositiveprō t,i.e.,\ informationalrent",whicharisesbecauseoftheincomplete

information.T his implies thatsuchprō les cannotdisplayzeroexpected surplus forg.

Prō lessuchasA 3 arenowfarmoreexpensivetoimplement.

(b)Iftheregulatorwishes toencouragegtoenterinthe second periodthen itcannot

stop bfrom alsoentering(in thesecond period)onceghas entered.T his follows from

thecompletespilloverassumption:althoughb'sentrydoesnothingtoreduceproduction

costs,b'sproductioncostsonentrywillimmediatelyfalltozerosincegisalreadyinthe

market.T his means thattheprō leA 4 is nolongerimplementible.EitherA 4 mustbe

replacedwiththeexistingprō les(suchasA 2 orA 3)oranalternativeprō le

A 5 =f(g;b);(b;g)g

which recognises thatr0= (b;g)implies r= (g;b).Itis straightforwardtoverifythat

amongtheprō lesthatalwaysdominatedundercompleteinformationasperL emma3.1 ,

A 5 istheonlythatceasestobesounderincompleteinformation(becauseA 4 isnolonger

implementibleandhence,iseliminatedfrom consideration).

Itisobviousthatthenullprō leA 0 canbeimplementedinthe r̄st-bestwaywithout

observingthe r̄ms'type.T hesame is truefortheprō les A 1 and A 2:sinceentryby

bneedbediscouraged,thedesiredentries canbe implementedviaself-selectionwithout

incurringinformationalrent.So,thewelfarelevelinthe r̄st-bestregionsforthesethree

prō les isuna®ectedbytheinabilitytoobservetheentrant'stype.G iventhattheprō le

A 3 is morecostlytoimplementand A 4 cannotbe implemented then this provides the

intuitionforthefollowingresult.

L emma4.1:U nderincompleteinformation,theregulatorwillimplementA 0 ;A 1 and

A 2 inthe r̄st-bestwayintheregionsinwhichtheyare r̄st-best.Inaddition,A 1 andA 2

areoptimalprō lestoimplementforsome(c;F )outsidetheir r̄st-bestregions.

T he r̄st-bestcannotbeachievedforcon̄ gurations(c;F )forwhichA 3 orA 4 is r̄st-

best:theoptimalprō letoimplementistheonethatgeneratesthehighestwelfaresubject

toincentivecompatibilityandsubgame-optimalityunderincompleteinformation.Figure

2 illustratesatypicalpatternoftheoptimalentryprō lesunderincompleteinformation.
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T hebrokenlines indicatetheregionsfromFigure1.InthelightofL emma4.1 ,tojustify

Figure2 weneedtoexaminetheoptimalprō lesforforcon̄ gurations(c;F )forwhichA 3

orA 4 is r̄st-best,referredtoasthe\ ine±cientarea."

A 3 isimplementiblebutatapricecapabovetheoptimalone,p3,duetoinformational

rent;A 4 isnolongerimplementibleatallandA 5 needbeconsideredinstead.

ForA 3 = h(g;;);(b;;)i, themaximum possible transferfrom each entranttothe

incumbent(asaccesspricepaymentsoverthetwoperiods)is(̂p¡c)D(̂p)¡F ,therevenue
ofbin excess ofF ,where p̂ is thee®ectivepricecap.T hen,the incumbent's incentive

constraintis

(2p̂¡3
2
c)D(̂p)̧ F + L (4:1 )

whichobviouslyimplies thatthepricecap mustbehigherthan3c=4.R ecallfrom (A .1 )

thatW 3(p)achieves itsunconstrainedmaximum atp=c=2 anddecreasesmonotonically

forp > c=2.So,theoptimalpricecap thatmaximizes W 3 subjectto(4.1)is thelowest

onethatsatis̄ es(4.1 ),whichwedenotebyp3¤.

ForA 5 =h(g;b);(b;g)i,themaximumpossibletransferfromthesecondperiodentrant

ineithercontingencyis p̂D(̂p)=3¡F .T hemaximumpossibletransferfromthe r̄stperiod

entrantineithercontingencyis (̂p¡c)D(̂p)=2 + p̂D(̂p)=3¡F ,andgearnsapositiverent

ifenters inthe r̄stperiod.So,theincumbent's incentiveconstraintis

(2p̂¡3
4
c)D(̂p)¸ 2F + L (4:2)

and,asbefore,theoptimalpricecapthatmaximizesW 5 subjectto(4.2)isthelowestone

thatsatis̄ es(4.2),whichwedenotebyp5¤.

BecauseA 3 andA 5 performworsethanthe r̄st-bestintheine±cientarea,weneed

toconsiderotherprō les as welltodeterminetheoptimalone.Prō les A 0 ;A 1 and A 2

maynotbeimplementibleattheiroptimalpricecap pi inthisarea,becauseA i maynot

besubgame-optimalatpi.Foreach(c;F ),therangeofpricecaps forwhichtheprō les

aresubgame-optimalarecalculated inthesamewayas in Section A .2 ofthe A ppendix

(because itis determinedbythetotalsurplus,notbyits distribution,from theprō les

implementibleinthesubgame)exceptthatwenowcompareA 0 »A 3 andA 5:A t(c;F ),
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thesubgame-optimalprō leforp̂ is

8
>>>>><
>>>>>:

A 0 if p̂¸D¡1 (F2)
A 1 if c¸ 1

2 andD
¡1(F2 )̧ p̂¸D¡1 (F ),orc· 1

2 andD
¡1(F2 )̧ p̂¸D¡1( F

2¡2c)
A 2 if c¸ 1

2 andD
¡1(F )̧ p̂¸D¡1(2F1¡c)

A 3 if c· 1
2 andD

¡1( F
2¡2c)̧ p̂¸D¡1 (2Fc)

A 5 if c¸ 1
2 andD

¡1(2F1¡c)¸p̂,orc· 1
2 andD

¡1(2Fc )̧ p̂
(4:3)

To n̄d the optimalprō le in the ine±cientarea, we need toconsidersubgame-

optimality(4.3)simultaneouslywith incentivecompatibility:(4.1 )forA 3,(4.2)forA 5,

and(3.1 )forA 0 »A 2 withtheequalityreplacedwith ,̧whichwedenotedby(3.1 ').For

given(c;F ),eachprō leA i is inoneofthreekindsofstatus:

®.T heoptimalpricecap(p0 ,p1 ,p2,p3¤orp5¤)exceedstheupperboundofthesubgame-

optimalrangeofpricecapsforA i asspecī edin(4.3),sothatA i isnotimplementible.

¯.T heoptmalpricecap belongstothesubgame-optimalrangeofpricecaps forA i,so

thatA i isoptimallyimplementibleattheoptimalpricecap.

°.T he optimalprice cap is belowthe lowerbound ofthe subgame-optimalrangeof

pricecapsforA i,sothatA i issub-optimallyimplementibleatthelowerboundofthe

range.(4)

N owwearereadytodeterminetheoptimalprō le inthe ine±cientarea:foreach

(c;F ),we n̄dtheprō lesthatareimplementible(optimallyorsub-optimally)andcompare

thewelfarelevelsfrom them.A ccordingto(4.3),A 2 iseligibleforanoptimalprō leonly

ifc¸ 1
2 andA

3 is eligibleonlyifc· 1
2.D uetothepositiverentofthegentrant,A

3 is

dominatedbyA 2 atthecriticalvaluec= 1
2.So,weconsiderA

3 onlyforc< 1
2.

First,weexaminethe ine±cientareaforc¸ 1
2.Itis easilyverī ed from (4.3)and

L emma A .1 thatA 0 and A 1 perform worsethan A 2 in this area.So,weonlyneed to

compareA 2 andA 5.Todothiswe x̄c¸ 1
2 anddividethehorizontalsegment0 ·F ·

F 24(c)accordingtothestatus(®,¯ or°)ofA 2 andA 5.

N otethat,being r̄st-bestatF = F 24(c),bothA 2 andA 4 aresubgame-optimalatthe

optimalpricecap p2 =p4 =D¡1 (F 24(c)1¡c ),thesecondequalityofwhichfollowsfrom(A .5).

(4 ) For thisto b e the c ase the incentive c onstraint for Ai also need b e satis̄ ed at the low er b ound .
(R ec allthat the LHS ofthe incentive c onstraint may eventually d ec rease.) T hiscond itionissatis̄ ed for
subsequent analysisasisverī ed ,for example,inthe proofofLemma 4 .2 .
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T his pricecap is inthe interiorofthepricecap rangeforwhichA 2 is subgame-optimal

underincompleteinformationasderivedin(4.3),namely,[D¡1(2F 24(c)1¡c );D¡1(F 24(c))].A s

F fallsfrom F 24(c)to0 ,thelowerboundD¡1 (
2F
1¡c)increasesbutp

2 decreases.T herefore,

A 2 switchesitsstatusfrom¯ (optimallyimplementible)to° (sub-optimallyimplementible)

atF hwhere

0 ·F h·F 24(c) and D¡1(
2F h
1 ¡c

)=p2(c;F h)

T he range ofprice caps forwhich A 5 is subgame-optimalis 0 · p̂ · D¡1 (2F1¡c).

BecauseincentivecompatibilityishardertosatisfyforA 5 thanforA 4,wehavep5¤> p4.

A tF = F 24(c)inparticular,p5¤> p4 =p2 > D¡1(2F 24(c)1¡c )andsop5 isnotimplementible

(status®).A s F fallsfrom F 24(c)to0 ,p5¤decreasesand,therefore,A 5 becomesoptimally

implementibleatF = F ` andstayssoforF < F ` where

0 ·F `·F 24(c) and D¡1 (
2F `
1 ¡c

)= p̂5¤(c;F `)

L emma4.2: 0 < F ` < F h < F 24(c)for
1
2 ·c< 1 .

Proof: ToshowF ` < F h,wetake
F 24(c)
2 asareferencepoint.N otethat

D¡1(
F 24(c)
1 ¡c

)= p2(c;F 24(c))> p2(c;
F 24(c)
2

)

Inaddition,sinceA 2 isincentivecompatibleatthepricecapD¡1(F 24(c)1¡c )whenF = F 24(c),

soitisatthesamepricecapwhen F is lower,inparticular,when F = F 24(c)
2 .H ence,A 2

issub-optimallyimplementibleatF = F 24(c)
2 and,therefore, F 24(c)2 < F h.Sincep2(c;F )>

D¡1(2F1¡c)forallF h < F < F 24(c),wewouldhaveproved F ` < F hprovidedthatp5¤> p2
forall F 24(c)2 < F < F 24(c).W eshowthatthisprovisionindeedholds.

P ick any F 0strictly between F 24(c)
2 and F 24(c). Ifp5¤(c;F 0)¸ p2(c;F 24(c)), then

p5¤(c;F 0)> p2(c;F 0)is trivialbecause F 0< F 24(c).So,supposep5¤(c;F 0)< p2(c;F 24(c)).

Sincep2(c;F 24(c))=p4(c;F 24(c))andtheL H S of(3.1 )isquasiconcave,wehave

(2p5¤(c;F
0)¡1

2
c)D(p5¤(c;F

0))< (2p2(c;F 24(c))¡
1
2
c)D(p2(c;F 24(c)))=

3
2
F 24(c)+ L (4:4)

Subtracting(4.2)evaluatedatp5¤(c;F 0)from (4.4)sidebyside,weget

1
4
cD(p5¤(c;F

0))<
3
2
F 24(c)¡2F 0· F 24(c)¡F 0 (4:5)
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wherethesecondinequalityholdsbecause F 24(c)
2 < F 0.O ntheotherhand,becausec¸ 1

2,

(2p̂5¤(c;F
0)¡ 1

2
)D(̂p5¤(c;F

0))¸ (2p̂5¤(c;F
0)¡c)D(̂p5¤(c;F

0))

= (2p̂5¤(c;F
0)¡3

4
c)D(̂p5¤(c;F

0))¡ 1
4
cD(̂p5¤(c;F

0))

> 2F 0+ L ¡F 24(c)+ F 0> F 0+ L

wherethelasttwoinequalitiescanbeverī ed,respectively,from (4.2)and(4.5)andfrom

2F 0> F 24(c).T hismeansthatincentivecompatibilityforp2 (thethirdequationof(3.1 )

withtheequalityreplacedby )̧issatis̄ edasastrictinequalityatp5¤(c;F 0).Sincep2 is

thesmallestsolution,weconcludep5¤(c;F 0)> p2(c;F 0)asdesired. Q .E.D .

ForF ` < F ·F 24(c),A 2 is obviouslyoptimalbecauseA 5 is notimplementible.For

F · F `,A 5 is nowimplementibleat p̂5¤;A 2 is alsoimplementiblebutatthepricecap

D¡1(2F1¡c).SinceA
2 andA 5 areequivalentas subgame-optimalprō les atD¡1 (2F1¡c),it

followsthatA 5 generateshigherwelfareatitsoptimalpricecap p̂5¤andhence,isoptimal.

So,theboundarybetween theoptimalregions forA 2 and A 5 is f(c;F `): 1
2 ·c< 1 g.

A s c increases, p̂5¤(c;F )riseswhileD¡1(
2F
1¡c)falls andhence, F ` falls.A s ctends to1 ,

D¡1(2F1¡c)tends to0 andhence, F ` tends to0 .T his justī es thepartition structureof

Figure2 forc¸ 1
2.

T hepartition structureforc< 1
2 canbejustī edbyananalogous analysis andwe

sketchithere.A sbefore,we x̄c< 1
2 anddividethehorizontalsegment0 ·F ·F 1 3(c)

accordingtothestatusofA 1 ,A 3 andA 5 (A 0 performsworsethanA 1 inthisarea).

A tF = F 1 3(c),theoptimalpricecap p1 coincideswiththelowerboundoftheprice

capsforwhichA 1 is subgame-optimal.T herefore,A 1 is optimallyimplementibleatF =

F 1 3(c),butforF < F 1 3(c)itissub-optimallyimplementibleatthepricecapD¡1 (
F

2(1¡c)).

Prō leA 3 is notimplementibleforF = F 1 3(c).A s F falls itswitches thestatus to

beingoptimally implementible,at ~F hwheretheoptimalpricecap p3 coincideswiththe

upperboundofthepricecaprangeforwhichA 3 is subgame-optimal:

0 · ~F h·F 1 3(c) and D¡1(
~F h

2(1 ¡c)
)=p3¤(c;~F h)

A s F fallsstillfurther,A 3 switchesthestatusagaintobeingsub-optimallyimplementible,

at ~F ` wheretheoptimalpricecapcoincideswiththelowerboundoftherange:

0 · ~F `· ~F h and D¡1(
2 ~F `
c
)=p3¤(c;~F `)
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A sforA 5,as F fallsfrom F 1 3(c),itswitchesthestatusfrombeingnotimplementible

tobeingoptimallyimplementible,at~F m wheretheoptimalpricecapp5¤coincideswiththe

upperboundofpricecapsforwhichA 5 is subgame-optimal:

0 · ~F m·F 1 3(c) and D¡1(
2 ~F m
c

)=p5¤(c;~F m)

T hefollowingrelationship canbeverī ed:

0 < ~F ` < ~F m < ~F h< F 1 3(c) for 0 < c· 1
2
:

For ~F h < F ·F 1 3(c),A 1 isobviouslyoptimalbecauseA 3 andA 5 arenotimplemen-

tible.For ~F m < F · ~F h,A 1 and A 3 are implementibleatpricecapsD¡1 ( F
2(1¡c))and

p3¤,respectively,butA 5 is not.SinceA 1 and A 3 generatethe samelevelofwelfareas

subgame-optimalprō les atthesepricecapsandp3¤·D¡1( F
2(1¡c)),itfollowsthatA

3 is

theuniqueoptimalprō leexceptatF = ~F hwherebothA 1 andA 3 areoptimalprō lesat

thesamepricecap p3¤=D¡1( F
2(1¡c)).

ForF · ~F m,allthreeprō lesareimplementible:A 1 atD¡1( F
2(1¡c));A

5 atp5¤;A 3 at

D¡1(2Fc)ifF · ~F ` andatp3¤> D¡1(2Fc)if ~F ` < F · ~F m.ItisintuitivethatA 3 performs

betterthan A 1.SincebothA 3 and A 5 aresubgame-optimalatthepricecap D¡1(2Fc),

thewelfarelevelfrom A 5 atp5¤exceedsthatofA 3 atD¡1 (2Fc ),whichinturnexceedsthat

ofA 3 atp3¤for ~F ` < F · ~F m.T herefore,A 5 isoptimalforF · ~F m.

Fromtheabove,theboundarybetweentheoptimalregionsforA 1 andA 3 isf(c;~F h):
0 < c< 1

2g,andtheboundarybetweenA 3 andA 5 isf(c;~F m):0 < c< 1
2g.A scdecreases,

p3¤(c;F )fallswhileD¡1 (
F

2(1¡c))risesandhence, ~F hrisesandconvergesto2D(̂p0 )asctends

to0 .Itis intuitivethat ~F m increasesinc:A 3 becomeslessattractivethanA 5 foralarger

c(becausecise®ectiveforlongerinA 3),whichneedbecancelledo®byaheavierdamage

toA 5 from higherF .

Finally,F `= ~F m atc= 1
2 is straightforwardfrom thedē nitionsofF ` and ~F m.T his

completesverī cationofFigure2.

T hefollowingfollowsimmediatelyfromFigure2:

Theorem2:T hesetofcostcon̄ gurations(c;F )thatsupportthepossibilityofboth

entrantsjoiningthemarketwhentheregulatorhasincompleteinformation,A 5,isaproper
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subsetofthesetofcostcon̄ gurationsthatsupportthepossibilityofbothentrantsjoining

themarketwhentheregulatorhascompleteinformation,A 4.

T his is the sense inwhich we suggestthatthe inability toidentify good and bad

potentialentrantswillencouragearegulatortobeless supportiveofpotentialentry.

O ncetheregulatorhas incompleteinformationthentheincentives becomecomplex.

H erewepresentintuitiveargumentsfortwoofthese.O nethatbettersolutionsexistbut

theyaretimeinconsistent.(5) Second,thatthegood r̄mwilloftenhaveincentivestoraise

theircost,i.e.,becomealessgoodcompetitor.W ewillcovertheseinturn.

Proposition 1 :Forsomecon̄ gurations (c;F )thereexists an entryprō lethat

exhibitshigherwelfarethantheoptimalone,butisnottimeconsistent,i.e.,notsubgame-

optimal.

T heintuitionforthisresultisasfollows.A s r̄st-bestprō lesA 2 andA 3 areequivalent

atthe boundary between thecorrespondingregions. W ith incomplete information the

welfarevalueofA 2 is una®ected(sincebdoes notappear).H owever,inthepresenceof

incompleteinformationthereisapositiverentenjoyedbythegood r̄m andsowelfareis

lowerinA 3 comparedtothecompleteinformationregime.Itfollowsthattheremustbe

anabruptdrop attheboundarybetweentheoptimalregions forA 2 andA 3 whenthere

is incomplete information.Forvalues ofclowerthanbut'close'to1/2,prō leA 2 will

generateahigherlevelofwelfarethanprō leA 3.H owever,A 2 cannotbe implemented

forsuchavalueofcbecause itis notsubgame-optimal:T hatis,whateverthelevelof

the pricecap,once itis setthe regulator n̄ds A 3 abetterprō le to inducethan A 2.

ImplementingA 2 ratherthanA 3 atthis pricecap wouldgeneratean insu±cientreturn

tothe incumbent. R ealisingthis, the incumbentwillonly acceptprice caps thatare

su±cientlyhightogenerateenoughreturntotheincumbentwhenA 3 is induced.

Proposition2:Forsomecon̄ gurations(c;F )thegood r̄mhasanincentivetoraise

itsproductioncost,i.e.,tobecomealessgood(butstillbetterthantheother)competitor.

T he intuitionforthis resultfollows from thediscussionofProposition 1.T hegood

r̄m earnsaninformationrentinA 3 thatitdoesnotearninA 2.A ttheborderofA 2 and

(5) T he e®ec t here isakinto the c onventionalincomplete c ontrac tsproblem,e.g., G rout (1984 ),Hart
(1995) and Hart and Holmstrom (1987).
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A 3 thegood r̄m hasadiscretebenē tfrom beinginA 3 ratherthanA 2.T heboundary

betweenthesetworegions isdeterminedbyc,therelativepositionoftheproductioncost

ofthebad r̄m tothoseofthegood r̄m andtheincumbent.T heprō tofthegood r̄m

increasesasthebad r̄m improves itspositionrelativetothegood r̄m.A ttheboundary

ofA 3 and A 2 thegood r̄m can changethe relativeposition ofitselfcompared tothe

bad r̄m byraisingitsownproductioncost.T husthegood r̄m hasapparentlyperverse

incentiveswhentheregulatorhas incompleteinformation.A nalogous incentives existat

theboundarybetweenA 5 andA 2,andbetweenA 3 andA 1.
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A ppendix

G ivenaprō leA i,let¹ci and¹ei be,respectively,themeanproductioncostperunit

andtheexpectednumberofentry.Forexample,¹c1 =¹e1 = 1
2 and¹c4 =c=4 and¹e4 = 1 :5.

T hen,theexpectedlevelofwelfareW i(̂p)from A i atapricecap p̂(whichisbinding)is:

W i(̂p)´ 2
Z1

p̂
D(p)dp+ 2p̂D(̂p)¡2¹ciD(̂p)¡¹eiF ¡L (A:1 )

where the r̄stterm is consumers surplus overthe twoperiods and therestcalculates

producers surplus:thetotalindustryrevenueoverthetwoperiods, 2p̂D(̂p),minus the

totalexpectedindustryexpensethatconsistsofexpectedindustryproductioncost2¹ciD(̂p),

expectedentrycost¹eiF ,andthenetworkoperationcostL .

From the r̄stderivative W 0
i(̂p)= 2(̂p¡¹ci)D(̂p), itfollows thatthewelfare from

A i monotonicallydecreases in p̂ forp̂ > ¹ci.Since incentivecompatibility implies p̂ > ¹ci
(otherwisetheindustryrevenuedoesnotcovertotalproductioncost,letalonetheoperation

costL andtheentrycost),theoptimalpricecap subjecttoincentivecompatibilityisthe

lowestonethatsatis̄ es it.

Sinceeachprō lecanbeinducedwithzerosurplusforallproducers inthecomplete

informationregime,the r̄st-bestprō leistheonewiththesmallestoptimalpricecap,i.e,

thesmallestsolutiontothecorrespondingequationin(3.1).InSectionA .1 wederivethe

r̄st-bestprō lesandjustifyFigure1.InSectionA .2 weshowthatthe r̄st-bestprō les

aresubgame-optimalattheiroptimalprices,therebyprovingT heorem 1.

Inprinciple,thelefthandside(L H S)of(3.1 )mayattainmultiplelocalmaxima(as

functionsofp),inwhichcasetheanalysis iscumbersome:theoptimalpricecap foreach

prō lecannotbeidentī edasasolutiontothecorrespondingequationatwhichtheL H S

is increasing,becausetheremaybemorethanonesuchsolutions.Inthis A ppendixwe

circumventthiscomplicationbyfocusingondemandfunctionsD suchthattheL H S ofthe

equationsin(3.1)arequasiconcave(6)asfunctionsofp̂.T hen,theyareeithersingle-peaked

(possiblywithaplateau)ormonotonicallynon-decreasingand,therefore,asolutiontoeach

equationatwhichtheL H S isincreasing(moreprecisely,atimmediateleftofwhichthe r̄st

derivativeoftheL H S isstrictlypositive)mustbetheoptimalpricecap.T hisconditionis

satis̄ edbyvarious(demand)functions suchasD(p)=a+ b=pandD(p)=a+ e¡bp.In

(6) A functionf isquasiconcave ifthe upper c ontour set fx :f(x)¸ rgisconvexfor every r 2 IR .
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addition,wenoteherethatthemainresultsofthispaper(suchas Theorems 2 »4)hold

foralargeclassofdemandfunctionsthatdonotmeetthis condition,althoughFigure1

maynotbeanexactdescriptionofthepartitionofthe r̄st-bestregions(seeSectionA .3

fordetails).Finally,weassumethatthe r̄stequationof(3.1 )has asolution:otherwise

someprō lesarenotimplementibleforany(c;F )andasaresult,nooptimalprō leexists

forsome(c;F ).

A .1. Derivationof r̄st-best

W ederiveaseriesoflemmasthatjustifyFigure1 asthe r̄st-bestregions.T heoptimal

pricecaps p1 and p2 arefunctions ofF and p3 andp4 arefunctions ofcand F .W hen

weneedtoemphasizesuchdependence,wespecī callywriteasp1 (F );p2(F );p3(c;F )and

p4(c;F ),ormoregenerally,pi(c;F ).T hesepricecapsmaynotexistforhigherlevelsofF .

W heneverapplicable,subsequentstatementsneedbeunderstoodwiththequalī cation\ if

suchpricecapsexist."

Fori;j=0 ;¢¢¢;4,wesaythatpi undercuts pj atagiven(c;F )ifthefollowingholds:
ifpj exists,sodoespi andpi < pj.G ivenc,letF ij(c)bethevalueofF suchthatpi=pj

at(c;F ij(c)). T he nextlemmashows interalia that F ij(c)is unique ifexists, except

forF 23(12)which is shown in L emma A .2 tobe any F atwhich p2(F )exists, because

p2(F )=p3(12;F ).

L emmaA .1 : Consideri < j suchthatfi;jg 6=f2;3g.IfF ij(c)exists(foragiven
c),then

(a)pj existsandundercutspi atall(c;F )with F < F ij(c),and

(b)pi undercutspj atall(c;F )with F > F ij(c).

Proof: B ysupposition,pi(c;F ij(c))=pj(c;F ij(c))whichwedenoteby p̂ forconve-

nience.A lso,p̂ solvestwoequationsof(3.1 ):

(2p¡2¹ck)D(p)=¹ekF ij(c)+ L (A:2)

fork= i;j,where¹ci¸¹cj and¹ei < ¹ej.Takingthedi®erencesbetweenthesetwoequations

(valuedatp̂)sidebyside,weget

2(¹ci¡¹cj)D(̂p)= (¹ej¡¹ei)F ij(c) (A:3)
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T heL H S of(A .2)hasanegativevalueatp=0 andincreasesasp increasesatleastup

topk(c;F ij(c)).ForF < F ij(c),therefore,bothpi(c;F )andpj(c;F )existandaresmaller

than p̂.M oreover,pj(c;F )< pi(c;F )if

(2pi(c;F )¡2¹cj)D(pi(c;F )) > ¹ejF + L (A:4)

W enowprovepart(a)byverifying(A .4).N otethati)(¹ej¡¹ei)F < (¹ej¡¹ei)F ij(c),

and ii)(¹ci¡¹cj)D(pi(c;F ))¸(¹ci¡¹cj)D(̂p)because p̂ > pi(c;F )andD(¢)is decreasing.
Inconjuctionwith(A .3),weget

2pi(c;F )D(pi(c;F ))+ 2(¹ci¡¹cj)D(pi(c;F )) > 2pi(c;F )D(pi(c;F ))+ (¹ej¡¹ei)F

fromwhichwederive(A .4)because(2pi(c;F )¡2¹ci)D(pi(c;F ))=¹eiF + L .

ForF > F ij(c),ananalogousargumentverī espart(b),thatis,ifpj(c;F )exists,so

doespi(c;F )andpi(c;F )< pj(c;F ). Q .E.D .

L emmaA .2: p2 undercutsp3 atall(c;F )withc> 1
2 ;p

2(F )=p3(12;F )forallF ;

p3 undercutsp2 atall(c;F )withc< 1
2.

Proof: T he second assertion is immediatebecausetheequations forA 2 and A 3

areidenticalifc= 1
2.T he r̄st(last)assertion is easilyverī edbecausetheL H S ofthe

equationforA 2 in(3.1 )exceeds(fallsshortof)thatforA 3 whiletherighthandsidesare

thesame. Q .E.D .

ByL emmaA .2,weneedtocomparep0 »p2 andp4 forc¸ 1
2 andp

0 ,p1 ,p3 andp4

forc· 1
2.W edothisforthecasethatF 0 1 ,F 1 2,F 1 3,F 24 and F 34 existforallrelevantc.

T his casegeneratestheprototypepartitionstructureofthe r̄st-bestregions.InSection

A .3 wediscusspossiblevariations inthepartitionwhensomeofF ij abovedonotexist.

L emmaA .3: (a)F 0 1 (c)=2D(p0 )forallc2 [0 ;1 ].
(b) Ifc¸ 1

2,then 0 · F 24(c)< F 1 2(c)< F 0 1;F 24(c)is continuous anddecreases inc;

F 1 2(c)isaconstant.

(c) Ifc· 1
2,then 0 · F 34(c)< F 1 3(c)· F 0 1;F 34(c)is continuous and increases inc;

F 1 3(c)iscontinuousanddecreases inc.

Proof: (a)T heoptimalpricecap p0 forA 0 is aconstant.Sincep0 alsosolvesthe

secondequationof(3.1 )at(c;F 0 1(c)),part(a)followseasily.
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(b)L etp̂bethecommonsolutiontothesecondandthirdequationsof(3.1 )atF 1 2(c).

M ultiplytheformerequationby2 andsubtractthelattersidebysidetoverifythatp̂ isa

solutionto(2p¡1 :5)D(p)= L .Infact,p̂isthesmallestsolutiontothisequation:otherwise

p̂wouldnotbethesmallestsolutions tothesecondandthirdequations of(3.1 ),either.

O bviously,p̂ is independentofc,and p̂ < p0 followsfrom (2p¡2)D(p)< (2p¡1 :5)D(p).

N ow, by takingdi®erences between the second and third equations of(3.1 ), note

F 1 2(c)=D(̂p).So,F 1 2(c)is aconstant.Furthermore,F 1 2 < F 0 1:thevalueoftheL H S

ofthesecondequationof(3.1 )atp̂ is F 1 2=2 + L whichis lowerthanthatatp0 ,namely

F 0 1 =2 + L ,because p̂ < p0 andtheL H S is increasinguptop0.

Byananalogousargument,F 24(c)=(1 ¡c)D(~p)where ~p is thesmallestsolutionto

(2p+ c¡1 :5)D(p)= L .So,~p< p̂.T hatF 24(c)iscontinuousistrivial.T hatitdecreasesin

ccanbeshownbycalculus,butanintuitionsu±ces:A 4 becomeslessattractivethanA 2

foralargerc,whichneedbecompensatedbylowerF soastomakeA 4 stayasattractive

as A 2.Finally,F 24(c)< F 1 2:thevalueoftheL H S ofthethirdequationof(3.1 )at~p is

F 24(c)+ L whichis lowerthanthatatp̂,namely F 1 2 + L ,because ~p < p̂andtheL H S is

increasinguptop̂.

(c)T heproofforpart(c)consistsofessentiallythesame(albeitslightlymoreinvolved)

argumentsasthoseusedtoprovepart(b),whichweomithere. Q .E.D .

W eusetheselemmastoverifyFigure1.Forc¸ 1
2,wecompareA

0 ;A 1 ;A 2 andA 4.

From L emmasA .1 andA .3 andtransitivityof\ undercutting"relationship,wededucethat

the r̄st-bestprō les are:A 4 withp4(c;F )forF · F 24(c);A 2 with p2(F )forF 24(c)·
F · F 1 2;A 1 with p1(F )forF 1 2 · F · F 0 1.M oreover,theboundarybetween A 4 and

A 2,thegraphofF 24(c),isadownwardslopingcurvejoiningcon̄ guraionpoints(0 ;1 )and

(F 24(12);
1
2);theboundarybetweenA

2 andA 1 istheverticallineatF = F 1 2;theboundary

betweenA 1 andA 0 is theverticallineatF = F 1 0.T he r̄st-bestprō les forc· 1
2 are

analogouslydeducedandtheyconform toFigure1.T he r̄st-bestregions forc¸ 1
2 and

c· 1
2 arejoinedwithoutslip(i.e.,F 24(

1
2)= F 34(12)andF 1 2 = F 1 3(12))becauseA

2 andA 3

areequivalentwiththesameoptimalpricecap atc= 1
2.

A .2. First-bestprō lesareimplementible

SinceD(̂p)ishigherforalowerp̂,wereasonfrom (A .1 )thatthelowerthepricecap,

themoreimportant¹ci isrelativeto¹ei inimprovingthewelfare,andviceversa.T hatis,as
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p̂ increasesthesubgame-optimalprō leswitchesfrom theoneswithlow¹ci suchasA 4,to

theoneswithlow¹ei suchasA 0.BycomparingW 0 »W 4
(7)forvarious p̂,weverifythat

therangesofpricecaps p̂forwhicheachprō leis subgame-optimalareasfollows:

A t(c;F ),thesubgame-optimalprō leforp̂ is

8
>>>>><
>>>>>:

A 0 if p̂¸D¡1 (F2)
A 1 if c¸ 1

2 andD
¡1(F2 )̧ p̂¸D¡1 (F ),orc· 1

2 andD
¡1(F2 )̧ p̂¸D¡1( F

2¡2c)
A 2 if c¸ 1

2 andD
¡1(F )̧ p̂¸D¡1( F

1¡c)
A 3 if c· 1

2 andD
¡1( F

2¡2c)̧ p̂¸D¡1 (Fc)
A 4 if c¸ 1

2 andD
¡1( F

1¡c)¸p̂,orc· 1
2 andD

¡1(Fc)̧ p̂
(A:5)

Itis straightforwardtoverifyfrom (A .5)thatforeach(c;F )the r̄st-bestprō leis

indeedsubgame-optimalattheoptimalprice.W eshowthisforA 2 here.Exactlyanalogous

argumentsworkforotherprō les.

Consider(c;F )forwhichA 2 is r̄st-best,thatis,c¸ 1
2 and F 24(c)· F · F 1 2(c).

T hen,

p2(c;F 24(c))· p2(c;F )· p2(c;F 1 2): (A:6)

Sincep2(c;F 1 2)solvesthesecondandthirdequationsof(3.1 )at(c;F 1 2),wehaveD(p2(c;F 1 2))=

F 1 2 andsop2(c;F 1 2)=D¡1(F 1 2)< D¡1 (F ).Similarly,p2(c;F 24(c))solvesthethirdand

f̄thequationsof(3.1 )at(c;F 24(c)),fromwhichwededucep2(c;F 24(c))=D¡1(F 24(c)1¡c )>

D¡1( F
1¡c).Inconjuctionwith(A .6),p

2(c;F )is intherangespecī ed in(A .5)forwhich

A 2 is subgame-optimal.

A .3. Variationsofthepartitionstructure

W ejustī edthe r̄st-bestpartition inFigure 1 forthecasethatallrelevantF ij(c)

exist.Inthiscase,thegraphofF ij(c)formstheboundarybetweenA i andAj.Ifthis is

notthecase,theparitionstructureisalteredbutthemainfeaturesareretained.

Consider F 24(c)forexample. F 24(c)necessarily exists forsu±cientlyhigh c < 1 ,

convergingtoF 24(1 )=0 .Forlowerc,however,itmayhappenthatp4(c;F )existsprecisely

when F is nottoolarge,say F ·G 4(c),andwheneveritexists itundercuts p2(c;F ),in

whichcase F 24(c)doesnotexist.Supposethis is thecaseforc< ĉwhere ĉ> 1
2.T hen,

(7) T he pro¯lesshow nto b e d ominated inLemma 3.1 are also d ominated inthe subgame after p̂ is
ac c epted and so,need not b e c onsid ered .
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theboundaryofA 4 startsfromthecon̄ gurationpoint(1 ;0 )downwardalongF 24(c)until

c= ĉ;then itcontinues alongthegraphofG 4(c)which is alsodownward slopinguntil

itmeetsthegraphofF 34(c);atthis pointitturnsaroundandcontinuesalongF 34(c)to

thepoint(0 ;0 ).T heareatotherightofthisboundaryandtotheleftofF 1 2 and F 1 3(c),

is dividedbetweenA 2 andA 3 withaborderalongc= 1
2.(Forsome(c;F )inthis area

su±ciently closetoG 4(c),theoptimalprice cap p2 orp3 maybebelowthe subgame-

optimalrangespecī edin(A .5),inwhichcaseA 2 orA 3 needbeimplementedataprice

capabovetheoptimalone,generatingapositiveproducerssurplus.)

Foranotherexample,supposethatp2(F )existspreciselywhenF isnottoolarge,say

F ·G 2,andwheneveritexists itundercuts p1(F ).Inthis case,F 1 2 doesnotexistand

theboundarybetweenA 1 and A 2 is averticallineatF = G 2 forc¸ 1
2;theboundary

betweenA 1 andA 3 starts from (12;G 2)andcontinuesalongthegraphofG 3(c)which is

downwardslopingandpenetratesthelower-leftcornerofthe r̄st-bestregionofA 0 (G 3(c)

isthemaximum F atwhichp3 exists).Forasimplerexample,F 0 1 doesnotexistifp1(F )

existspreciselywhenF ·G 1 ,andislowerthanp0 :inthiscasetheboundarybetweenA 0

andA 1 isaverticallineatF =G 1.

Itis easytoseethatA 0 is r̄st-bestforsu±cientlylarge F ;A 4 is r̄st-bestforsu±-

cientlylowc;A 2 is r̄st-bestforsu±cientlyhighcandlowF ;A 3 is r̄st-bestforsu±ciently

lowcand F .ButA 1 maynotbe r̄st-bestforany(c;F ):this is soifp1 is undercutby

eitherp2 orp3 wheneverp1 undercuts p0.Inthis casethepartition looks likeFigure 1

withthechangethatA 0 replacesA 1.T heboundarybetweenA 0 andA 2 (A 3)iseitherF 0 2
orG 2 (F 0 3(c)orG 3(c)).

Finally,furthervariationofthepartitionstructureresultswhenquasiconcavityofthe

L H S of(3.1 )isrelaxed.H owever,therelativepositionofthe r̄st-bestregionsremainthe

same.O nenotablevariation is thattheboundarybetweenA 4 andA 2 andthatbetween

A 4 and A 3 mayextendtomeetthe r̄st-bestregionforA 1 ,inwhichcasethe r̄st-best

regionsforA 2 andA 3 arenotadjacent.
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