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1 Introduction

There are industries where the supply of network, which igaikput in the production of
final goods and services, is often monopolized by a ventigategrated firm, the owner of such
inputs. The challenge then faced by the regulating auth@ito design proper access condi-
tions for other firms in order to promote competition in difet market segments. In many
countries there is a sole owner of the local telecom netwanld, the long distance carriers pay
a stipulated access charge for the use of the local loop tblbé@compete in the long distance
call market. This is typically known as “one-way access”.h@texamples of such network
are transmission grid (in the generation of electricitypgtines (in the supply of natural gas),
tracks and stations (in railroad transportation) and Ide#i’ery network (in postal services). If
the monopoly owner of the network also competes in the com@igary segments of the mar-
ket (e.g. retail services), then this firm may use its dontipasition to foreclose the market.

Hence, the regulator’s task lies in designing access chdinge are social welfare enhancing.

The economics of efficient access pricing (Laffont and Efal], and Armstrong, Doyle
and Vickers[2]) aim at deriving pricing schemes that maxzirihe social welfare taking into
consideration that the firms break even. The efficient ageesig approach prescribes that,
for each retail product, the associated Lerner index isrg@lg related to the demand elasticity
(if the firm is a monopolist) or to the superelasticity of theguct (if the firms compete in a

differentiated duopoly). This approach is popularly kncagrRamsey pricing.

In this paper we consider a model of regulated competiticemtlyze the one-way access
problem. There is an incumbent firm, the owner of a networkiingvho faces a potential
competitor in the retail market for a differentiated prod(ecg. long distance calls). The cost
of production of the potential entrant is unknown to the tatpr, who designs the retail prices

and the access charge. In our model the regulator, in orderatomize social welfare, sets



a uniform mechanism (retail prices and access charge thabtddepend on the costs of the
entrant). Consequently, the competitor's entry decisiartially depends on the regulatory
mechanism. A low access charge or a high retail price imphas the competitor is more
likely to realize positive profits, and hence is more likedyenter the retail market. As a result,
the market structure is endogenous. In other words, depgrah the regulated prices and
access charge, the downstream segment of the market is ®stived only by the incumbent (a
monopoly situation) or both the incumbent and the entraetate (a duopoly situation). It is
in this sense that our approach is a departure from theitvadltapproach to Ramsey pricing
(Laffont and Tirole [11]). In the traditional approach thegyulator, while designing the optimal
mechanism, assumes that duopoly prevails in the retail eharkhus our approach differs
in what we endogenize the entry decision, and as a consegjtie@anarket structure is also

endogenous.

We derive the Ramsey prices both under symmetric and asymerimgéormation. When the
entrant’s cost is publicly observed, there is a cut-off lefdhe entrant’s marginal cost above
which entry is socially inefficient, and hence the retail kediis a monopoly. The Lerner index
of the incumbent is inversely proportional to its demandtetéy. When the marginal cost falls
below the cut-off level, the regulator allows entry (dugprgime), and then the Lerner index
of each retail product is inversely proportional to its s@besticity. The cut-off marginal cost

is referred to as the “socially efficient entry point”.

Under asymmetric information (that is, when the entrant'st@s not publicly observable),
the retail prices are such that the associated Lerner imnofegdch retail product is inversely
related to a “modified superelasticity”, which is a weightithmetic mean of the demand
elasticity in the monopoly regime and the traditional sefasticity (obtained in the symmetric

information case) in a differentiated duopoly. The weighiteen to each of these two terms

1Laffont and Tirole [11], and Bloch and Gautier [5] considee impact that the access price may have on the
decision to bypass the existing network.



depend on the probability of entry. More weight is given te thuopoly superelasticity as the
probability of entry increases. If entry always occursnttiee market structure is a duopoly and
the Lerner index of each firm is inversely proportional tositgoerelasticity, which is the case
with the traditional Ramsey pricing approach. Furthermdréne incumbent’s retail price in a
regulated monopoly situation is higher than that in a regdlauopoly situation, then its retail
price monotonically decreases with the probability of ynfrhe consequence of entry on the
entrant’s retail price is ambiguous. The retail price of émérant is lower when the market is
more competitive, i.e., when the probability of entry irases. On the other hand, an increase
in entry also implies that less efficient types enter the miaind this has a positive impact on
its retail price. Depending on the relative importance @sthtwo countervailing effects, the

entrant’s retail price may increase or decrease with thigiitity of entry.

We also address the issue of optimal entry under asymmatocmation and compare it
with socially efficient entry. For this analysis we considdimear demand system for differen-
tiated products popularized by Singh and Vives [15]. We Brgiw that there is a cut-off level
of marginal cost above which entry is not profitable, and kdhe retail market is served only
by the incumbent firm. If the competitor has marginal cosbbethis cut-off level, then the
retail market is a duopoly. We further show that this cutieffel generically falls below the
socially efficient entry point. In other words, under lineé@mand and asymmetric information
there is always “too little entry”. By too little entry we medahat there exists some types for

which entry is not profitable though entry, for these typssdcially efficient.

To derive the optimal pricing schemes, we make the follovaegumptions. First, we as-
sume that the regulator has the power to set the retail aresaquices. This implies that the
incumbent is totally passive: it takes prices as given applées the quantities that exhaust the
demand for its product at these prices. The entrant is alssiyEwith respect to its supply

decision but it is active with respect to its entry decisi8econd, we assume that the regulator



cannot extract the entrant’s private information on its tysusing a menu of contracts and has
to offer a uniform pricing scheme. This is indeed a sourcaefficiency but can be justified by
the non-discriminatory rules that a regulator often useesigning access pricésThe analysis
of the exact implications of the non-discriminatory accesguirement is beyond the scope of
the current paper. Interested readers may refer to thes$igpuin Laffont and Tirole [12], and
Pittman [14]. Offering different self-selecting pricinghemes is noper sea discriminatory
practice since all firms have access to the same pricing sshehkiowever, the German com-
petitive authority (the Bundeskartellampt) urged the owafehe rail infrastructure, DB Netz,
to remove its TPS98 tariff for access because it was coresides discriminatory. The TPS98
consisted of two different pricing schemes: a two-parfftéor larger carriers and a per-unit

access charge for smaller carriers (see Pittman [14]).

The current model resembles two strands of the existingtiiee: the efficient access pric-
ing literature and the literature on regulation with endoges market structure. There are
two approaches to this latter problem. The first one, follmyvbDana and Spier[7], Auriol
and Laffont[3], and Jehiel and Moldovanu[10], consideed the regulator designs the market
structure and selects the firms which are awarded the righpéoate on the retail market as a
function of their reported costs. The other approach assuinat the regulator does not regulate
the market structure ex-ante, but specifies the regulatoriyament ignoring the cost of the
competitor(s). When these costs realize, the competidiesthe decision on whether or not to
operate in the retail market. Caillaud [6] considers a cditipe fringe that has the alternative
technology to bypass a regulated firm, and may decide to deendiing on the regulated price.
Gautier and Mitra [9] consider an environment where the fipmgluce homogenous products

and compete sequentially in quantities. In their modelntlagket structure is endogenous, and

2In the ongoing liberalization process in Europe, the Euaopgirectives on telecommunication (90/388/EEC),
electricity (96/92/EC), gas (2003/55/EC), rail (2002HA&) and postal services (96/67/EC) impose that the owners
of essential facilities must grant access to competitotbetasis of a “transparent and non-discriminatory” tariff



they show the possibility of inefficient entry.

As an alternative to Ramsey pricing, the efficient compopening rule (ECPR) (see Arm-
strong [1], and Baumol, Panzar and Willig [4]) prescribest time access price should be equal
to the incumbent’s opportunity cost of providing accessdeéifECPR, (a) potential entrants can
enter the market only if they are more cost efficient and (yes neutral with respect to the
incumbent’s profit. In this approach, entry is endogenousthe market is always served by
the most efficient firm. Under some conditions (price comjoetj homogenous products) the
ECPR is equivalent to Ramsey pricing (see Armstrong, Dogte\dckers [2], and Laffont and
Tirole [12]). Our approach also takes into account, as doe&£CPR, the entry decision of the
competitor while designing the retail and access prices, \Beiconsider an environment where
the regulator’s objective is not the selection of the maitieht firm but welfare maximization.

Clearly, these two objectives do not coincide when prodatgifferentiated.

2 The Model

We consider an economy with two firms. Firm 1, the incumbend vertically integrated firm
which owns a network good (e.g. local loop) that cannot beplyeduplicated, and it produces
a retail good (long distance calls). Firm 2 is a potential petitor in the retail market that
produces and sells an imperfect substitute of the retailggnoduced by firm 1. Production of
one unit of a retail good uses a unit of the network good. Ifrétail market is served by at
least one firm, the incumbent has to produce positive amduhemetwork for which it incurs
a fixed cosky and per unit costg > 0. The production of the retail goadnvolves a constant
positive marginal cost; for i = 1, 2. Suppose firm produces an amoumnt > 0 of its retalil
good. Then the total cost for firm 1 to provide networkgst co(x1 + x2). If firm 2 operates in

the retail market then it has to pay a per unit access charge



The cost parametelg, cp andc; of the incumbent firm is publicly observable. Entrant’s
marginal costc, is distributed according to a probability distribution @fion G(cy) in the
support[c,, 2] C R4. Letg(cy) be the continuous and differentiable density associatéu wi
G(cp). The probability distribution o€, is common knowledge, and we assume ti{a) > 0

forall c; € [cy, C2].

We consider a fully regulated market where a utilitariarutatpr sets the retail pricgs;
and p2 and the access chargein order to maximize social welfare. We adopt the accounting
convention that the regulator collects the total salesmegeof firm 1, p1x;, and reimburses
the incumbent its costs of network with monetary transfangl that the entrant pays the total
access receipty xo, directly to firm 1. Since the net utility of the incumbent fimust be non-
negative, the welfare maximization problem induces prtbes$ are similar to Ramsey prices.
In this environment, the only decision firm 2 takes is whethrenot to sell a positive quantity

of its retail good depending on the regulatory mechanism.

Regulating retail prices in addition to the access conulitis of particular importance when
the entrant firm possesses market power in the downstreamesgg The regulator needs at
least two instruments, namely, the retail price (to reguitg supply) and the access charge
(to regulate its contribution to the network financing),witoth instruments having an impact
on the entry decisiod.Had the entrant belonged to a competitive fringe, only oellagory

instrument (say, the access charge) would have been safficie

Consumers have quasilinear preferences. The gross consurpkis from the downstream

products is given by (xq, x2), whereU is the indirect utility function. Demand functions are

SAlternatively, the regulator can use a two-part tariff, wdthe variable part aims at regulating its supply and
the fixed part is used for regulating its contribution to tleéwork financing. Gautier and Mitra[9], and Lewis and
Sappington[13] use two-part tariff to regulate the behasfa non-competitive entrant.



derived from

max U (X1, X2) — P1X1 — P2Xo.
X1,%2>0

When any one of the two firms is inactive (i.e., prodj not supplied), the monopoly demand

for producti is found by solving the above problem with= 04

The demand for the retail goods at pri¢gs, py) faced by firm 1 is given by:

x{(p1, p2), if firm 2 enters
X1 =

X{'(p1,.), iffirm 2 does not enter

The demand faced by firm 2 s = xg(pl, p2). Letnj andn;j, fori, j =1, 2, be the own and
cross price elasticities otf' respectively, and let; be the own price elasticity of". Products

are substitutes iffj; > O fori, j = 1, 2, andi # j and complements ifjj; < O.

The timing of the events is as follows. Firm 2 learns its m@agjcostc, privately. Then
the regulator sets the regulatory mechanigm pp, a). After being offered the mechanism
(p1, p2, ), firm 2 makes the entry decision. If it decided to enter thair@harket, the firms
sell quantitiesq?’(pl, p2) fori =1, 2. Otherwise, firm 1 sells quantif’(p1, .) as a monopolist
in the downstream market. In the following sections, we yrsthe optimal regulatory mech-
anism both under symmetric (when the marginal cost of firmkhswn to the regulator) and

asymmetric information.

4The monopoly demand function is equal to the duopoly demandtion for good when firm j charges a
limit price such that, at this limit price, the demand for dgds equal to zero.



3 Optimal Regulation under Symmetric Information

3.1 Duopoly Market Structure

In this section we assume thatis publicly observable. First we consider the case of a diyopo
market. The utilitarian regulator maximizes social wedfay setting the retail pricegi, p2)

and the access charge The welfare is defined as the sum of consumers and produapitss.

We assume, without loss of generality, that the regulatonivarses costs of the incumbent
firm through a monetary transferreceives the sales revenue of the incumbent from the retail
market, and that the entrant pays the total access feelgiteche incumbent firm. In order to
reimburse firm 1 for providing access to the entrant firm, ggautator must raise the amount
t+ko+Co (X‘i' +X§) —(p1— cl)x‘i', which has a shadow price2A (with A > 0). Hence, the

net consumer surplus is given by
VA=U (4 8) - pod - P28 — (14 2) [t+ko+ o (4§ +8) — (pr—cpd] . ()

The gross surplus from consuming the downstream produdts, x3), is assumed to be con-
cave. Given the regulatory mechanism, both the firms musikeeen. The regulator makes a
transfer of amouritto the incumbent firm and this firm is paid a total access récexp by the

entrant. The sum of these two terms, which is its profit, mestdn-negative.
N{=t+ax§>o. )
On the other hand, the net profit of the entrant must also benegative, i.e.,

Nd=(p2—c2—a)d >0. 3)



The above restrictions are the participation constraihfsras 1 and 2, respectively. The opti-

mal regulatory mechanism results from, subject to (2) apdif@ maximization of

V9(py, p2) +NY(p1, p2) +NI(p1, p2).

Since public funds are costly (> 0), the participation constraint of firm 1 binds at the optrmu
Also, the access priae is set to ensure that firm 2 breaks even. Taking these factaauount,

the regulator’s objective reduces to:

maxW¢ =U (x‘f,xg) —(1+2) [ko+(co+01)xd (Co+Cz)Xg} +A (plx(ljJr I02X3>- (4)

P1, P2

In the following proposition we describe the optimal medeanas a solution to the regulator’s

maximization problem.

Proposition 1 The optimal regulatory mechanis(rp‘l‘, pg, a®) under symmetric information is

a solution to the following conditions:

d
p’ — Co — Ci Al .
Ld = ! = —, fori=1,2, 5
! pfi 1+A 1 ®)
A pd
d d 2
a = —Cr = — =, 6
P2 —C2 Co—|—1+ A (6)

wheref); is the superelasticity of good i, which is given by

= ni(nin;j —’7ij’7ji), fori.j=12
ninj =+ nNinij

Proof. See Appendix A. ||

10



The superelasticity of gooid= 1, 2 takes into account the fact that the two firms sell dif-
ferentiated products in the retail market. If the goods atesttutes (complements) we have
Ni < (>)n;. Further, the Lerner indelxid of firm i is inversely related to its superelasticity. In
the above proposition the formula for the optimal accessefnas a very simple interpretation.
Had the public fund not been costly (i.e.Aif= 0), the regulator would optimally set the access
charge equal to the marginal cost of firm 1 for providing asdesthe entrant (i.eq? = ).
Since public funds are costly due to distortionary taxes,dfptimal access charge is the sum
of the marginal cost of providing access and a markup inngltine superelasticity of the retail
good supplied by firm 2 in the downstream market. The magaitfdthis markup depends

positively on the shadow cost of public funds.

3.2 Monopoly Market Structure

Consider the case of a monopoly downstream market, i.einthenbent faces no rival in this

segment of the market. In this case the total funds to bedasegiven by:

t+ko+ Coxy' — (P1X{' — C1XT').

Hence, the net consumer surplus is given by:

VT=U (X7, 0) — paxq’ — (1+A) (t+ Ko+ CoxT'+ C1xq" — P1XT) (7)

In this case also firm 1 must break even. Notice that, sinceZidoes not enter the market, the
incumbent does not have to provide access, and hence dogstraoty access receipt. Its cost
is only reimbursed through the net transfer 0 from the regulator. This is the participation

constraint of the incumbent firm, which binds at the optimuntorporating the participation

11



constraint, the utilitarian regulator selects the retaitgp; to maximize the following social
welfare

W™ =U (x7', 0) + A paxq’ — (1+A)[(Co+C1)x7" + Ko, (8)
The optimal retail price]" is summarized in the following proposition.

Proposition 2 The optimal retail price | under symmetric information is a solution to the

following condition:
p'—co—c1 A 1

LY = —.
! pT 142 &

(9)

Proof. See Appendix A. ||

In this case the Lerner index of firm 1 is inversely relatedn® dwn price elasticity of its
retail product. It is immediate to show thatfjf > &;, the regulated price of good 1 is higher
in the case of monopoly than that in duopoly. If the demandsat “too” concave, then at a
given priceps, N1 > (<)g if the products are substitutes (complements). But we dainfer
from the substitute or complement nature of the goods whéthes greater or smaller tham.

In our linear demand example in Section 5 we hgye> 1)1 = &; for substitutes products, and

N1 < A1 = & for complements.

3.3 Socially Optimum Entry Point

Now we would like to see if, under symmetric information,rgris socially efficient. In other
words, we would look for a cut-off level of marginal cost ofnfir2 such that ifc, is different
from this cut-off level, maximum social welfare associatedluopoly differs from that in the

case of monopoly. This result is summarized in the followpngposition.

Proposition 3 There exists a cut-off level of entrant’s marginal cotsach that if the entrant’s

12



marginal cost falls below this level then the maximized @alfisocial welfare in duopoly retail
market is higher than that in the monopoly situation, anddeeentry is socially efficient. If the
entrant has marginal cost above this cut-off level, themyeist not socially efficient, and the

retail market is served only by firm 1.

Proof. See Appendix A. ||

The cut-off level of the marginal cost of firm 25, which is referred to as the “socially
optimal entry point”, is found by equating the maximizedues of welfare in the duopoly and
the monopoly regimes. For low values of firm 2’s marginal dast, ¢, < c;) allowing firm
2 to operate in the downstream segment of the market is §oeidicient (since, in this case,
the social welfare is higher). If the entrant’s marginaltassvery high (i.e.,c; > ¢3), then
prohibiting firm 2 to enter the downstream market and allgirm 1 to be the sole supplier of

the retail good is socially optimal.

4 Optimal Regulation under Asymmetric Information

In this section we assume that firm 2 learns its marginal cosately before the regulator
designs the mechanisfps, p2, o) and that the distributior(cy), is common knowledge. The
regulatory mechanism is non-discriminatory in the senatitlloes not depend on the marginal
cost of firm 2. After observing the regulatory mechanism, frtakes its entry decision. Hence,
the regulator, while designing the mechanism, knows that #rmay enter the market with
some probability. As opposed to the case of symmetric indbion, the regulator maximizes
the expected value of the social welfare, since the retaiketas served by both the firms with
some probability, and only by the incumbent with the commatary probability. The optimal

regulatory mechanism has significant impact on the entrisabecof firm 2.

13



4.1 The Regulatory Problem

After being offered the regulatory mechanism firm 2 decidesnter the retail market if it earns
non-negative profits, i.e., mg =(p2—C2— a)Xg(pl, p2) > 0. We assume that at the regulated
prices(p1, p2), firm 2 faces strictly positive demand for its product, i)é.(,pl, p2) > 0. Now
define a cut-off marginal cost of firm 2; Such thaf1§(&;) = 0. At prices(ps, p2, @), we have
0I‘Ig/002 < 0. Therefore firm 2 is active in the downstream market onlgiK €,. Given
the assumption of positive demand for the retail productrof &, the cut-off entry pointy’is
defined by

p2—C—a=0. (10)

Thus, given the regulatory mechanism, it is clear that theoffunarginal cost of firm 2, and
hence the market structure (duopoly or monopoly) are entmgge From the above discussion
we can immediately conclude that with probabil@y¢,) the market structure is a duopoly, and

the incumbent is a monopolist in the retail market with theaptementary probability.

Irrespective of whether firm 2 enters the market or not, firraceives the monetary transfer
t from the regulator to reimburse its cost. If firm 2 enters thit market (with probability
G(¢€,)), then only the incumbent receives the access charge. Ttieipation constraint of firm

1 then implies that the expected profit is non-negative, i.e.
EMy=t+G(&)a§(p1, p2) > 0. (11)

The optimal regulatory mechanisfps, p2, a) results from, subject to (10) and (11), the maxi-

14



mization of

{/: HU <X‘f(p1, P2), %5 (P1. P2) ) — 1

—{(1+A)<t (Xd(pl,p2)+><g(p1, )>+ko (pl—Cl)Xclj(pl,pz))}
+ {t+ed(pr, p2)} +{(P2— 2~ @)1, P2)}AG(co)|

+ VCZ [{U (X(p1, .), .) — PXP(p1. )}

C2

,Zil

(P, P2) — P2X3(p1, pz)}

—{(1+2) (t+cox7'(P1, -) +ko— (Pr — CO)XT'(P1, )} +1]dG(c2)] (12)

It is easy to check that the above optimization problem igtstrconcave. Given (10), the
regulator choosing a mechanisipy, p2, ) is equivalent to choosingps, pz, €2). Since pub-
lic funds are costly, the participation constraint of firm ihds at the optimum. Hence, the

regulator’s objective reduces to:

max (e (ez) +[1- G W™+ x(pa, po) [ Glez)do (13)

p1, P2, 6

whereW™ is defined in (8), ant4(¢&y) is given by

Wd(&;) =U (X? (P, P2), X8 (p1, pz)) —(1+A) [(Co-l-Cl)X(lj(pl, P2) + (Co+E2)X3(p1, P2) + ko

+A |:p1 p17 p2 + pzxd(pb p2):|

The first term in (13) is the expected social welfare with chlgevaluated at the entrant’s
marginal costy, the second term is the expected social welfare under mdynapd the last
term measures the expected benefit of having an entrant grogthe quantit)xg(pl, p2) at
marginal cost, rather than aty, i.e., the expected profit of firm 2 for having entered with a

more efficient type thany.

15



4.2 The Modified Superelasticity

In the optimal regulatory mechanism under asymmetric médron, the Lerner index of each
retail product is inversely related to a “modified supenatéy” which is composed of the own
price elasticity and the standard superelasticity (thetbatchas been derived under symmetric
information). Prior to analyzing the optimal regulatorychanism, we discuss the properties
of these modified superelasticities. Let the average degaiittie retail goods 1 and 2, respec-

tively be

x(p1, P2) = G(E2)x(p1, P2) +[1— G(E)] X7 (p1, .) (14)

%(pL, P2) = G(&2)X3(p1, P2)- (15)

Further, letn; and ni; be the own and cross price elasticities associated witrethesrage

demands, which are given by

— _ 0x(p,P2) P
— _ 0%(p1, P2) P}
nij = 75&' X’ (17)

fori, j =1, 2 andi # j. We define the modified superelasticities of the retail potslas

76— i (ninj — NijN;i)

; ————— = fori,j=12, andi # j. 18
! nin;j + Ninij : 7 (18)

The above modified superelasticities are similar to thosease of symmetric information.
Under unknown marginal cost of firm 2, the terms ni; andnj; in f); are replaced by, n;j
andnj; in F]iG, respectively. In other words, the modified superelaggiare defined in terms

of the expected demands. Therefore, they depend on theastision of firm 2 (sinc&(&y)

16



is the fraction of cost types that enter the retail market)is Wworth noting a few important
properties of the modified superelasticities described &). (First, the modified superelasticity
of retail goodi (=1, 2) can be expressed as a weighted arithmetic mean afperelasticity
obtained under symmetric information and its own priceteddg. Take the retail product of

firm i. Its modified superelasticity can be written as the follayin

)

= 01(&)N1+[1—-61(E)]e1, (19)
&
g1+ N2

>

NE

= 0(E)N2+[1—62(€2)]0Nn2, with & = (20)

e 7

The weights depend on the probability of ent®(,). Had all types of firm 2 been allowed
to enter the retail market, i.e., & = ¢, then6,(¢;) equals 1 fori = 1, 2. In this case, the
retail market is duopoly with probability 1, and the modif®gperelasticities coincide with the
superelasticities derived under symmetric informatipnand,, respectively. If no types of
firm 2 are allowed entry, i.eco = C,, then the retail market is served only by the incumbent,
and henceﬁ{3 equalses, the own price elasticity associated with the monopoly dehfaced

by firm 1. In this case, firm 2 does not produce, and its own maiasticity is not well defined.

From (20) it is easy to show that &%.) approaches zerw“),zG tends tons.

Next, important property is related to the behavior of medifuperelasticities vis-a-vis the

probability of entry. From (19) and (20) it is immediate teshthat, fori =1, 2,

Hence, the modified superelasticities can either increade@ease montonically as the prob-

ability of entry increases. In fact, bofhlG and ﬁZG move in the same direction with respect to

5See Appendix B for details.
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the probability of entry.

Finally, notice that if the retail goods are (imperfect) stifotes, themy;; > 0 fori, j =1, 2
andi # j. Then one can immediately show that in this cé§e< ni fori =1, 2. The inequality

is reversed if the products are complements.

4.3 Efficient Prices and Access Charge

In this subsection we analyse the optimal regulatory mdasha@as a solution to the welfare
maximization problem (13) of the regulator. The optimahileprices and the access charge
are modified Ramsey prices which takes the endogeneity ahtrket structure into account.
These are described in the following proposition. The medma is efficient in the sense that

it maximises the expected social welfare.

Proposition 4 Under asymmetric information, the welfare maximizing @sicp;, p2, o) are

solutions to the following conditions:

pp—c—-¢c A 1

LG = = - 21
1 p1 1+A r]le (21)
P2—C—C A 1  (14+A)(E—c2)— (62— 2AC2))
LGC = = = T ) 22
2(¢2) P2 117 RS P21+ A) (2)
R A & — Lo (&
@ = p-toct 2 e tel®) (23)

1+A Qg 1+A

&
where tz(€) = E[ca|co < 6] =6 — «’ngﬁ

) % is the expected marginal cost conditional on

entry.

Proof. See Appendix B. ||

5The above two properties should be interpreted with caufidrey are valid for exogenous values®f Tn
the subsequent sections we show that the entry decisiorher c; are endogenously determined. Thus at the
optimum, the behavior of modified superelasticities witpect to the probability of entry is somehow redundant.
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When the marginal cost of firm 2 is unknown, the Lerner indefrof 1 is equal to a Ramsey
like term, which is inversely proportional to the modifiegpstelasticity of its product. It takes
into account that the retail market is a duopoly with probgbiG(¢;). Therefore, the Lerner
index of firm 1 can be expressed as a weighted mean of the Liewet of the incumbent under

monopoly and that under duopoly with symmetric information

Corollary 1 Under asymmetric information, the Lerner index of firm 1 iseaghted harmonic

mean of Ig and L, the weights being functions of the probability of entry.

Proof. See Appendix B. ||

The above corollary immediately follows from (19). This usmplies that ifc; = c,,
A = &1, and hence we haue® = L. Similarly, if entry always occurs with probability 1 (i,e.

&2 = Cz), then we have§ = LS.

The optimal retail price of good 2 is determined from (22).eTkterner index of firm 2

consists of three terms which we explain below.

1. The first term is a Ramsey like term which is inversely prtipoal to the modified su-

perelasticity of the product.

2. The second term depends positively on the ratio of therdiffce betweecp and the true
realization ofc, to the price of good 2. In the optimal non-discriminatory imaaism,
all typesc, face the same pricp,. Consequently, all the types that find it profitable to
enter the downstream market enter and sell the same qu@a'tpricepz. However, the
profit level of an entrant is type-contingent and it incresag@notonically with its level
of cost efficiency (that is, lower the marginal cost highehes profit). This is captured in

the second term.

3. The third term depends negatively on the ratio of the difiee between the cost of the
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marginal entrant and the expected cost of the potentiahenfgiven the entry cut-off,)
to the mark up pricél+ A)p, where the mark up internalizes the shadow dasthis is

the common cost of all potential entrants (that is, entrauits typec, < &,).

The second and third term taken together gives us

(14+2A)(E2—c2) — (E2— o)
P2(1+A) ’

and we call this the “impact-of-entry” term. The role of thenpact of entry term” becomes
more transparent if one re-writes the Lerner index of firmh2f(ts, condition (22)) as a ‘virtual’
Lerner index of firm 2 in the following way:

P2 —Co— 2(62) A 1

L5 (@) = =— = =113 g (24)
2

wherez(¢,) is the virtual cost of the endogenously determined margnédantc; under the

optimal non-discriminatory regulatory mechaniénvhich is given by

J&2 G(ca)dez

A%) =% 1366

Therefore, the pricing rule under asymmetric informati®suich that the virtual Lerner index

of firm 2 is inversely related to the modified superelasticity

We now analyze the impact of the endogenous probability tfyem the regulated prices.
Under symmetric information, the Lerner index of firm 1 inead duopoly may be higher or
lower than that of monopoly depending on whetheris lower or higher tharg;, and hence
the retail pricep‘i' may be higher or lower than the retail pripg. We can conclude that, if

p‘f < (>)pY]\ then a greater probability of entry is associated with aelo¢higher) price for

’In the objective function (13), we ha\fé%f” =(14+A)(p2—co—2z(E)).
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good 1.

In case of the regulated price of firm 2, a similar monotogicésult cannot be drawn.
Higher probability of entry has the same qualitative impatthe Ramsey term in (21) as on
that in (22). But a higher probability of entry also has a pesiimpact on the virtual marginal
costz(&;) and hence on the retail prige. Hence, ifp]’ > p, the impact of a higher probability

of entry on the regulated retail prige is ambiguous.

In line with the traditional approach to efficient accesipg as in Laffont and Tirole [11],
when the cost of the entrant is unknown to the regulator, theesfare offered a menu of contracts
(p1(c2), p2(c2), a(c2)). Consequently, entry and hence the market structure afectigregu-
lated. There is no entry decision per se made by firm 2. In thecupaper we set up a model
similar to that in Laffont and Tirole [11] in order to derivestfare maximising retail and access
prices that also take efficient entry decision into accdoutyve add a non-discriminatory clause
to the problem. This implies that prices cannot be contihgera revealed value of the entrant’s
marginal cost. Our modified Ramsey prices bear close rel&ithe optimal regulatory mech-
anism based on the “revelation principle”, as analyzed kyob&a and Tirole [11]. Following

their set-up, the optimal retail pricép1(c2), p2(c2)) (under asymmetric information) are given

by:
p1(C2) —Co—C1 A1l
L, = _ Sl 25
! p1(C2) 1+A fip (29)
P2(C2) —Co—C2 A 1 he)
L, = _ = , 26
2 P2(C2) 14+A A2 p2(C2) (26)

whereh(cy) = G(c2)/g(c2), the hazard rate associated with the distribution funaBe).2 In
light of (25), firm 1 always receives an efficient (non-disitmmary) contract since its charac-

teristics are public information. This is not the case witmfR. In (26), the Ramsey markup

8These contracts apply only if, under asymmetric infornmatia duopoly market structure is prefered to a
monopoly which is the case for all types of firm 2 such tyat h(cz) < c5.

21



term involves the superelasticity of good 2, and the adaigtiderm is an “incentive correction”
term that depends on the hazard rate. The most efficient ffpend2 (c, = ¢,) receives a non-
distortionary contract, i.e., the optimal contract undgnmetric information. In our pricing
formula (21) superelasticity of good 1 is replaced by its rfied superelasticity in the markup
term. Hence firm 1 does not receive an efficient contract,esatcdhe time of designing the
regulatory contract, firm 2's entry decision is not knownyDmhen the retail market is served
by both the firms with probability 1 (i.eco = ¢y), firm 1 receives an efficient contract, since
A = N1

In our model it is impossible to offer a non-distortionarynt@ct to firm 2, since entry
cannot be perfectly regulated. An alternate way of reptasgfirm 2's Lerner index (that is,

condition (22)) is the following:

1p(82) +AE
pp—Co—C A 1 (_2 12+/\—2)_02

LGC = = — +

(27)

A comparison between (26) and (27) shows that our Lernexidiféers both in the Ramsey
type term as well as in the adjustment term. While the Ramgeyterm differs mainly because
of the endogenous market structure, the adjustment teferglihainly because, as opposed to
the traditional approach where entry is exogenously givemur problem the endogenously

determined entry cut-off poirt, ‘matters.

4.4 Endogenous Entry

We analyze how the optimal cut-off point for enty iS related to the socially efficient entry
pointc;. Under asymmetric information entry is inefficiencif differs fromc;. There are two

possible forms of inefficiency: “excess entry” under asyririoénformation if¢; > ¢, and “too
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little entry” if ¢, < ;. To be more specific, too little entry refers to the situaiiotihe entry
cut-off point under asymmetric informatioe falls below the socially optimal entry poirt;.

In other words, there are values of marginal cost of firnc24 [C;, ¢5]) allowing whom to
enter the retail market is socially desirable, but underotgmal regulatory mechanism these
types do not enter since they do not find it profitable to do sca telated work, Gautier and
Mitra[9] show that if the incumbent and entrant produce a-differentiated good then, under
asymmetric information, entry is generically inefficiemtdathat both types of inefficiencies
are possible. Thus, there is no systematic bias towards amigylar form of inefficiency. In
more specific contexts, i.e., using specific assumptionsewlistribution of the entrant’s cost
parameter, Bloch and Gautier [5], and Gautier [8] identifyations where a particular type of
inefficient entry emerges. Gautier [8] observes that thetea little entry with both two-part
and single tariffs for the access charge, the latter gengratore entry. Bloch and Gautier [5]
study the choice between access and bypass as a functioa mghlated access price. They
identify a situation where, under asymmetric informatiexgessive bypass is possible, while

excess access does not emerge.

In our set-up, the optimal cut-off of the marginal cost of fi2rs given by

~

W9 (62) W™ = Ah(62)X5(pa, P2)- (28)

From the above first order condition, we can only concludettiere is entry if and only if the
duopoly welfare evaluated at the marginal entrant’s maigiost is higher than the monopoly
welfare. Otherwise, there is no entry. To draw an explicitatosion regarding the types of

inefficiencies, we analyze a differentiated good retailkatwith linear demands.
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5 Optimal Regulation with Linear Demands

We assume that the consumers have quasilinear preferererahe retail productéxs, x») and
a numeraire good. Thus, consumers maximi&(xy, xo) + z subject topixg + paxe +z < I,
wherel represents consumers’ total wealth. As in Singh and Vivek Mie assume that the

gross surplus over the products of the two firms is a quadiatiction.
1 2 2
U (X1, X2) = aXq + apXp — > (b1xg + boXs) — BxaXo. (29)

We assume tha;, bj, bjbj — B2, anda; bj —a; B are all positive foii, j = 1, 2.

When the retail market is served by both the firms, the firstiocdndition of the consumer’s

optimization problem gives rise to the inverse demand fonst

p1(X1, X2) = a1 —bixg—Bxo,

P2(X1, X2) = ap—boxo— Bxg.

For a monopoly retail market, we haxg= 0 and hence, the gross consumers’ surplus is given

by.

b
U (X;]_7 O) = ayX1 — %X%

Hence, the inverse demand function is given by:
p1=a1 —bix.

For substitute productg3(> 0), we haven; > & = fj1, andny < & = ) if the products
are complementg3(< 0). Hence under perfect information, efficient prices arehsihat the

monopoly price equals the duopoly price for good 1.
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5.1 Efficient Prices under Symmetric Information

In a duopoly retail market, using Proposition 1 one obtdesaptimal prices and access charge,

which are given by

1
d . | - .
Pi <1+2/\)[Aal+(1+)\)(00+0|)], for i,j=1,2 andi# j,
- T 1y )\
The monopoly price is solved following Proposition 2. Tregjiven by

1
M= —== | A 1+A .

o = (1 ) e+ L+ Ao+

In this particular case with linear demands, the regulagéalirprices of firm 1's product under
symmetric information are equal. But this is not necesgdné case under a general demand
structure. The welfare differential between the two regmsagiven by

(bibz — B2)(1+24)(x5)? '

Wd(cp) — WM =
(c2) 2b;

(30)

From the above we have the socially efficient entry point (ax — co) — bﬁl (a1 — (co+c1)).
Following Proposition 3, it; lies in the intervalc,, ¢5], then a socially optimal market structure
is duopolistic. Forc; < ¢, < cz, the incumbent firm operates as a monopolist in the retail
market. Notice that, for; = a, andb; = bp = B (i.e., when the downstream products are
perfect substitutes), we hawg = c;. This implies that, if the products are homogeneous,
then firm 2 is allowed to operate in the retail market only ifsitmore cost-efficient than the

incumbent firm.
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5.2 Efficient Prices under Asymmetric Information

The first order conditions for the regulator’s optimizatimmblem with respect t@; and p,

give rise to the following Ramsey prices:

= (1) Mact @A) e,

P2 = <1+12)\)[)\az—l—(l—l—A)(Co—i—éz)]—@ where R(cp) =

fgc;z G(Cz)dCz

2
1+2)1° G(co)

The optimal entry cut-off pointy"is found by solving the first order condition (28) of the

regulator’s maximization problem. For linear demandss ihigiven by
(1+2)2[y—t(€2)]* — 2A (1+A)bsh(2) [y — t(C2)] — bR(€2) [R(G2) +2Ah(E2)] = 0,  (31)
wheret(€;) = by (€2 —¢,), andy =bs(ay —co—C,) — B(as —Co—C1).

5.3 Optimal Entry

Finally we analyze whether entry is efficient or inefficiethgpared to the social optimum.
Observe that using the value of we gety —t(C;) = by(c5 — €2). Using this in condition (31)

and then simplifying it, we get

[(1+2)(c2— &) +R(E)][(1+A)(c;— &) —R(E2) —2AN(E2)] = 0. (31)
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From (31) it follows that the optimat; satisfies any one of the following conditions:

24(6) =62 1A~ ;=0 (32)
Dy(6) = 6o+ R(sz ffj\\ >h(°2) —c;=0. (33)

Let & andc; be the solutions ta21(€;) = 0 and 2,(¢;) = 0, respectively. Clearly, from
(32) and (33) it follows that; < ¢; < €, and hence the welfare maximizing solutioncis
Then from (33) we have; > €;. Thus there is “too little entry”. For example, consider the

following family of distribution functionss = {{Gx(.) }xer k>—1} Where for any givelk > —1,

k+1
Gy(X) = <CX2__9922) 10 For any element from this family2;(&;) = 0 has a unique solution

for i = 1,2. Hence the optimal solution is obtained fra@(¢;) = 0 and in particularc, =

(k+1)(k+2)

S+ ki ran (G — C2) < ¢ givenk > 1.

6 Concluding Remarks

In this paper we have argued how the traditional Ramsey aquésng rule can be modified
when market structure is endogenous. This modificationgsseary only when the cost of the
entrant is unknown. In this regard we derive modified supstalities of the retail goods that

internalize the impact of the regulatory pricing rule on &méry decision.

Popular belief asserts that access to essential faciliyldibe non-discriminatory. Follow-
ing this tradition we have designed a non-discriminatoligipg rule and argued that such a
pricing rule, when designed by a utilitarian regulator, hasgnificant impact on the entry de-

cision of the rival firm as the regulator cannot perfectlytcoihthe entry into the retail market.

%It can be proved tha®;(¢;) = 0 fori = 1, 2 will neverhave imaginary conjugate solution(s).
OFork = 0, Gy(.) is Uniform.
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Taking resort to a linear demand system we have shown that ihtoo little entry compared to
the socially efficient entry and this conclusion holds ungeny general distribution functions

of the unknown marginal cost of the entrant.

We assumed that the potential entrant possesses market ptead of being part of a
competitive fringe. When the entrant is assumed to be catiyegtone can also draw conclu-
sions that are similar to the ones we find here. An interestkignsion of the current model
would be to consider a partially regulated industry wheegertdgulator only designs the access
fee (possibly a two-part tariff), and the firms compete in aBa&d fashion in the downstream
market. A more challenging open question in this contexthwlto design the regulatory mech-

anism when it is possible for the regulator to offer a menuasitacts to the entrant.

Appendix A

Proofs of Propositions 1 and 2 First consider the regulator’s problem (4) under symmet-

ric information. The first order conditions of this maximiiman problem can be written as

_ P2X§ d A
N N21 (—Xdpl 1) L7 _ | ™2
pog d A
—N12 <_Xdp2 ;) n2 L5 )

Solving the above system of equations and incorporatindaittethata = p, — ¢, we get (5)

and (6).

Now consider the regulator’s optimization problem (8) unsigmmetric information. The
first order condition is given by
oxy’ A m

m_~ _ 2%
(pl Co Cl)apl 1+AX1 :
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Solving the above we get (9).

Proof of Proposition 3 To prove this proposition, 189 (c,) andW™ be the maximum values
of social welfare in duopoly and monopoly, respectivelyindghe Envelope theorem we get

dwd(Cz)

T ——(1+M)Xd<0.

The above implies that the functiofdd(cz) is monotonically decreasing with respectd
Notice thatW™ does not depend og. Three cases might emerge. (1) Suppose first that
WY (c,) < W™ In this case&; = C,. This implies that welfare under monopoly is always higher
than that under duopoly, and hence, even the most efficipatdf/firm 2 is not allowed to enter.
Thus, the socially optimal market structure is that theiretarket is served only by firm 1. (2)
Now suppose thalvd(c;) > W™. In this casecs = C;. Then welfare under duopoly is always
higher than that under monopoly, and hence, even the |dasept type of firm 2 is allowed to
enter. (3) Finally, suppose that?(c;) < W™ < WY(c,). In this case we havg € (c,, C;) such
thatWd(cs) = WM.

Appendix B

Properties of the Modified Superelasticity We first prove the property that the modified
superelasticities can be expressed as a weighted arithmetin of own price elasticities and

the traditional superelasticities. First, consider thgecaf firm 1. Its modified superelasticity
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can be written as

-G _ G(€2)xd(N1n2— N12N21) + [1— G(E2) X 'e1n2

woo (Mo + 712) ’
_ [G(éz)xclj('72+'712)] . {(1—6(62))%1“:72] .
x1(N2+ N12) x1(N2+ N12) ’

= [61(&)] A1+ [1-61(E)]en.

Next consider the modified superelasticity of good 2, whigh be written as follows.

o [GE)d(n+n21)] 5 | [(1—G(E))x(e1+ n21) €1
1 [ X1(N1+ N21) ]nz+{ X1(N1+N21) } (51+I721) 2
= [62(C2)] N2+ [1—62(C2)]O 12,

&

whered = R

Notice that6 (&) = 1 (fori = 1, 2) whenc; = c; (i.e., the retail market is a duopoly). When
no types of firm 2 are allowed to enter, i.&(.) = 0, we havef; (¢;) = 0 andA¥ equalse;,
since this firm is a monopolist in the retail market. In casérof 2 a similar conclusion can
be drawn. ASG(€,) approaches zero, the modified superelasticity of firm 2 eguives its price
elasticity associated with the duopoly demang{,pl, p2). Obviously, atG(.) = 0, this firm

does not supply a positive quantity, and hence, the valuﬁfcﬁt this point is not well defined.
Next we analyze the behavior of the modified superelastgitiith respect to the probability

of entry. Notice that, for = 1, 2, 6(;) is increasing irG(.). Hence,

on
l ~
2 0 asnze,

S
Q
N

= 0 asfp=9dn..

QD
Q
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It is easy to show thaj, = &1 andf), = dn, are equivalent conditions. Notice that

N1z é&

& N1N2 — N12N21 2 €1(N2+ N12), (34)

and

N2 2 9dn
PN Nninz —nNi2hn21 > &
Nina+n2n21 =~ &1+ N21

& £1(N1N2 — N12N21) + N12(N1N2 — N12N21) 2 €1(N1N2+ N21N2)
< N21(N1N2 — N12N21) 2 €1N21(N2+ N12)

& N1N2 — N12N21 2 €1(N2+ N12). (35)

Finally, notice thatx{n;, = G(éz)xflinlz and N1 = np1. Hence, if the goods are substitutes
(complements), i.e., iffij > (<)O0 fori =1, 2, then we havey; > (<)0 fori=1,2. Thus

i < (>)ni is equivalent tdj® < (>)n; fori =1, 2.

Proof of Proposition 4 First notice that the regulator’s objective function (12the sum of
social welfare under duopoly and that under monopoly. Theletor maximizes this expression
subject to (10) and (11), both of which bind at the optimunmdang (10) defines the optimal
entry cut-offc;. Hence, a regulatory mechanigim, pz, a) can equivalently be represented by
a mechanisnipz, p2, €2). Incorporating the constraints into the objective funct{h2) we get

the expression (13). Define

~ —ch—¢C C
[L=P2"97% S04 Hiey) = [ GHdx
P2 [}
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The first order conditions of the regulator's maximizatioolgem can be written as

__ _ Ao
_(1+)\)I71X1 (1+)\)!]21X2 <%) L? _ —AXl—H(Cz)g—pzl
_ _ - _ ~ d
(1+)\)r712x1 (%) —(l-i—)\ )I]2X2 Lo —)\Xz —H (CZ)Z_:)ZZ

Solving the above system of equations, and using (10) anéxpeession foiuy(€;) we get

(21), (22) and (23).

Proof of Corollary 1 ~ This corollary follows directly from the condition (19) afoposition

4.
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