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Abstract

This paper addresses the issue of how regulators can use access pricing to promote entry by innovatory
firmsin the presence of essential facilities. The entrants have lower costs that spillover to firmsin the
market but the regulator is not able to distinguish which entrants have low costs and which do not. In a
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industry and offsets the fixed entry cost associated with entry. The other is a negative effect in that the
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free ride on the quality of a good entrant since it is protected from the consequences of its high costs
and poor technology if a good firm has aready entered or may be about to enter. 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 aless good competitor.

JEL Classification: L51
Keywords: essential facilities; promoting competition; access pricing; technology spillovers

Acknowledgements

We are grateful to participants of the Ingtitute of Economics and Statistics Seminar, University of
Oxford and the AEA meetings at Chicago for helpful comments. This research has been funded by the
Leverhulme Trust under the Regulation of Newly Privatised Entities project

Addressfor Correspondence
CMPO, Department of Economics
University of Bristol

8 Woodland Road

Bristol

BS8 1TN

p.a.grout@bristol.ac.uk

CMPO isfunded by the Leverhulme Trust.



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 firmsin 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 entrantsisreduced. 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 aso show that for certain
configurations the good firm has an incentive to raise its costs, i.e., become a less good
competitor.



1 - Inoductiaon

0 ptimal pridng Tor aoess 1o essential fd kties hes reEvaed aasiderabke atlatian
in reaatyears both from econamists and policy makers throughaut the world - T his hes
Toasad mostly an netnork uti kities but otherissues sudn as aoess o parts hae recavaed
reguBEiory atfentian R ecantintarest hes bean dimven in partby the wae ofprivatisatias
ofretnak utiities araund the world and intermatianal dirive to gpen up retnark markets -

0 ne ofthe most comman aassss prabEms anises in netnarks whete a service reguires
™o BB, ae amaxpoly onned essattial £d ity, ad the othera potattially competitive
ssgnatt. Suppliers other than the onner of the essenttial &d ity nesd 1O interaanect
with the mangoaly supplier and will ganerally be expedied 1O antribute to the axst of
e essarial Ed ity- T he gopropriate structure of this agess darge hes been the Toas
ofsigi cant debate within the ecaamics prolessian.- In basic modek aR amsey priang
ruk, arsanetimes a \vary smpk varsian of this often refernred 1o as the B aumol ilig
rulke whare the agess darte is setat the margnal asst of prodsian pls the qoportunity
ast, is gotimal Gee, Treanple, B aumd and Sidek (994) and L aRotad T iroke (994,
1996))- W here there are issues sudh as netnark extermaliies ar unregulaied manqpoly
suppliers then there will be deviatias fran these rukss Gee, Tareamplke, the disaussianin
Econanides (996)-

A feature of conventianal aoasss pridng rukss is that they make entry di=aul_ T he
potatial entrarit hes 1 mest, in the Tam of an acess darge, both the maxapolists
margnal asst of the essential £d ity and the astomer’s antributian © the maxapolists
anman ast, and then coer the entrants onn asstbefare they éan pro Bbly eter the
market. 0 nae ane indudes the up-frat ast of ary itis often di-=ault to aampete in
the presence of sudh an agasss priding regme. A tthe sane time is camman or there o
be a gal doligatian an regulEatory agendes 1o pranole eRective aampetiian - T his is the
e in the Eurgpean U nian and within the framenark of U K regulatory policy, Wwhere
regulEaiors have proad resistant o the imp lEmentatiaon ofconveritianal aceess priding rulkess
G, Treampk,t raut(996))-T hese thopasitias Gan be recond Ed ifthere areextarral
eBects 49 Farexamplk, newattrants may bring inmovatias whidh loaerassts Torall” ims
then pasitive aTry assistance through loneraaesss pricss an bebene adal-T his, honever,

@) See Hr examp B, De Frajp (1997, 1999).



rases guestias sudh as havw log shaud the entry assistence st Furthermare, alithaugh
a regubEiory bady may wish to reduce aossss dargss toattiectinmoatory s, inmany
Gsss itis dxallit or the regulatiory body to distinguish, at ksst in the medium tem,
betnean the etranits thabwi llbe mastbae dal and those thatare kssbae aal- Indesd,
thereis an inherantd Enmawhen pursuing edency and wishing to pranote aampetitian -

In adynamic framenork with entrarts of d®ering quality tednology spilbvers hae
woeRts. 0 neis pasitive in that the nevw tednology of the erant can be apied by the
inaumbeant. T his reducss astin the industry and aiets the  >ad ety ast assodated
with entry_ T he otteris a negative eRactin that the abi ity 10 use aassss priding to deter
ettty ofbad quality atrants is reduced- A bbwvauality ' éan fiee ride an the quality
of a good enriarit sinee itis protiected fram the caseguenass of its high aosts and poar
tedrolgy ifagood m hes alieedy entexed armay be ebaut to enter- T he greatier the
spi Iberthe geaterthe desi re o attract goad ettrants butako the harderritis topaalise
poor quality etrants - T his pgperaasidars this diEnmaand the caseouanass Tarpublic
policy- I'tamplmants the existing agess pridng erature in that it foasss an issues
thathae notbean addressad o date, in partiaularthe imitatias ofsimp e aaosss pridang
in the presanae oftte pillbers in a game theoretic sstling.-

T he lByaut of the paper is as Dllons. Section 2 autines the madel. Thare is a
regulEaior;, an inaumbent thatt onrs the essantial &d ity and to potential entrants in the
potatially conpetitive sectian ofthe netnork_ T he inaumbeanthaes aconman acstbetnean
the t\o sectias of the netwark. T his favaurs maxgpoly provsian but the tho potatial
atrants hae bnerproduction asts ad these spillbberwhen they eier e market_ T he
disschatege ofary is tatttereisa >xed ae-cRhetry asstper m T he riegulatorsets
aprice g Whidh hes o asure that the inmcumbatcan nance its activities ( e-hes nn
necative expected pro tin equi ibrium) and then sets an aaeess pridng riegme which may
encourace ardiscourace atry- T here are o time periacs, ae ofthe ms amve in eedh
pericd and each hes eqgual praoabi ity ofbaing 1st. W e autline and disauss the subgame
perfect equi ibria of the model (iednical prook are anitded in this varsian)

Sectiaon 3 ofthe pgperaasidars the pasitian when the regulaior can doserne Whether
te st m is the good ae (e, bner praductian ast) or the bad ae (e, higer
praductian ast)- In this ee the regubior is bk o impkEnait the  stbest solitian
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and we daracterise this- T he equilibria Subsidise entry™ 1O acocommadate the spilllber
eRect. T hare are Tour pro ks that are qotimal. Either the pricss encourace early enry
by thegood m butdiscourage Ete atry, excourage ety by thegood  m atany time,
encourace ety by the  iIst 'm and discourage enry thereafter;, ar encourage enry by
tegoad m atall imes and enrty by hebad  m in the eardy periad -

A sindicated, the pracess ofadhieving  Istbestby subsidising ey assumes thatitis
passible 1O doserne whetheratrants are good arbad mms - Inganeral, itis mare plausibe
10 assume that the riegulEior is vary usure when setting the policy- Far eample, the
UK telbommunicatias regulatory regme anly alloned for ae new eniax g, Il exaury
Canmunicatias pk, in the U K market for many years after the prvatisation of B ritish
Telboommunicatias.- 0 ne can think of this as a\very extrame varsion ofaurmaockel. I'twss
B ffan dear at that time whether |l exaury Wwes a good quality aompetitor-. 1ndesd, ex
pcstthere are mixed viens s o the guality ofll eraury as aaompetitarin this periad ad
the policy wes eventually sbandaed in faaur ofa mare gpen ae.- Sedtian 4 asiders
the madkel when itis notpassibe to idattify whether the etiantis e good arbad ™ .
T he question we address is whether the lbdk of Tulll informatian encouragss the regulaior
tosustain entry enhanding polides Tor longeronnhetherthe reguletormakes ey harder—
W ehavematianed sbove thatwhenitis notpassib e todosene the tpes then e spillber
eRsctmakes itharderto use the aaasss pridng structure todeterpaor  Ims since aregme
thatwishes o attract a b/ ast I gven a high asst ae hes entiered cannot prevant
ahich ast m atering in the wake of e bwast M since the spilber protects the
bad m fian the aseguenass ofits onn inetdacy. Simiklarly, a regme that wishes
O attracta higherast 1 in the early stags camnotprevaita bwvast I eaming a
pasitive surpls shauld itbe the  1stin the market. T his prevatts the impkEmentatian of
te 1stbest.( eardlly, e showv that the incatives are Tor tre requlator © Imitentry
enhencament in the face ofincompEte infomatian rather then be mare qpen in the o=
ofthe insbi ity to determine thegood  ms fran the bad anes.-

Section4 aboaddresses certan features ofthe equi ibriac 1'tshons thattin the presanae
ofimperectinformatian there are pro ks vwhidh are superiarto the impkEmentibe pro ks
but that they are not ime aasistat. || ae interestingly, it is shonn that Tor certan
an guratias the good M hes an incaattive o rase its asts, | e, beaome a kss goad
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ampetitor. T heintuitian orthis is that the regulatoni Il nobwish o encourace the high
ast m ifits asts ae sgi antly wase then tre lbwvasst m .2 In this ceee the aoesss
pridng regme nesd provice nosurpls othe goad M. Inantisst, ifthebad m is
not oo inetdeantin amparison O thegood M then the gotimal aoaess pridng regme
encouragss entry by the hich acst 'm vwhidh implies thatthe lbbwvast m earms apasitive
epected surplbs. T hatis, the informaticaal it of the good M Gan be inaessad by
redudng the extent ofits superiarity oerthe hich ast .

2_ TheBasicl odel

T he madel axsists of a regulaied market with ae inaumbat and t\o potertial
atrants. T he market danad for the nal product is represaied by a di®anticblke
fnction D @) with derivatives D) < | and DRp) > 0 - T he inaumbent has aonrol
ofthe yostream part ofthe netnarkk hidh is an essattial a ity Torageess to astaoners.
T he aurrentstate o tednology avda Bbke 1o the incumbantiar prossian ofthe donnstream
partofthe netnark is a arstat acst per uni't. Eadh potential eatrant to the donnstieam
activity hes a >xad astofetry, F - T he tho potattial etrants di®er in thar states of
tednolgy that they bring into the industry when they ater- B oth assts are belowv the
inAumbants asst per unit but ae of the erants, reened 1o as the goad tpe, hes the
Inesst ast tednology and the other;, refened 1o as the bad tpe, hes a tednology with
asts betneen the inaumbantand the good entrant. W e use g and bas sharthend forgood
and bad tpes, respectinely- Faorsimplidty, we assume withaut bss of generall ty that the
inambats asstperunitis | , the good erant’s astperunitis( ad the bad entraits
axstis g < c< | W eassume ttat there is a amplete spilber of tedology- T hatis,
e bnest asttsd ooy in plae in the market at any time can be apied asstiessly by
others in the industry €2

T he extasive Tam gane of the madel asists of an inftiation stege and o subse-
quat periads . Famally, we can think of the inftiatian stege as ae where the riegulaiar
sels aprnc G, p, Whidh the inaumbentather acogpts arrgects - | Fitis rigjected, there is
No productian and the payaRs 1o all involhed parties are idattically zevo. T his Tamalises

@) The attractionofasamirga comp kte silbver isthat it provil esthe rihes st ofoucomesani
avoil shavirgto d ecil e onthe Brm ofmarket haresina stuatbnw here there are § Berirgcostsan a
birl irgpre cap (e Hotrote 3)-Sub ject to a rem Lt bnofthis ktter ¢ it culy rore ofthe mainresuls
inthe paper appear to be d eperd ert onthe comp kte filbver asamption
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the idea that a regulator must albw the regulatied ™ © TUd i activitiss, i e, the
regubtied ™ will only acapta price & ifthe eected pro tis noyeatine. [ Fitis
acpEed, the inaumbantis bbd<«ed in, thatis, the inaumbetmust gperate the nethnarkk in
the industry in both periads and provde aassss o newerttrants ifthey wish- Firally, the
regubied ™ hes acommanad >xe&d astofl > | whidh is necsssary Tor it to qperate
in etherthe vpstream ardonnstream market.

INn eedh of the tn\o periads, a saquenae ofmoves tEake plbee: () ae of the potatial
entrants ames at the market, (i) the riegulEIor sets an agsss prce g Tor the aumant
paiadi=1;2, (iDteaned m makes an atry deasian, (V) tte market reedes the
Caumot solition ifthe Caumot price is bebw the price Gep, p; the 1ms in the market
share tte market demand D (0) evenly at the price p ifthe Caumotprce is aboe p, ad
Weadh m in the market pays g 1o the incumbant. A acsss pricss are allbned to be
necative.- | e assume Torthe purpases of this pgper that the marketis sut-aently exge O
ersure that the gotimal price sp impasad by the regulatoris binding €2

0 ne of the tho polattial entrats ( £, g ar b) amves at the market in periad |
@qual prdosbi ity ofeech e ) ad the other ammives in pariad 2 - T here are tho aminal
antingendes that desaibe candidates " types in the tho periods: ane amval caatingenoy is
thatthe stadidateis gand the seaond candidate is b, and the otheraaitingenoyis the
rearse. Candidates are refernad 10 as atrants when they actiually enter the markett_ T he
tpe ofeach candidate is knonn o ms in the marketwhen he enters butthe tpemay ot
be knonn by the regulaior W e aasider tno passibi kties Torthe regulator's informaticn an
e anddates™type-4 s abaedmark, we caasiderthe Gase where the riegulator dosernves
te mS tpe o amal. | e then aasider the Gase where the regulator dosenes the
ocaounence of ey but not the tpe ofFaTrants. A a=ss priass Gan be made antingat
upan what the regulator hes dosenved - 1N the Tomer Gase, tharefare, the regulaior hes
mare GGpadty 1o aaTadl aTry by setting a0aEss prHaGss aainga Tt upan aTrants ™ tpes -

In ather cee, the regulEior sets the price p and agaess pricss O maxdmise the

® withabirirgprie cap the market sharesofil ericallyp bce _rmsina Courroet equilb rium may
rot be exact Iy equalldne they Be iNa rarge arourd the eque Imarket sharescase - T he ¢ b<er the prre
cap isto the unorgraired price the snalkr the rarge - T he eque Ishare isthe orly >el sharirgruk that
iscompatb E w ith the Courrot asamption®r almarket szesw here the prie cap ishini irgari makes
thisthe ratuallca to emp by- Note the comp kte pilbver assamptionimp ksaBmargralcogsare
dertctall Asrotel inBotrote 2, iNthe ab e ofomp kte silbversit woull be #r hard er to d etermire
a raturallouput asamptbn



epected bwel of weliexe (e- the aasumers suipls ad the producers suiphbs) oer
the t\o periacs- T he incumberit and eech candidate select their strategy 1O maxdmise
©@qaected) surplbs oarthe o periads, whidh is total revaLe in exasss of tolal epase.
T here is no discounting- T he desaiptian of the gamne is conman knoMedoe and we Toas
an the subgameperfect equi ibria of this game.-

A busing notatian slidtly, itis anenient o use g and b 1o represent the enry of
good and bad tpes, and we Lse ; o represa it no atry- A N entry segpenc is an adered
par, r, in TG;h £ @37 ad represents a sequence of ery dedsias by the o
potentialatrants inpariacks | and?2 A nentry pro ke is an adered pairofentry seouencss
A = ;1Y wheare r is the enry ssopence gven thet g amives ™~ st and P is the ety
spene gven tetbanives st Fareamplke, an ety pro ke f(G;b); @ ;) desaibes
the Olbning; I Ffgamnives  1Istboth candidates enterin due course, Wwhike in the alltermatine
e ( e, ifbarves rshbatars inpaiad!l butthe gdoss notatterinperiad2 T here
are Tour passibke entry secpaenass Tor eech amval aatinga oy, O there are sixteen ary
pro kEs. T he iegulEir's dojectinve is O implkEmeant the best passibke entry pro E in the
mGstetdattway, by setling the price Gp and aazess prass o proJade the nghitinaantives
o the producers.

A N aasess pridng strateyyy s a strategy of the regulatarwhidh aasists ofa price Ggp
p and aaess pricss atingaitan the history doseneble by the requlaIor_6 Iven an aoesss
pridng strategy, We gpply a badavard inductian argument 1o determine eedh potential
candidatie’s entry dadsian for eech passibE histary. R ecading the ety dedsias that
wauld be realised for eech anival aantingency, we derive an etry pro ke thatis a beste
respase” o the gven aassss pridng strategy- Bvary eatrant in this pro E derives nant-
necative expected suipls. il ole, honeer, that the ct thatapro kis abestrespase O
an agess pridng strategy does not by itselfmean that the regulaior Gan induce Itusing
the assodated aoasss pricss since the inaumbatt must alko derive naHecalive expected
sumpbs fram the aaeess pridng strategy ar ebke the inaumbatwould not acopted itin
an equilibrium_ W e say et a pro E is incantive ampatibke at a price p p ifi)itis
a bestrespanse 1O an agssss pridng strategy Whose price Ggp aampanentis p and i) the
inaumbatderves nanHecalive expected supls..

T he sumpbes of eedh produceris de naed in the natural way.- T hat is, the suiplbs of
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each entrattis the Al revaLe in exaess of total acstinduding the enry acstF - ad the
agesss price taskrs. T he @ected) suiplus ofthe incumbeantis total evaLe (evaues
and aassss price recEpts) minus asts induding theaconmanacstt. - T he producers sumpbs
is the sum ofsurpbisss ofall praducers and otal velire is the aasumears surphs and the
producars suiplbs_ || ote, axae aprice G, p, is aoaptad, a subgame starts in whidh the
regulator can induce any pro E as g s itis a bestrespase atp - In that subgame,
thareie, the riequlator will actually implEmant the pro E that ganaraties the highest
welfxe anag all pro ks that are a besterespase atp- T his pro ke is callked supme-
gotimal atp -l ote thatgven aprice Gp, the welixe bel gaerated fram apro Eis not
aRscted by the ageess pricss usad 1O Induee it because they are anly trarskrs betinean
producers -

Fnally, anatrypro EisimpkEmentibke atp ifitis incative conmpatibke and subgame-
gotimalatp -T hegotimalpro Ethatthe regulatonai llimplEmentis the ae thatgernerates
the hidhestwelere anagall pro ks tratare impkEmeatibke @tsane p)-

3 - CanpEte | nfomatian ard the Histbest

T he key instrumeants that the regulaiorusss indue the gotimaletry pro Earethe
agEss prcss that transkier paycRs betnean the producess - [N the bend mark case that the
regulBEior dosenes the type ofFcandidates, she Gan induce any trarnsrs betineen producers
by using gpproprate aoess prass, as g as evary praducer hes noHegative supls. In
partaukar, tarskrs can be macke in sudh avay that every atrant hes zeyo surpbs ad
the incumbent regps the erttire producars suipbs. T harekae, an atay pro Eis incantive
ampatibke at a price & p ifad aly ifthe producars supls is naHecaiine atp- 1T
e reguBEIorcan cammitto an agsess prdng strategy, she wi ll compare the welixe b ek
fian all pro ks at the price Ggps atwhidh they are incentive aaompatiblke, and implEmeant
te ae thatgaraes the higestwelire .\l e eErto this pro Bas  rstlest impliatly
in assodation with the price Gp that ganeraiss the higestwelire).

I ote thatbwe have notaasidared subgeme-qptimalityinde ningthe stbest.\ hen
ammitment is not pcssibk as is the Gee in aur madel, therefare, the  rskbest is Not
neasssar ly impEmantibe because itmay notbe subgeme-gptimal at the assodated price
& W e show Eerthat this prdolem does notarise in the berndmark case: the  1stbest
is in Bctsubgame-gotimal and thereiore, the reguiatorwi ilimplEmantiit. First, we identifyy
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the rstbest

T he reltive perfomance ofatay pro ks hance, the  1stbest) varies dgpendingan
the parameteralbe ofcadF -6 ivena astan guratian™"GF )INn (;1))ER . wesay
thatan entry pro EA dominates another pro E ACatp, ifthe welae fion A exaescs
the welfre fian A Patthe price p p - T he next results idartify several enry pro ks that
are alnays daminated -

Lemma3l - ¢ henay astan guratian (GF ) and price Gp p,
O TG ;) rY dominates TG X rY atp;
@D TG ;X rY danirates TG;0xrY atp;
@i 1@ 2 G; 2 daminates FG; 5% 1Y atp ifrlis not G; 5)-

Sketth proofz 0 bvasly @; ;) grarates a lErger producers suphs then @G b)
because the sacod periad entry binaurs the entry acstF - withaut lonering ast of pro-
ductian . Since the aasumers supbus dgpends anly an the price ep (hotthe pro E), part
O lbns -4 nalogoss agumatts esteblish parts () ad @ii)- Q ED -

A nentry pro Eis not rstbest Torany (GF ) ifitis alhays doninated by another
pro k. L anmal shons the pro ks that may surv\e this doninaence test are the our
pro ks ofthe orm T(G; ;) r'Y ad the rull pro E 1G; ) G; 2y, Whidh we denote as:

A" =G G
Al =F@ G
A? =@ X G:Op
A =T@ @D
INES (39 L(s1e)

Byl emmal weneedonly aasiderthese e pro ks ad ittums autthat the ranking
ofeechpro kis determined by its aasumers sup s since the qotimal solutianwi llprovde
Zzexo pro t o entrants and zaro expected pro tto the incumbent. T hatis, eech pro
is impkEmated mast exdently with the bestprice g atwhidh the pro Eis incative
ampatible, because the producers suiplus fran any higer price ap would be mare then
aRxet by the reductian in asumers surpls due to a deednadgt Ioss™. So, the gptimal
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price s Torpro BEA!, danoted by ', is the smallsstsoltian 1o the Olloning equatias:

Al ep i2P@)=L

AU @R il P@)=F2+ L
AZ: QR §12D@)=F +L ¢1)
AT: QP8 i D ED=F +

At QP iG2D@E)=3F =2+

In eech Gse the Eft had side of the equatian is the expected aggrecate saks pro t
and the right hand sice is the camman acst pls expected ery ast. T he el of p'
depencs an the parameteralles, F - and passibly ¢, exaptforA’ where P is indegpendant
ofboth cadF .

Sincealbnerprice g mears higrerasumears surpls, e  Istbestforagven GF )
is the entry pro EA' whose gotimal price p' is the lonestamang all e Viabe pro Es.
Figae ! illstrates tpical regas ofastan guratias GF ) inwhich the Turpro ks
with passibe etry @! > A4 are stbest. IfF > F “=2D @ ) then the rull pro E,
Al is 1stbestrallc.V e cation of Figure ! is rather gty and is proviced in the
A ppendix-T he inturian Tor the structure of Figure | is relatinely dear. In alll four esss
tegood m gis ahays made o anterifitamives st Clardy, ifthe riegulatordoess not
wishtegood m aterifitarmes stthen the iegulBEiormustnotbvnwantany entry @
indesd acaursiff > F DWW hareatry asts are high and thereisasign antdi®rencein
guality betneen thegood and bad m the gotimal strateyy is 1o allovwnothing otherthen
atybythegood m inthe rstpaiad. Ifthegood m doss notamive uitil \ter then
the asts ofFary make itinetdattorit o etersince thare is anly ae period ofbae t
fion teatty ofttregoad 24 s the >a&d atry asst &k then itbecomes sasibe ©
allbwmare atry. | Fthe producion astofttebad M isdose o thegood  m then the
gotimal strategy is to make the  1Ist I ater whether good arbad . Canversely, ifthe
production astofthebad M, ¢, is doser o the inmmbattthen thegood M then the
gotimal straley is o make the goad M alerwhetteritamives  istorsscod ad ©
prevaittebad m inallsituatias - Finally, ifthe asts ofetry are bwvthen itbecomes
sasibk oo atry ofetter m inthe rstpaiad and ofoe atry ofthegood
ifitames Bier.



T he purpcse of this sectian is 1o autline the Gse Whare the regulatior hes compete
inbrmatian. She waud impkEmatt the  stbest ifitis subgame-gotimal but this is not
guarantssd: ae the incumbattacogpts the qotimal price Gep Torthe  skbestpro Ead
ld< himselfin, the regulator may induce another pro ke that genarates a higher welere
butinaus a Ioss 1 the inmumbant. In this Gse, the inmcumbentwould antiapate this ad
rgject the price p ad the rstbest pro E would notbe impEmatibe. It tums aut
that this prdblem does notarise in the caamplete informatian regme: since any pro Ecn
be induced in sudh awvway that the inaumbent regps the Whole producars surpls, apro E
that daninates the  1skbestin the subgame would be incative aaompatibke at the same
price fram the begnning and hence, would be prefened by the requlaior (G2 Sectian ' 2
in e} ppadx fordeta b)-T harefore, the  1Istbestwill be indesed implmated by the
regubior

T heoram 1 : ITthe regulator dosenes the tpes ofetrants, she wWill impkEment the
~1stbestpro E foreach GF ) atthe minimum price Gp thatsatis es inaative compati-
bi ity

P yroof- Seeh ppaxdx, in particular, Sectianh 2.

4 _ IncompEte |nfomatian -

W e now arsider the ceee whete the regulator is urebke o identify whidh ' hes
amvad in eedh periad and so arnotmake the aaasss pridng ruke afuncion ofthe tpe of
entry.- I'tcan, of aourse, be a function ofatry whidh is dosenebe by the requlator. | The
regulator cauld still impeEmattall e ofthe viebE pro ks as aasidarad in the pravias
sction the gotimal aoaess pridng and its welare implication wauld remain the same.
A Ithaugh thare are sane pro s that can be impkEmattad in the same way, the insbi ity
1O dosere the tpes ofatrants ganerally rsstricts the riegulaEor's Gpaaty toantrol enry
using aaxsss pridng-T his implies thatsame entry pro ks are impkEmattied kss exdantly
because producars suiplls camnot be extracted TUlly Whi ke same otther pro s annotbe
implkEmatied atall because the nghtinaantives carnotbe provided -

T he amplication Tor the regultor is that ether of the o 1Ist candidates, axae
etered, W ll = the same revaues and aassss pricss.- T hare are A0 aOsaquUanGss:

@0 reis thatifthe riegulEtoNnishes b acocommaodate bin the  1Istperiad and sets aoess
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pricss acaadingly, then g must alo be acocommaodated in the ssme way ifitanives 1St
even thouch gwill enter-ata higneraassss price- In these Geses, the g atrant necsssarily
enjoys apaitive pro t, i e, \ infamatianal rent ', whidh arises because of the inaampkete
infbrmatian. T his implies that sudch pro ks canot disply zero expected surpls Torg.
P 1o ks sudh as A3 are novErmare epeasive toimpkematt

©) ITthe rguEI Wishes 1O encourage g 1o enter in the sscod peariad then it annot
stp bfran abo attering (N the sacod periad) ae g hes atterad.- T his Tollons fram
the amplete i llber sssumptian: althaugh bs entry does nothing 1 reduce productian
asts, bs production asts an enry Wi ll immediately &l 1 zaexo since g is alreedy in the
market. T his mears that the pro EA? is no loger impkEmantibke.. Either A4 mustbe
replbeced with the edsting pro ks Gudn as A? arA ) aran allermatinve pro ke

A =TGbxGay

whidh recogises that r° = @ g) implies r = (@;D). Itis straigtiomard o \arify that
amag the pro ks thatalhays daminated under aampete informatian as perl enmas3 !,
A% is the only thataeeses 1o be so uderincompete informatian ecause A4 is no lkonger
implbEmeantibke and hag, is eiminated fion aasideratian)-

I'tis dnvias thatthe rullpro EA! aan beimpkmentad in the ™ rsibestway without
doserving the " IMms™ type. T he same is e Or the pro ks A! and A? - since ety by
b neaed be discouraged, the desired atries can be implEmanted via selfselectian withaut
inauning infrmatianal rent. So, the velare el in e  1Istbest regas for these three
pro ks is unaRected by the insbi ity to doserve the entrants type-6 iven thatthepro E
A3 is mare astly © impkEment and A4 cannot be implEmented then this provides the
iNntition forthe olloning resulc

L emma4 1 - U nderincompkete informatian, the regulatorwi llimpematA” ;A ad
A? inthe 1stbestway in the regas in whidh they are ™ istbest. In additian, A! and A?
are qotimal pro ks oimpkemattforsane GF )autside thar iskbestregas.-

T he Istbestcanotbe adhieved Toraon guratias GF )TormhidnA® arA? is™ sk
bestt the @timalpro E timplkmeattis the ae thatgaarates the higestwelre subject
1O incaiive aampatibi ity and subgame-gotimality under inaampkete informatian.- Figure
2 illLstratss a typical pattemn of the gotimal entry pro ks underinaompkete infomatian -

11



T he brden nss indicate the regas fran Figure ! - In the igitofl enma4 1 , o justify
Figure 2 we need to examine the qptimal pro ks orforan guratias GF )Torwhidh A3
arA% is” rstbest, reernred toss the \ inetdantarea”

A3 isimpEmertibke butataprice cp eboe the gptimal ae, p° , due infomatiaal
A4 is no logerimpkmentibke atall and A° need be aorsicered insteed -

FarA® = G ;)@ i, the maximum pcssibke trarskr flam eedh entrant © the
inambat (es agEss price paymatts oerthe twopaeriak)is@@ icP Q)i F , te mavLe
ofbin exss ofF , whare p is the eRective price G - T hen, the inaumbents incantnve
arstartis

QO i PO F +L @)

whidh doviasly implies that the price gp mustbe higerten3c4 . Rezall fran ¢ 1)
thatW 3 @) adtiees its unaastranad maxdimum atp = G2 and deareeses maotnically
Torp> G2 . So, the gotimal price Gp that maximizes W 3 subject @ 1) is the bnsst
ae thatsatis es @ 1), whidh we danote by p..-

FarA® = g by (G, the maximum passible trarserfram the seaond periad etrant
inetherantingacyispD @)3 i F -T hemaxdimum passible ttarser from e 1stperiad
entrantin athercaatingeeyis @@ i P Q)2+ pPD Q)3 i F ,ad geanrs apaitive @t
ifaters in the 1stperiad .- So, the inaumbents incantive caastrantis

QO i PO . F +L @2

and, as before, the gotimal price Gp thatmaxamizes W 5 subjectto @ 2)is the bnsstae
thatsatis es @ 2), whidh we denote by p2.-

Becase A2 and A® perfom warse then the ™ Istbestin the inexdent area, we nexd
0 aasider other pro ks as well 1o dcetermine the gotimal ae. Pro ks AY AL and A2
may notbe implEmentible at thair gotimal price p p' in this area, because AT may not
be subgame-qptimal atp' . Foreadh (GF ), the range of price s Torwhidh the pro ks
are subgame-gqotimal are aloulted In the sane way as In Secian A 2 of the A pperndix
(ecaee itis determined by the total suipls, Not by its distributian, fram the pro ks
impEmentibk in the subgame) exapt thatwe novampare A! > A3 and A®:-4 tGF ),
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the subgame-gptimal pro Efxrp is

8 ) ]

A ifFp_DUED

Al ifc_;adD¥"G).p.D#€dac-;adD? G P D G
A’ ifc_;adD¥ €D _P.D"ED

SA% ifc-LadDiGh) . p_DHE)D

TA% ifc_jzadDiED . p,ac-;adDED.P

¢3)

To nd the gotimal pro E in the inetdent area, we need 1O aasider subgame-

otimality @ 3) simultaneasly with incantive aompatibility: @ L) TrA3, @ 2)orA°,

and G 1TrA" »>A? with the equality rieplbced with _, whidiwe danoted by @ L - Far
gven GF ), eechpro EA' is in ae of three kinds of statLs:

® .Thegotimalpricecp @ ,p , P, parp) exaascs the upperbaund of the subgame-
aptimal range ofprice cps TrA ' as sped edin @ 3),sothatA ' is notimpkmentible .

~ _T he gptmal price &sp belongs 1 the subgeme-gotimal range ofprice Gps TrA', so
thatA' is gotimally impEmentibke atthe gptimal price Gp -

° _T he gotimal price & is belbow tre Ioner baund of the subgame-gotimal range of
price s r AT, sothatA is sb-gptimally impkmentiibke atthe berbaund ofthe
range P

I anvwe are reedy 1o determine the gotimal pro E in the inetdatt area: for eech
GF ) we ndthepro ks thataeimpEnatibe (otimally arsub-gotimally)and compare
the velfxe bek flon them .4 coading © @ 3),A? is eigbke Toran gotimal pro Eally
ifc _ 5 andA® iseligbke aly ifc - 1 _D ue o the paiitive rentof the g entriantt;, A3 is
dominated by A? atthe aiticalvalec=13 _So,weaasiderA® aly forc< .

Hirst, we eamire the inetdattarea torc _ 12 - Itisessily\veri ed flan ¢ 3)ad
Lemmai | et A! and A! perform worse then A? in this area. So, we anly need ©©
ampareA? andA® _.Todothiswe X c _ 5 and divice the harizatal ssgnentd - F -
Fo,©acadingtotestatts @, ar® )ofA? andA°® .

\ ofe that, being” 1IstbestatF =F ,, ©, bothA? and A* are subgame-qotimal atthe
gptimal price ep ? = p* =D ¥ (49D, the second equality ofwhich llons fram ¢ 5).

@) For thisto be the cas the inertive corgrairt Hr A" abo reel be stiSel at the bwer bour -
(R ecalthat the LHS ofthe inertive corgrairt may evertua By d ecreae ) T hisconi itonisstisel Br
ab qLert aralgsasisveri el , B examp B, inthe proofoflLemmad 2
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T his price p is in the interiar of the price P range Trvwhidn A? is subgame-gotimal
underincompkete infamatian as devived in @ 3), remely, [D i E22)D 1 ¢ ,, O} s
F Bl fianf ,, © 0, the baerbound D i (& )inaresses butp? dearesses. T herefore,
A2 saitdhesitsstats fiam ™~ @timallyimpEmentibE)to° Gub-cptimallyimpEmentbE)
atF , where

0 -Fn-Fu@© ad DEE=FE D

T he range of price Gps Tor whidh A® is subgame-qptimal is 0 - p - Dilqiic)_
B ecause incantive aompatibi ity is harder to satisfy orA° then ™rA4, we hae p.> p'.-
LB =F ,,@inpartiailr, p> ot =7 > D i ) ad sop® is notimpkmentible
Gats®).A sF Bl fionF,, © 10 , p,deaessss and, therefre, A° beaomes gotimally
impenatibkatF =F- adstayssofxF < F- were

0 -F- -F© ad D'l(1 C) PAGF D

Lemmad2:z 0< F-<Fp< F,©Ofrs -c< 1.

P roof: Toshonf - < F p, wetae 4@ 5 arefrence pdnt.ll ofe that
_ C Fo.(C
D+ D= P > FEED

Inadditian, sinceA 2 isincarttive aompatible atthe pricecep D 1 A )whenf =F,,©,
soitis atthe same price G whenF |sb/\er|npa’ncuh’V\lmF =F24© Y ene, A2
is sub-ptimally impkmentibk atf = 724© ad, therefre, 4@ < £ s|mep2(c;F >>
Dit G Ofrallf h< F < F @, wewoud haeproedf - < F prodded thatp> ps
Brall " @< < F,,©. eshovthat this prodsian indeed hoks.
Pid any F O strictly betneen P49 ad F,,©- IFRAGF O . P GF 2, ©) then
PAGF D> PP GF Dis tivial becaseF < F ,, ©)- SO, suppcse BAGF V< P GF 2, ©)-
Sine PP GF ., D= GF .,y ©)ad thel H S of @ 1 )is quesiaancae, we hae

QPACF (bl C)D CCF V< QFrGF ... OMi- C)D@Z(C;F OB F24 O+l @4
Subtracting @ 2) evalated atpCF 9 fran @ 4)sice by side, we get
1ZCD@5n(C;F M< 2F24(C)i2FO - Fu©ifF° é5)
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where the seaond inecpality holds because 724 < F 0.0 n the otherhend, becase c
COGF Vi E)DGJZ(C:F M . eGCF Vi C)D CCF D
= QUGCF Vi C)D CCF Vi dD@Z(C;F »

> 2F %+ | iF24(C)+FO> FO+L
where the st o inecualities can be veri ed, respectively, fian @ 2)and @ 5)and fiom
2F O> F,, ©.T his mears thatinceriive compatibi ity Borp? (the third equation of G 1)
with the ecuality repleced by ) is satis ed as astrictineguality akpGF 9. Sine P is
the smalkstsolution, we aondude pGF 9> PP GF 9asdesired. Q ED .

I\.)l"

FoarF-< F -F,,©A? is dnvasly gotimal because A° is notimpkEmentibe. Far
F - F-~,A% is novimplmetibke at p2;A? is abko impkEmeattibk but at the price p
D it (%o)- SineeA? and A® are equivalnt ss sbgeme-gotimal pro ks atD ¥ ), it
Hllons thatA° ganerates higherwelre atits gotimal price Gp pP.,and henae, is gotimal.
So, the baundary betneen the gotimal regias Tor A2 ad AS is figF-) 5 - c< 1g.
A s cinaessss, PACF ) risss whik D i q%:)ﬁllsa’dhence,P fBlk./\ scted o,
D (Z ) tencs ©) and hence, F - tencs 1 T his justi s the partition structure of
Figwe?2 torc_ 5

T he partition structure orc< 3§ can be justi ed by an analogous analysis and we
sketth ithere_ A s befae, we X c< 15 and dvicde te harizaal ssgneitl -F - F30©
acoding o thestatis of Al A3 and A® @' paerforms wose then Al in this area).

A tF =F 3@, the gotimal price Gp P adnddes with the bwerbound of the price
cps Torvhidn Al is subgame-gotimal.. T herefare, A is gptimally impkEmentibke atF =
F O, buttxf < F,;©itis sub-gotimally impkmeantibke atthe price gp D ! (MFT))_

P15 EA3 is notimpkmentibk ©rf =F ,©.4 sF ik itswitdhes the statLs ©
being gotimally impkEmentibke, atF, where the gptimal price cp p° adnddes with the
upper baund ofthe price cp range orvwhidh A3 is subgame-gptimal:

0 -Fh-F:© ad D-l(m )) PACF )

A sk ik still further; A® switdes the status agein to being sub-aotimally implEmentible,
F~ where the qotimal price gp aanddes with the lonerbaund ofthe range:

) -7 -Frnoad D ED=pier
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A sTrA®,asF bk flan F ;3 ©), itswitdhes the statLs firam being notimpkematibe
tbaing gotimally impkmentiblke, atF,, where the qotimal price Gp p,adnddes with the
upper baund of price cgps Torwhidn A® is subgame-gotimal:

- 2F
) -Fim -Fa© ad D =)
T he olloning relatiaship canbe veri ed:

I<F"<Fn<Fr<F3© T (< cC-

N =

Fofh< F -F 3 A! isdvasly gptimal becase A® and A® are notimplEmen-
tibke. Forfm < F - Fh, Al and A% are impkmentibke at price cgps D ! (MFT))amI
P, respectively, butA® is not. Sinke Al and A® gererate the same kel of welEre a5
subgame-gotimal pro ks at these price gps ad p2, - D i (MFT)), it Ollons thatA® is
the unice gotimal pro EexaptatF =Fwhaerebath A! and A3 are gptimal pro ks at
the same price p pL,=D ! (2qu¢))'

Forf - Fmn,allthree pro ks areimpbmnentibke: A atD i! (MFT));AS atpL;AS at
D# E)Diff -Fadatpl> D E)iff-< F - Fy-Itisintitive thatA3 performs
better then A' . Since both A® and A® are subgeme-gptimal at the price csp D i (&),
thevelre el fram A atpl,exescs that of A® atD i &), whidh in tum exaescs that
ofAS® atplfxF-< F -Fm-Thaebe, A® is gotimal orF - Fp, -

Fan the abowe, the baundary betnean the qptimal regas TrA! and A2 isTGF ) -
0 < c< $g,and thebaundary betnenA® andA® isT(GFm) 0 < c< 5g.A scdeaessss,
pCF YBIbwhikD i (MFT))ﬁsesardhsnce,F‘h rises and aonvergss 102D @ )as ctancs
0 . Itisintitive thakF,, inaeesss in c: A2 beaomes kss attractive then A® ora brger
c (because cis eRective Tor longerin A ), whidh nesd be cancelied aBby aheavierdamace
DAS fiam higherf -

Fnally, F - =F, atCZL2 is straigtiorvard firan the de nitias ofF ~- andFp, -T his
ampktss e cation of Figure 2

T he Blloning llons immediately fian Figure 2 -

T heorem 2 - T he setofastan guratias(GF ) thatsupportthe passibi ity ofboth
arants janing the marketwhen the regulatorhes incomp ete informatian, A ° , is apraper
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subsetofthe setofasstan guratias thatsupportthe passibi ity ofboth etrants janing
the marketwhen the regulator hes aaompkete informatian, A%

T his is the saee in whidh we sugsst that the inebility to idatify good and bad
potatial ettrants will encourace a regulaior 1o be Ess supportive of potattial ety

0 N the regulaor hes incompEte informatian then the incentives become aomplex.
H ere we presatinturtive argumants Tor tho of these.- 0 ne thatbetter solutias exdstbut
they are ime inaosistet®? Seaond, thatthe good ™ m wi ll often have incantives O rEise
tharasst, i e, beaome a kss good aampetitor. W ewill cioerthese in twim.

P rpcsitian ! : Forsane an guratias GF ) thare edsts an atay pro ke tat
etibits higrerweliare than the qotimal ane, butis nottime aasistat, i e, notsubgane-
gotimal.

T heintuition ©orthis resultis as Olloas A s™ 1Istbestpro EsA? and A2 areecuivalait
at the baundary betnean the conespading regas.- W ith incomplete infomatian the
welfre vale of A2 is uneRscted Gince b doss not gppear)- H onever;, in the presence of
incompkete infomatian there is apasitive i|etenjoyed by he good I and sowel&reis
bnerin A® aompared 10 the aampkete infomatian riegme. 1t ollons that there must be
an ebryotdip at the baundary betneen the gotimal regas TorA? and A2 when there
is incompkete infomatian. Forvalles of ¢ loner then but o™ 01 2, pro EA? will
cgererate a higer el of veliare then pro E A _ H onever;, A? cannot be implemented
Tor such avale of c because it is not subgame-qptimal: T hat is, whatever the el of
the price &, ok itis setthe regulaior ok A° a better pro E 1 induce then A?.
ImpEmatting A? rather then A3 at this price g wauld gareraie an insts=dant retum
1O the inmmbait. R ealising this, the incumbant will anly acogpt price Ggps that are
sut=dently high 1o generate encudh retum 1o the inaumbentwhen A2 is induced.

P rpositian 2 - Forsanean guratias GF )thegood m hes anincanive o raise
its productian aost, | e, tobeaome a kss goad (butsti llbetferthan the other) competitor

T he inturian for this resulit ollons fran the disaussion of P rKpasitian 1 - T he good
“1m earms an infomation riertin A2 thatitdoss noteam in A2 _A tthe baderofA? ad

® The eRect here isakinto the corvertioralinomp Bte cortractsprob Bm, e g, 6 rout (1984), Hart
(1995) ard Hart ari Holngrom (1987).
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A3 the good 1M hes adisaete bane tfian baingin A3 rathertten A? - T he baundary
betnen these 0 regas is determined by ¢, the relative pasitian of the production aost
oftrebad m Othoce ofthegood M ad the inambent. T he pro tofthegood
inaessss as thebad M improwes its pasition relEtive tothegood M A tthe baundary
of A® and A? the good ~ 1 can dnance the reltive pasition of itself compared 1 the
bad rm by rasing its onn praduction ast. T hus the good i hes gpparaently perverse
incantives vwhen the regulaior hes inaomplete infomation.- A nalogaus incatives exdst at
the baundary betneen A® and A2, and betneen A2 and A

18



R eerana=s

Baumal, W J_adJt _Sidek (994) T he P riang of Inputs Sod t Canpetitars, Y ake
Jaumal of R egultion, Vollmel!l -

DeFga t -(997), Prdng ad etry in regulaied industries: T he roke of regubatory
design”, Jaumal of P ublic Econamics

DekFmgat -(999), R egulatian and aazess pridng with asymmetric informatian”, Euro-
peen EconamicR edew.

Eaconamides, | - (996) T he Econamics ofl etnorks, Inermatianal Jourmal of Industrial
0 rgenisatian, Volume 2 -

6 raut, P4 -(C984), Tnvestment and wagss in the absence ofFbinding catracts- A || ash
barcaning gppraadh”, Econametria

6 raut, P A _(996),P ranoting the Superhigway: T elbconmunicatias R egulatian in Eu-
rgpe”, Econamic P olicy, Volume 22 _

Hart, 0 D -(995)Fims Catrack and Finandal Structure Q xdord U niversity P ress).

Hart,0 D _andB _H dmstram (987) T he theay ofcaatracts™IinT F_Benky @) A d-
vanass in Eaonamic T heary (Cambridge U niversity P ress).

L aRot,J J .andJ T iroke (994), "} azess P ndng and Canpetitian'*, Eurgpean Econamic
Revewn, 38 -

L aRot,J J _andJ T iroke (996), " Creating Canpetitian thrauch [ ntercaonectian:- T heary
and P racticg *, Jaumal of R egulatory Econamics -

19



A pperdix

6 ivenapro BEAY, Eté and & be, respectively, the mesn production asstper unit
a’dﬂeeqoedajmnberofemy_Fa’eanpb,erzazg adé =c4ad& =15.

T hen, the epected lvel ofwelErell ;@) from A ataprice cp p Ghidh is binding)is:
Zl

Wi@)'Zp D@EXxb+ 20D@i28D @i &fF il A1)

where the st tam is aasumers suipls oer the tho pariocds ad the resst calubaies
producars surplhs: the total industry revae oer the to periads, 2pD @), minus the
otal epedied iIndustry expase thataasists ofexpected industry praducian ast2éD (),
ejpected entry ast&f , and the netnorkk cperatian acstl -

Fran te st deative W QP) = 2@ i & @), it Dllons that the welfre fran
A" maotmically dearessss inp rp > & . Sinae incentive caompatibiity implies p > &
Cthawise the industry revanue doss notcovertotal production acst, kEtalne the qoeratian
axstl ad the entry asb), the qotimal price Gp subject o incantive aaompatibi ity is the
bnsstae thatsatis es it

Since eech pro E éan be induasd with zero surpLs Torall producsss in the acaompEete
infbrmation regme, the  1Istbestpro kis the aewith the smalksstptimal price G, i &,
the smallesst solution 1o the conespadingequatian in @ 1)-InSectiand 1 we denve the
~1Istbestpro ks ad justify Figure !l - InSectiant 2 we shovthat the iskbestpro ks
are subgpme-qptimal at thar gotimal pricss, therdoy prosang T heoram |

In prindple, the Efthand side ( H S) of @ 1 ) may attain mulipk lbcal maxdama @&
TUnctias ofp), in whidh Gaee the analysis is aumbearsame: the gotimal price p foreadh
pro kEcanotbe idai ed as asoltion 1o the conespading ecuatian atwvwhidh thel H S
is inaessing, because thare may be mare than ae sudh solutias.- In this A ppaxdixwe
draumentthis anmplicatian by foasingan demand onctias D sudhthatthel H S ofthe
ecuatiasin @ 1) are quesiancae® ss Tinctias ofp - T hen, they are e thersinglepesked
(asiblywith ap Eieau) ormanoctnically nan-dearessingand, therefore, asolution toeedh
ecuatian atwvwhidh thel H S is inaessing (mare predsely, atimmediate Eftofnhidh the st
demative oftrel H S is strictly paative) mustbe the gotimal price Gp - T his aandiian is
satis ed by \variaus (@amand) nctias sudh as D @)= a+ bp adD @)= a+ ei® _In

©® A fntionf isquastorave fthe wpper cortour st & - F(X) _ rgiscorvexBreveryr 2R .
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additian, we note here thatt the main results of this pgper Gudh as T heorams 2 >> 4) hod
Tora ke dess of demand fTuncians that do not meet this aonditian, alithaugh Figure |

may Not be an exact desaiptian of the partition ofthe  1Istbest regas Gee Secian A 3
o deta B)- Finally, we assume that the  ist equatian of @ 1) hes a solution: othernise
sane pro ks are notimpkementibke forany GF )ad as a result, nogtimal pro Eedsts
Torsame GF )-

A 1 _ Derivation of rstEst

W edereasaries ofFEnmas thatjustify Figue! asthe rstbestregas.-T hegotimal
price cgps P ad ¥ are ndias off ad pP ad p* are tndias ofcadF - W hen
w\e need 1o emphesize sudh dependance, we sped callywhite as P € X7 € )P GF Dad
p* GF ), armore garerally, p' GF )-T hese price Gps may notexist forhigher levek ofF -
W heneverappliceble, subsequertstatemeants nesd be understood with the el cation\ i F
sudh price Ggps edst:”

Fori;j =0 ;&4 , we say thatp' underauts p! atagven GF )ifthe Hlloaing holos:
ifp! edsts, sodoss p' and p' < p! -6 iveng EtF j; ©be theale off  such thatp' = p!
at GF i ©)- T he next Bnma shons inter aia thak F ; ©) is unigue if edsts, exapt
orF 23(12)V\Hd1 isshoanninl enmai 2 ©be awyF atwhidh p? ¢ ) exdsts, because
PED=pPGF -

LemmaA 1 :- Casideri< jsudhthathi;jg & 12;3g9. 1TF j ©edsts loragwven
o), ten
@ p' edsts ad undarauts p' atall GF DwithF < F;©, ad
©) p' udarauts p! atall GF DwithF > F ; ©-

P roof: By suppasitian, p' GF i; ©D= P GF ij ©)Which we denote by p Toraonve-
niencz_A Bo, p solves twoequatias of G 1 )):

QP i28D @) =& ;O L @2)

ork=i;j,wered _ & adé < & _Takngthe d®rencss betnean these tho equatias
Caled aLp)side by side, we gt

2GigPO=6Gid4);O @3
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ThelH S of@ 2)hes anegatinvevalbeatp =0 and inassesss a6 p inaeesss at ksstup
WOPRGF i ©)-Faf < F;; ©, therefare, both p' (GF )and pl GF )exdistand are smalker
thenp.ll aeower, P GF )< p'GF )if

RFGF i 2P EGF D> &F +1 @4

W e novproe part @by \erifing € 4.l e tetid @ i8Y < @& i8Y O,
adiD@ i P ECF D . @ i §P @ becasep> p'GF dad D(@is dearessing.
In anjucianwith @ 3), we et

20'GF PE'GF P+ 2@ igPOGF D> pCF POCF D+ G i8>

flan whidhwe darive ¢ 4)becase QP'GF )i 28D @' GF D=aF + L .

FarF > F 5 (©, an analogous algumait\eri es part ©), thatis, ifp! GF )exdsts, so
does p'GF Dadp'GF )< PPGF)-  Q ED .

L emmah 2: p? udarauts pP atall GF Dwithc> 5 ;7€ )=p* G 5F DorallF ;
p° uderauts ¥ atall GF Dwithc< L _

P roof: T he seaod assertion is immediate because the ecpatias or A2 and A3
areidaticalifc= 5 . The rst@&EDasartinis essily veri ed becase el H S of the
ecuation TorA? in @ 1 )exeacs (Blk shortof) that TorA® whi ke the rigithand sides are
the same. Q ED .

Byl enmat 2,wenesd oamparep »p? adp' frc_ 3 adp,p,p adp
frc - 5 _W edothis orthe case thatF o1 ,F 12, F 13,F 24 adF 34 existorall ebentc.
T his Gaee generaiss the prototype partition structure of e 1Istbest iegas.- In Sectian
A 3 wedisasss passibe variatias in the partitian when same of  j; above do notexst.

Lemmahr 3: @F ;1 ©O=2D@ Dorallc2[l;l ]

O Ifc_ L, tenl - F©O< F12©O< Fyi 3F24@©is aatinuoss and dearessss in c;

Fio@©isaaastat

© Ifc - lz,meno - F320©< F13© - Fq13F 33 @©is aatinuaus ad inareeses in C;

F13@©is aatinuous and deareesss in C.

Proof: @The gtimalpricecp P TrAl isaacastant. Since P abo sohes the
second equatian of @ 1) at GF 11 ©), part @ Dlbons essily.
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®)L etp be the camman solution © the seaod and third equatias of @ 1 )atF 12 ©)-
Il ultiply the fomerequatian by 2 and subtract the ttersice by side o \erify thatp is a
soltiaNn®Epil 5P @)=L -InfEct pis thesmalkstsolution o this equatian: othernise
P waul not be the smallsst solutias to the seood and third eguatias of @ 1), either.
0 bviasly, p is independentofc, and p< 7 Ollons from Qp i 2D @< @p i ! 5D Q)-

N o, by tBkiing di®rencess betinean the ssood and third equatias of @ 1), note
F1o@©=D@®)-S0o,F 1, ©is acastait. Furthbermare, F 12 < Fy; - thenalbeofthel H S
of the secod equatian of @ L) akp isF 1,=2 + | whidhis loaerthen thatatp , nemely
Foi=2+ L ,becasep< P axdthel H S isinaessingup op -

By an analogas argumatt, F ;. ©= ( i D @)wheare p is the smalkstsolitian 1o
Cpt+tcil5 P @)=L -So,p< P-Thatf , ©is aattinuas is tmal. T hatitdeaesses in
C Gan be shoan by calaubLs, butan intuition sue-ass: A4 becomes ks attractive then A2
fora lger ¢, whidh nead be aompearsated by lonerF soas tomake A4 stay s attractive
a8 A? _Firally,F 2, ©< Fi2:- thevaleofthel H S ofthe third equatian of @ L ) atp is
For ©O+ L vhidhis onerthen thetatp, nemelyF o + L ,becausep< padtelHS is
inaessing Up O P-

OT hepraofiorpart (©axsists ofessantially the same @batsigitly maeinohed)
agumeants as thase used 1 proe part ), whidh we anithere. Q ED .

W e use these Emmas o \axify Figure ! _Forc _ 5, we aampare A’ ;AT ;A2 and A% .
Aanl enmast | adi 3 and transitivity oR\ underautting * relatiaship, we deduce that
the 1stbestpro ks are: A Wh p* GF DTrF - Fou ©: A2 wth P € )T F 2, ©) -
F -Fo; At wthp € )TxrFin, -F - Fy; - Il areoer, the baundary betneen A4 ad
A?, the grgph ofF 4 ©), is adonnnard skping aune janing aon gursian pants @ ;1 )ad
€ 24 G X ) thebaundary betneen A2 andA! is thevertical ireatf =F ;, thebandary
betnen Al and A’ is the vertical ireatF =F, . The I1stbestpro ks orc - 5 ae
analogously deduced and they aaom © Figare ! T he skbest regas ftorc _ 12 ad
c - } are jdnedwithautslip Ge,F 24 G)=F sa ¢ DadF , =F 3G PbecaseA? adA®
are eguivalntwith the same gotimal price Gep atc= 5 -

A 2. Firstlestpro ks are impkeEmentibe

SineeD @)is hiderfora bnerp, we reeson fran ¢ 1) thatthe lonerthe price cp,
e maeimpatantd; is relatve 1 & inimproang theweliare, and vice \versa- T hatis, as
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p inaressss the subgeme-qptimal pro E switdhes fran the aes with ové sudhas A%, O
the aes with bwva such as AY _By aamparingVW | >»>W 4, forvarias p, we \exify that
the rangss ofprice Ggps P Torwhidh eedh pro  E is subgame-gptimal are as ollons:

A €GF ), the subgame-ptimal pro ETorp is

8A0 ifp_D"E)

Al ifc_j;adD GO p.D#¢doac-;adD? G P.DV G5
A? ifc_;adD¥ ). p.D" D

ZA3 ifc-5adDi G p_DEED

“A* ifc_;adDV D p,ac-;adD G p

=NIE NN

@3
Itis staditiorvnad o \erify fion ¢ 5) that oreadh GF ) the 1stbestpro Eis
indesd subgeme-gptimal atthe gotimal price..WW eshonvthis TorA 2 here. Exactly analogoLs
agumaits wak forotherpro Es.
Casider GF ) orwhidh A? is “istbest, tatis,c _ 5 adF,,© -F - F,©-
T hen,
PGF2E) - PFGF) - FGFi2X @5)

Sinep’ GF 12)s0hes thessoondand third equatias of @ 1 )at GF 12, wehaveD @ GF 12 D=1
Fiz adsopP GF 12)=D ¥ €12)< D € )-Similary, ¥ GF 22 ©) 0hes the third ad
“fih eqatias of @ 1 Y at GF 24 ©), From whidh vie deduce P GF 20 ©)=D ¥ (452>
D i ¢E). In anjudtian with € 6), ? GF Dis in the range sped ed in ¢ 5) Brwhich
A? is subgame-gotimal.
A 3. Varatias of te parttian structure

W ejusti ed the rstbestpartitian in Figure ! for the ceee that all relbevatr ; ©
edst. In this cese, the grgph of F 5 © Tams the baundary betneen AT and AJ _ IFthis is
not the Gese, the parition structiure is alltered but the main features are retained -

CasiderF 4 © for eamnpk. F 54, © necsssanily exists or sutbdattly hihc< |,
anvargng oF 4, ()= . Forlonerc, honeer; itmay heppen thatp* GF )exists predsely
vwhenF is notto e, ssyF - G4 ©), axd whenaeweritedsts itudarauts P GF ), in
which cese F 24 ©) does notexdst. Suppase this is the e Torc< ewhere €> L _Then,

™ The pro Bsshow nto be domiratel iNnLemma 31 are ab® domiratel iNthe sSbcame afer P is
accepted ardi =, reed rot he corsl ered -
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the baundary of A* starts fran the an guration pant ( ;0 ) doarnvard alongF 24 @ urntil
c = ¢; then it aotinues alog the gregph of G 4 (© Whidh is albo donnvward skoping urtil
itmeets the ggph of F 34 ©); at this pantittums araund and antinues alogF 3, ©
the pdnt € 30 ). T he area O the rightof this baudary ad O e Eftoff 1, andF 13 ©),
is divided betineen A% and A3 with abaderalongc= 5 - Farsane GF )in this area
sie=dently dose 1 G4 ©), the gotimal price p ¥ or pP° may be below the subgame-
aptimal range sped ed in ¢ 5), in whidh case A? arA® need be implEmented ata price
Gp abowe the gotimal ae, ganerating a pasitive producers surplbs)

Faranotherexampke, suppase that? ¢ )exdsts predsely whenF  is nottoo e, say
F - G,,and wharewveritexdsts itundarauts p' ¢ ). In this e, F 1> does notexist and
the baundary betneen A! and A? is avertical ire atF =G, Torc _ 5 ; the baundary
betneen Al and A® starts fiam ¢ ;6 ) and atirues along the grgph of G ;s ©which is
donnvward skping and peretrates the loner-Eftcamerofthe istbestregan of A Gz ©
isthemaxdimum F atwhidh p° exists). Forasimpkerexampke, F (; does notexdistifp ¢ )
edsts predsslywhenF - G, adis bnerttenp :in this case the baundary betneen A
adA! isavertical ireatF =G, -

Itis essy Osee that Al is " 1stbest orsit-dattly lageF ;A% is ™ istbest for suH--
dertly bivc:A? is TIstbestrsie-deatly high cand b A3 is T istbestorsu=dently
bwvcadF _ButA! may notbe  rstbestoray CF ): this is soifp is undarautby
dgtherp’ arp’ whanewerp uderauts P - In this cee the partition lodss like Figure |
with the dhenge thatA? repleass Al T he baundary betneen A? and A2 @ 2)is eithert o
a Gy Crs©OAG;©)-

Finally, firtheraiation of the partiticn strudure resuls when quessiancaity of the
LHS ofF @ 1)is relxed.H oneer; the reltive paation ofthe  1Istbest regas raman the
same.- 0 ne notebke \ariation is that the baundary betneen A4 and A? and that betineen
A% and A® may extand O meet the " Istbest regan TorA! , in whidh cese the ™ 1stebest
regas TrA? ad A are notadjecant.

25



