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Abstract

We investigate how regulatory mechanisms influence the nature of competition in a network industry. In

the downstream market, the seller of a differentiated retail product competes with an incumbent firm. The

incumbent firm is also the owner of the essential input. The regulator does not observe the cost of the en-

trant. To maximize social welfare, the regulator designs the retail and access prices which is followed by

the firms’ decision to produce. We derive the optimal type-dependent retail and access prices that adhere to

the traditional Ramsey rule. A duopoly or a monopoly emerges as an optimal market structure in equilib-

rium. Further, as compared with the symmetric information case, there exist suboptimal entry and a smaller

likelihood of duopoly as an optimal market structure under asymmetric information. When the regulator is

constraint to offer a non-discriminatory access charge, we show that both the retail and access prices are

type-independent.
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1. Introduction

The optimal design of access prices aims at fostering competition in industries where competitors do not

own the essential inputs of production, bottleneck inputs in the jargon of regulation. Examples of such input

include local loop (in long distance telephony), transmission grid (in electricity generation), pipelines (in

natural gas), tracks and stations (in railroad transportation) and local delivery network (in postal services).

In many countries a bottleneck input is supplied by a monopolist. Presence of scale economies (due to high

fixed costs of the network good) and absence of competing technologies (due to high costs of bypass) are

the main reasons for such natural monopolies. In this case the end users of the bottleneck inputs (providers

of retail services) pay access charge to cover the costs of the network. In the aforementioned industries, the

monopoly owner of the essential input has incentives to charge a prohibitively high or even a discriminatory

access price to foreclose the retail market in the case it also provides retail services. Thus, the regulation of

access conditions in such industries is of utmost importance.

A typical problem the regulator often faces is that he has incomplete information about the costs of

production of the essential inputs, and hence there is a potential adverse selection problem regarding the

efficiency of the incumbent firm (the monopoly owner of an essential input). Laffont and Tirole (1994) an-

alyze the problem of designing the optimal access price in a regulated industry where the incumbent firm

competes with rival firm(s) in the retail sector. The regulator with limited budget offers a direct mechanism,

which consists of the retail and access prices, to the incumbent with the objective of maximizing social

welfare. The requirement of budget balance implies that the optimal retail prices adhere to the Ramsey

pricing rule. It is often argued that the regulator possesses more information about the firm that is already

established in the market than a firm who has not yet entered the market to compete. Hence, an alternative

approach (e.g. Lewis and Sappington, 1999; Gautier and Mitra, 2008) assumes that the regulator has perfect

knowledge regarding the production technology of the incumbent, but is uncertain about the costs of pro-

duction of the potential entrants into the retail market. In this paper we revisit the one-way access problem

when the regulator does not possess perfect knowledge about the production cost of a potential entrant,

an approach similar to the above mentioned works, which are fundamentally different from the traditional

approach pioneered by Laffont and Tirole (1994).

In the present model, there are two competing firms in the downstream market which produce and sell

differentiated goods. The incumbent firm is the monopoly owner of an essential input which the entrant firm

uses to produce its good for which it pays a per unit access charge to the incumbent. The utilitarian regulator

designs optimal retail prices and access charge in order to maximize social welfare. At the price design stage,

the regulator does not know the cost conditions of a prospective competitor in the downstream market. The

optimal retail prices are incentive compatible prices that aim at eliciting private information regarding the

production technology of the entrant. After the regulator decides on the retail and access prices, firms

decide to produce the retail goods. Clearly, this decision depends on the regulatory environment. Welfare

maximization implies that the retail and access prices adhere to the Ramsey rule. Since the decision of the

incumbent and the entrant to produce follows the announcement of the retail and access prices, the structure

of the retail market becomes endogenous. The optimal mechanism implies that the downstream market can

either be a duopoly or a monopoly. In particular, if the marginal cost of the entrant is very high, then the

incumbent firm becomes a monopolist in the retail market. For very low marginal cost of the entrant, on the

other hand, the incumbent stays out of the retail business. Only for intermediate values of the marginal cost

of the entrant, duopoly emerges as an efficient market structure.

In designing the optimal mechanism, the regulator faces a clear trade-off between efficiency of the

production technology of the entrant firm and the degree of substitutability of the downstream products. We

show that the likelihood of duopoly as an optimal market structure is smaller as the retails goods become
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more homogeneous. When the products are very differentiated, a welfare maximizing regulator allows the

rival firm to enter the downstream firm to compete even if this firm is not sufficiently efficient. On the other

hand, when the products are close substitutes, the regulator prefers a monopoly where the more efficient

firm (either the incumbent or the entrant) serves the retail market. Although this is a common feature of the

optimal regulatory mechanism irrespective of whether the regulator may observe the marginal cost of the

entrant firm, under asymmetric information the requirements on efficiency for entry into the retail market are

more stringent. In other words, under asymmetric information, one observes suboptimal entry in the sense

that if the marginal cost of the entrant firm were observable then there should have been more types of this

firm competing in the retail market compared to the number of types that actually enter under asymmetric

information. Also, the likelihood of duopoly is lower under asymmetric information.1

The statutory rules of the competition and regulation authorities in almost all countries assert that

the access prices must be ‘transparent’ (that is, the access price must be purely cost-based) and ‘non-

discriminatory’(that is, the owner of the network can neither deny access to any competitor, nor practice

price discrimination with respect to the competitors’ demand and cost conditions).2 We further analyze the

optimal regulatory mechanism in which the regulator is constrained to offer a uniform access charge to the

entrant firm in the downstream market. We show that, under the non-discriminatory access charge con-

straint, a separating contract does not exist if the mechanism has to be incentive compatible. In other words,

a pooling contract for the entrant, i.e., uniform retail prices, is the only incentive compatible contract. Also,

in this situation there exists a cut-off level of the marginal cost of the entrant firm beyond which no types of

this firm enter the downstream market. To the best of our knowledge, this a new result in the literature on

the optimal design of access charges.

The main contributions of the present paper thus are two-fold. First, we derive the formulae for Ram-

sey prices and access charge under different regulatory regimes when the cost conditions of the entrant

firm is unknown to the regulator. This complements the earlier analyses in the extant literature (e.g.

Laffont and Tirole, 1994) of optimal access prices when there is no uncertainty about the technology of the

competitor. Second, our efficient retail and access prices also endogenize the downstream market structure

as under different parameter configurations either duopoly or monopoly is efficient.

There are two main reasons to use regulated Ramsey prices as opposed to average cost based prices (e.g.

Fjell, Foros, and Pal, 2010) in the present context. First, under unknown costs estimating demands are more

accurate than estimating costs. Ramsey prices are often criticized on the ground that regulatory mechanisms

based on demand elasticities are hard to implement especially in a very dynamic industry such as telecom-

munication where market conditions change rapidly. One way out is to allow the operators to choose prices

freely under the constraint of price caps. Laffont and Tirole (1996) argue that under global price caps, i.e.,

when the computation of price cap includes the access charge, prices chosen by the profit-maximizing firms

are equivalent to regulated Ramsey prices. Billette De Villemeur, Cremer, Roy, and Toledano (2003) also

show such equivalence in the context of access regulation in the postal sector. A second reason thus to use

Ramsey prices is that imposing a global price cap with appropriately chosen price-weights is a convenient

way to decentralize the implementation of elasticity-based welfare maximizing prices. The fully regulated

industry we consider – except for the entry decision of the competitor – is thus equivalent to an industry

subject to global price cap regulation.

1In a context where the government designs auction to reward production rights to a public and a private firms, Dana and Spier

(1994) find similar result.
2See, for example, the European competition directives on telecommunication (90/388/EEC), electricity (96/92/EC), gas

(2003/55/EC), rail (2002/14/EC) and postal services (96/67/EC) that include a ‘non-discrimination’ clause for access charges.

3



A paper related to our approach is De Fraja (1999), which considers competition in homogeneous retail

goods between an incumbent and entrant. The cost conditions of the incumbent firm is unknown, but the

regulator has perfect knowledge of the marginal cost of the entrant, a situation exactly opposite to that of

ours. As the goods are perfect substitutes, the optimal market structure (both under symmetric and asymmet-

ric information) is always monopoly of one of the firms. Under a regulatory mechanism with discriminatory

access price, De Fraja (1999) shows that the likelihood of monopoly of the rival firm increases under asym-

metric information, and hence the access regulation is ‘pro-competitive’. We obtain an opposite result since

the regulator does not observe the marginal cost of the rival, but possesses perfect knowledge about the

production technology of the incumbent. Lewis and Sappington (1999), on the other hand, considers a sim-

ilar approach to access pricing where the regulator is unaware of the production cost of the entrant firm.

In their model, the access charge is type-dependent, but the downstream market structure is exogenously

given where both the incumbent and the entrant produce positive quantity. Lewis and Sappington (1999)

show that the regulator tends to subsidize more the cost of access of the more efficient type of the entrant

in order to induce lower retail prices. The main differences of the their model with the current one are

the following. First, a duopoly as an optimal market structure is determined endogenously in our model.

Second, the regulator subsidizes the access to all types of firm 2 equally since the optimal access charge is

non-discriminatory.

Our approach is also related to the following literature on regulation of market structure. There is a

class of models (e.g. Auriol and Laffont, 1993; Dana and Spier, 1994; Jehiel and Moldovanu, 2004) which

assume that the regulator designs the market structure and selects the firms which are awarded the right to

operate in the retail market as a function of their reported costs. Another class of models consider situations

where the market structure is not designed by the regulator though the regulatory environment has a clear

influence on the competitors’ behavior, especially its entry decision. Caillaud (1990) considers competi-

tion between a regulated network-based firm and a competitive fringe that uses an alternative technology

to bypass the existing network. The fringe is active in this market depending on the cost of the alternative

technology and the regulated price of the network-based firm. Gautier and Mitra (2008) consider a homoge-

nous product environment where the option to bypass is not available to the competitors. Depending on

the incumbent’s regulated supply and the access conditions, an entrant may compete in or stay out of the

retail market. In their model, entry may not be efficient. In all these models, entry decisions are taken once

the regulatory mechanism is known but entry itself is not regulated. In that sense, the market structure is

endogenous.

2. The model

We consider an economy with two firms. Firm 1, the incumbent, is a vertically integrated firm which

owns a network good that cannot be cheaply duplicated, and produces a retail good/service. Firm 2 is a

potential competitor in the retail market that produces and sells an imperfect substitute of the retail good

produced by firm 1. Production of one unit of a retail good uses a unit of the network good. If the retail

market is served by at least one firm, the incumbent has to produce positive amount of the network for

which it incurs a fixed cost k0 and per unit cost c0 > 0. The production of the retail good i involves a

constant marginal cost ci > 0 for i = 1, 2. If firm i produces an amount xi ≥ 0 of its retail good, then the

total cost for firm 1 to provide network is k0 + c0(x1 + x2). If firm 2 operates in the retail market, it pays a

per unit access charge α to firm 1.

The cost parameters k0, c0 and c1 of the incumbent are publicly observable, but the entrant’s marginal

cost is private information. Let c1, c2 ∈ [c2, c̄2 ] where c2 ≥ 0. The parameter c2 has a distribution function
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G(c2) with density g(c2)> 0, and monotone hazard rate, i.e., m(c2) := G(c2)/g(c2) is increasing in c2. The

distribution of c2 is common knowledge.

Consumers have quasi-linear preferences. The utility of the consumers from the downstream products is

given by U(x1, x2). Demand functions for the retail goods xi(p1, p2) for i = 1, 2 are obtained by maximizing

U(x1, x2) net of the total expenditure, p1x1 + p2x2. We assume that ∂xi/∂ pi < 0, and ∂xi/∂ p j > 0 for

i, j = 1, 2 and i 6= j.3

We consider an economy where a utilitarian regulator sets the retail prices p1 and p2, and the access

charge α in order to maximize social welfare. The regulator also partly reimburses the incumbent the cost

of producing the network good via a lump-sum transfer t. Firm 1 directly receives the total access receipts

αx2 paid by the entrant. The amount to be reimbursed is raised through distortionary taxes on consumption,

and hence the welfare maximization problem induces Ramsey retail prices. In this environment, the only

decision the firms make is whether or not to sell a positive quantity of its retail good. Since this decision

follows the design of the regulatory mechanism, the structure of the retail market becomes endogenous. If

both firms produces strictly positive quantities of the retail good, then the equilibrium market structure is a

duopoly.

3. Optimal regulation under symmetric information

In this section, as a benchmark, we analyze the optimal regulatory mechanism and market structure

under symmetric information. When the marginal cost of firm 2 is publicly known, the objective of the

regulator is to maximize social welfare by offering a mechanism (p1, p2, α) that specifies the optimal retail

and access prices, and choosing which firm(s) must operate in the downstream market. Welfare is defined

as the sum of consumer surplus and profits of firms 1 and 2. We adopt the accounting convention that the

regulator collects the total sales revenue p1x1 of firm 1, and reimburses the incumbent for incurring the

total cost of producing the network via a monetary transfer t. This is of course without loss of generality.

In order to reimburse firm 1 for producing the essential input, the regulator must raise a total amount of

t + k0 + c0 (x1 + x2)− (p1 − c1)x1 through distortionary taxes. We assume that the regulator faces a shadow

cost of public funds λ > 0. This implies that if the regulator wants to raise $1 to reimburse the network

owner by taxing the consumers, then there is a loss of $(1+λ ) in the consumer surplus.4 The net consumer

surplus thus is given by:

V (p1, p2)≡U (x1, x2)− p1x1 − p2x2 − (1+λ ){t + k0 + c0(x1 + x2)− (p1 − c1)x1} . (1)

Given the regulatory mechanism, both the firms must break even. The regulator makes a transfer of amount

t to the incumbent firm and this firm is paid a total access receipt α x2 by the entrant. The sum of these two

terms, which is its profit, must be non-negative.

Π1(p1, p2, α) := t +α x2(p1, p2)≥ 0. (2)

The net profit of the entrant must also be non-negative, i.e.,

Π2(p1, p2, α) := (p2 − c2 −α)x2(p1, p2)≥ 0. (3)

3When the utility function is U(xi, x j), then Ui > 0, Uii,Ui j < 0 and |Uii|> |Ui j| are sufficient conditions for ∂xi/∂ pi < 0, and

∂xi/∂ p j > 0 for i, j = 1, 2 and i 6= j.
4We follow the same approach as Laffont and Tirole (1994) where the regulatory mechanism gives rise to Ramsey prices. In

an alternative but similar approach (e.g. Baron and Myerson, 1982) one may assume that the regulator attaches weights 1− γ to the

consumer surplus and γ to the producers surplus, but there are no distortionary taxes. The regulatory mechanism in such models

leads to marginal cost pricing, as opposed to Ramsey prices, under symmetric information.
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The above restrictions are the participation constraints of firms 1 and 2, respectively. Since along with

the mechanism (p1, p2,α), the regulator also aims at determining the optimal market structure, i.e., which

firm(s) must operate in the downstream market, the quantities produced must be non-negative, i.e.,

xi(p1, p2)≥ 0 (4)

For example, given the mechanism, if xi(p1, p2) = 0 and x j(p1, p2) > 0, then firm j is a monopolist in

the retail market. The optimal regulatory mechanism thus results from, subject to (2), (3) and (4), the

maximization of V +Π1 +Π2. Since public funds are costly (λ > 0), the participation constraint of firm

1 binds at the optimum. Also the access price α is set to ensure that firm 2 breaks even, and hence the

participation constraint of firm 2 is satisfied with equality. If one incorporates the above two (binding)

constraints into the regulator’s objective function, then it reduces to:

W (p1, p2) =U(x1(p1, p2), x2(p1, p2))− p1x1(p1, p2)− p2x2(p1, p2)

+ (1+λ ){p̂1x1(p1, p2)+ p̂2x2(p1, p2)− k0}, (WSI)

where p̂i := pi − c0 − ci for i = 1, 2. The regulator maximizes the above expression under the constraints

that xi(p1, p2)≥ 0 for i = 1, 2. If both x1 and x2 are strictly positive, then both firms produce strictly positive

quantities to serve the downstream demand, and the market structure is a duopoly. If firm 2 is active, i.e.,

x2 > 0, in the retail market (either as a duopolist or a monopolist) it pays an access charge to firm 1, which

is given by α = p2 − c2. The optimal retail prices p∗i for i = 1, 2 are a function of the marginal cost of firm

2, and hence are the equilibrium demands x∗i , i.e., and x∗i := x∗i (c2) for i = 1, 2. Let ci
2 be the cutoff value of

c2 at which the demand faced by firm i is zero, i.e., x∗i (c
i
2) = 0 for i = 1, 2. First, we prove a useful result

which is stated in the following lemma.

Lemma 1 Let x∗1 = x∗1(c2) and x∗2 = x∗2(c2) be the equilibrium demands of firm 1 and firm 2, respectively.

Then x∗1 is non-decreasing and x∗2 is non-increasing in c2.

Proof See Appendix. �

In the optimal mechanism under symmetric information the retail price of firm 1 is non-increasing and

that of firm 2 is non-decreasing in c2. The result follows from the facts that ∂xi/∂ pi < 0 and ∂xi/∂ p j > 0.

Further, define by:

η̂i ≡
ηi(ηiη j −ηi jη ji)

ηiη j +ηiηi j

for i, j = 1, 2, and i 6= j

the superelasticity of good i, where ηi and ηi j are respectively the own and cross price elasticity of good

i. The following proposition characterizes the optimal mechanism and market structures under symmetric

information.

Proposition 1 Let (p∗1, p∗2, α∗) be the optimal regulatory mechanism when the marginal cost of firm 2 is

publicly observable.

(1) The optimal mechanism under symmetric information is given by:

L∗
i :=

p∗i − c0 − ci

p∗i
=

λ

1+λ

1

η̂i

for i = 1, 2,

α∗ = c0 +
λ

1+λ

p∗2
η̂2

.

(2) The optimal market structures under symmetric information are given by the following three cases.

There exist c1
2, c2

2 ∈ [c2, c̄2 ] with c1
2 < c2

2 such that
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(2a) when c2 ≤ c1
2, then the optimal market structure is the monopoly of firm 2;

(2b) when c2 ∈ (c1
2, c2

2), the optimal market structure is duopoly;

(2c) when c2 ≥ c2
2, the optimal market structure is the monopoly of firm 1.

Proof See Appendix. �

When firm i is active in the downstream market, its Lerner index Li is inversely proportional to its

superelasticity η̂i, which captures the fact that the firms produce and sell imperfect substitutes in the retail

goods market.5 The optimal access charge is given by the sum of the marginal cost c0 of producing the

network good and the Ramsey term that depends on the retail price and the superelasticity of good 2. The

optimal transfer to the incumbent firm is given by the following condition:

t∗+α∗x2(p∗1, p∗2) = 0.

Since α∗ and x∗2 are positive, the optimal transfer t∗ is clearly negative. The fact that c1
2 < c2

2 follows directly

from Lemma 1. Assume c2 = c1. Since the retail goods are imperfect substitutes and there are no fixed costs

associated with entry, the duopoly is the optimal market structure, i.e., x∗i > 0 for i = 1, 2. Now increase c2

a bit from c1. Due to Lemma 1, x∗1 will increase and x∗2 will decrease from their initial levels. Increasing

further the value of c2 we will thus arrive at x∗2 = x∗2(c
2
2) = 0 which implies c1 < c2

2. In a similar fashion by

decreasing c2 from c1, we can show that c1
2 < c1. Therefore, c1

2 < c1 < c2
2.

Now suppose that the demand functions for the retail goods 1 and 2 are linear, and are given by:6

xi(pi, p j) =
1

1−β 2
[a− pi −β (a− p j)] for i, j = 1, 2 and i 6= j. (5)

The parameter β represents the degree of substitutability and we assume that the goods are imperfect sub-

stitutes, that is β ∈ (0,1). Thus, higher values of β imply that the degree of substitutability is higher across

retail goods. It is easy to show, under linear demands, that

c1
2 =

1

β
[c1 − (1−β )(a− c0)]< c1,

c2
2 = βc1 +(1−β )(a− c0)> c1.

Notice that c1
2 is increasing and c2

2 is decreasing in β , i.e., as the retail goods become close substitutes, the

likelihood of duopoly in equilibrium diminishes. In the polar case when β = 1, c1
2 = c2

2 = c1, i.e., when the

products are perfect substitutes, duopoly is never an optimal market structure, and the retail market is served

by the more efficient firm. These findings are summarized in the following corollary.

Corollary 1 Suppose the demand functions are linear, and given by (5). Then as the degree of product

substitutability increases, a duopoly as an optimal market structure becomes less likely. If, at the limit, the

products are perfect substitutes and c1 < (>)c2, then the incumbent (entrant) serves the entire retail market.

5The representation of the optimal prices as in the above proposition is quite standard (e.g. Laffont and Tirole, 1994).
6The linear demand functions are obtained by maximizing the following quadratic utility function:

U (x1, x2) = a(x1 +x2)−
1

2

(
x2

1 +x2
2

)
−βx1x2 ,

with a ≥ c0 +c1 and β ∈ (0, 1). For the derivation of the demand functions, see Singh and Vives (1984).

7



Proof See Appendix. �

Obviously, when the products become very heterogeneous, i.e., β decreases, a duopoly is more likely to

emerge as an optimal market structure. In the limiting case when β → 0, duopoly becomes the only optimal

market structure.

4. Optimal regulation under asymmetric information

In this section we assume that the regulator knows only the distribution function G(c2) of the marginal

cost of firm 2, not the true value of c2. Since the marginal cost of firm 2 is not publicly observable, there is a

potential adverse selection problem. A direct regulatory mechanism, denoted by Γ(c2)= (p1(c2), p2(c2), α(c2)),
will be offered on the basis announced marginal cost of firm 2.7 The regulator chooses the retail prices and

the access charge in order to maximize the expected social welfare. After being offered the regulatory mech-

anism, the firms decide whether to produce or not. Therefore, as in the case of symmetric information, the

regulator also indirectly decides on the cut-offs for the optimal market structures.

4.1. The optimal regulatory mechanism: menu contracts

Because of the potential adverse selection problem due to the non-observability of c2, an optimal regu-

latory mechanism must be incentive compatible, i.e., in a direct mechanism firm 2 must truthfully reveal its

marginal cost. We first analyze an optimal incentive compatible mechanism. Define by

Π2(c
′
2, c2) := [p2(c

′
2)− c2 −α(c′2)]x2(p1(c

′
2), p2(c

′
2)),

which is the profit of firm 2 if it announces to have a marginal cost c′2 when its true marginal cost is c2.

Further, let Π2(c2) := Π2(c2, c2). An optimal regulatory mechanism [under asymmetric information] solves

the following maximization problem.

max
{p1(c2), p2(c2),α(c2)}

∫ c̄2

c2

V (p1(c2), p2(c2))dG(c2)

+

∫ c̄2

c2

Π1(p1(c2), p2(c2), α(c2))dG(c2)

+

∫ c̄2

c2

Π2(c2)dG(c2) (WAI)

subject to

Π1(p1(c2), p2(c2), α(c2))≥ 0 for all c2 ∈ [c2, c̄2], (PC1)

Π2(c2)≥ 0 for all c2 ∈ [c2, c̄2], (PC2)

Π2(c2)≥ Π2(c
′
2, c2) for all c2, c′2 ∈ [c2, c̄2], (IC2)

x1(p1(c2), p2(c2))≥ 0 for all c2 ∈ [c2, c̄2], (NN1)

x2(p1(c2), p2(c2))≥ 0 for all c2 ∈ [c2, c̄2], (NN2)

The first two constraints are the participation constraints of the firms which say that each firm must earn

non-negative profits. The third constraint is the incentive compatibility of firm 2 which asserts that this firm

7In general, one should also include t(c2), the transfer to the incumbent firm in the mechanism. Since our objective is to

analyze the optimal retail and access prices, to save on notations we omit t(c2) from the arguments of Γ(c2).
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will truthfully reveal its type. The constraints (NN1) and (NN2) are the non-negativity restrictions on retail

outputs. A regulatory mechanism Γ(c2) that satisfies (PC1)-(NN2) is called a feasible mechanism. Prior to

analyzing the optimal regulatory mechanism, in the following lemma we characterize a feasible mechanism.

Lemma 2 A regulatory mechanism Γ(c2) is feasible if and only if it satisfies the following conditions for all

c2 ∈ [c2, c̄2]:

(a) xi(c2) := xi(p1(c2), p2(c2))≥ 0 for i = 1, 2;

(b) Π1(p1(c2), p2(c2), α(c2))≥ 0;

(c) Π2(c̄2)≥ 0;

(d) x2(c2) is non-increasing in c2;

(e) Π′
2(c2)+ x2(c2) = 0.

Proof See Appendix. �

The above are a standard result in the mechanism design literature (e.g. Baron and Myerson, 1982;

Guesnerie and Laffont, 1984), which are useful for the subsequent analysis. Conditions (a) and (b) are sim-

ply the constraints (NN1), (NN2) and (PC1) rewritten. Condition (c) asserts that, given a feasible mechanism,

even the most inefficient type of firm 2 makes non-negative profits. Condition (d) is a monotonicity condi-

tion. Intuitively, if firm 2 reports a high marginal cost of production, then it must sell a lower quantity in the

retail market since producing a higher quantity would be inefficient from view point of social welfare. Since

x2(c2) is a non-increasing function of c2, it is differentiable almost everywhere in [c2, c̄2]. The last condition

is called the local incentive compatibility constraint. Notice that the incentive compatibility constraint (IC2)

is equivalent to:

Π2(c2) = max
c′2

Π2(c
′
2, c2). (IC′

2)

The local incentive compatibility constraint is precisely the first-order condition of the above maximiza-

tion problem of the entrant firm, which must be satisfied at c′2 = c2. The second-order condition of the

maximization problem, evaluated at c′2 = c2, is given by:

Π′′
2(c2)+2x′2(c2)≤ 0. (SOC)

Local incentive compatibility implies that Π′′
2(c2) =−x′2(c2), and hence x′2(c2)≤ 0 is a necessary and suffi-

cient condition for (SOC) to hold. It also follows from condition (e) of the above lemma that

Π2(c2)−Π2(c̄2) =

∫ c̄2

c2

x2(θ)dθ ≡ R(c2). (R)

The term R(c2) is the informational rent of each type c2 < c̄2 of firm 2. Clearly, this rent is zero for the least

efficient type of firm 2, i.e., c2 = c̄2. Now consider any c2 ∈ [c2, c̄2]. Since c1 is known, the regulator will

set Π1 = 0 which implies that

t(c2) =−α(c2)x2(c2) = Π2(c2)− [p2(c2)− c2]x2(c2).

Using the above along with Π1 = 0, we get the expression for welfare as follows:

W (p1(c2), p2(c2), α(c2)) =V (p1(c2), p2(c2))+Π2(p1(c2), p2(c2), α(c2))

=U(x1(p1(c2), p2(c2)), x2(p1(c2), p2(c2)))

−{p1(c2)x1(p1(c2), p2(c2))+ p2(c2)x2(p1(c2), p2(c2))}

+(1+λ ){p̂1(c2)x1(p1(c2), p2(c2))+ p̂2(c2)x1(p1(c2), p2(c2))}

− (1+λ )k0 −λΠ2(c2), (6)

9



where p̂i(c2) := pi(c2)− c0 − ci for i = 1, 2. Since Π2 enters the objective function with a negative sign, we

must have Π2(c̄2) = 0. Condition (R) implies that the participation constraint (PC2) is always satisfied, and

hence can be ignored. Integrating by parts condition (R) over c2, we obtain

∫ c̄2

c2

Π2(c2)dG(c2) =

∫ c̄2

c2

x2(c2)m(c2)dG(c2). (⋆)

Using the above facts, the regulator’s objective function reduces to:

∫ c̄2

c2

Ŵ (p1(c2), p2(c2))dG(c2), (W′
AI)

where Ŵ (p1(c2), p2(c2)) is equal to the following expression:

U(x1(p1(c2), p2(c2)), x2(p1(c2), p2(c2)))

− p1(c2)x1(p1(c2), p2(c2))− p2(c2)x2(p1(c2), p2(c2))

+ (1+λ ){p̂1(c2)x1(p1(c2), p2(c2))+ p̂2(c2)x2(p1(c2), p2(c2))− k0}

−λx2(p1(c2), p2(c2))m(c2).

Notice that the objective function is now independent of α(c2). Hence, the constrained welfare maximiza-

tion problem reduces to the maximization of (W′
AI) with respect to p1(c2) and p2(c2) subject to the non-

negativity constraints (NN1) and (NN2). Solving the above maximization problem, we first find the optimal

values of p1(c2) and p2(c2), and the cut-offs ĉ1
2 and ĉ2

2 for the optimal market structures where xi(ĉ
i
2) = 0 for

i = 1, 2. In order to find the optimal regulatory mechanism, it only remains to determine the optimal access

charge α(c2), which solves equation (R) and is given by:

α(c2)x2(c2) = [p2(c2)− c2]x2(c2)−R(c2) . (A)

Finally, define by

z(c2) := c2 +
λ

1+λ
m(c2),

the virtual type (or marginal cost) of firm 2. Notice that z(c2) ≥ c2 for all c2 with equality at c2 = c2.

The following proposition characterizes the optimal mechanism and market structures under asymmetric

information.

Proposition 2 Let (p1(c2), p2(c2), α(c2)) be the optimal regulatory mechanism when the regulator cannot

observe the marginal cost of firm 2.

(1) The optimal mechanism is given by:

L1(c2) :=
p1(c2)− c0 − c1

p1(c2)
=

λ

1+λ

1

η̂1(c2)
,

L̂2(c2) :=
p2(c2)− c0 − z(c2)

p2(c2)
=

λ

1+λ

1

η̂2(c2)
,

α(c2) = c0 +
λ

1+λ

p2(c2)

η̂2(c2)
+ [z(c2)− c2]−

R(c2)

x2(c2)
.

(2) The optimal market structures under asymmetric information are given by the following three cases.

There exist ĉ1
2, ĉ2

2 ∈ [c2, c̄2 ] with ĉ1
2 < ĉ2

2 such that

(2a) when c2 ≤ ĉ1
2, then the optimal market structure is the monopoly of firm 2;
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(2b) when c2 ∈ (ĉ1
2, ĉ2

2), the optimal market structure is duopoly;

(2c) when c2 ≥ ĉ2
2, the optimal market structure is the monopoly of firm 1.

Proof See Appendix. �

The optimal values of the Lerner indices under asymmetric information depend on the marginal cost of

firm 2 since the retail prices and quantities are now type-dependent. The Lerner index of firm 1 is similar

to that under symmetric information. But it is different for the entrant firm whenever it is active in the

downstream market. Notice that L̂2(c2) in the above proposition is the virtual value of L2(c2) since the

former depends on z(c2). The true Lerner index of firm 2, given its true type, can be written as

L2(c2) :=
p2(c2)− c0 − c2

p2(c2)
=

λ

1+λ

1

η̂2(c2)︸ ︷︷ ︸
Ramsey term

+
λ

1+λ

m(c2)

p2(c2)︸ ︷︷ ︸
Incentive-correction term

,

which is composed of a standard Ramsey term and an incentive-correction term. Notice first that for the

most efficient type of firm 2, i.e., c2 = c2, the true and virtual values coincide implying the ‘no distortion at

the top’ property. This is because there is no incentive correction necessary for the most efficient entrant.

For the other types of firm 2 such correction is necessary because of the informational costs due to private

information imposed by these types. When the entrant announces that it is of type c2, the regulator offers

a mechanism which is meant for its virtual value z(c2), which is greater than c2, because he is interested in

reducing such informational costs. Note also that the optimal type-dependent access charge also consists

of an incentive correction term which is the sum of z(c2)− c2 and R(c2)/x2(c2), apart from the standard

Ramsey markup term. Finally, as in Proposition 1, using Lemma 1, we can show that ĉ1
2 < ĉ2

2, i.e., there the

duopoly is an optimal market structure with a positive probability.

4.2. The optimal market structures

Proposition 2 suggests that when firm 2 is very efficient, i.e., c2 ≤ ĉ1
2, it will serve the retail market

as a monopolist. On the other hand, for very high levels of inefficiency, firm 2 stays out of business. For

intermediate values of efficiency, the optimal market structure is a duopoly. We will now compare these

cut-off values with those obtained under symmetric information. Observe that informational asymmetry is

equivalent to an increase in the entrant’s marginal cost equal to z(c2)− c2, and hence xi > 0 for i = 1, 2 if

z(c2) ∈ (c1
2, c2

2). Then by definition, z(ĉi
2) = ci

2, which implies

z(ĉi
2)− ĉi

2 = ci
2 − ĉi

2 =
λ

1+λ
m(ĉi

2)> 0 =⇒ ĉi
2 < ci

2. (7)

Also, since m(c2) is increasing in c2 and ĉ1
2 < ĉ2

2, from the above equation we have

ĉ2
2 − ĉ1

2 < c2
2 − c1

2. (8)

The above findings are stated in the following proposition.

Proposition 3 As compared with the equilibrium under symmetric information, the optimal regulatory

mechanism under asymmetric information implies that

(a) there is always suboptimal entry and firm 2 is less likely to be a monopolist in the retail market;

(b) the likelihood of duopoly as an optimal market structure is smaller.
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The probability under which firm 2 is allowed to operate in the retail market is given by G(ĉ2
2) which is lower

than G(c2
2), the probability under which firm 2 would have been allowed to enter the downstream market

if its marginal cost were publicly observable. This occurs because of the private information possessed by

this firm. Under symmetric information, the regulator designs the optimal mechanism taking the true value

of the marginal cost of firm 2 into account; whereas, he takes the virtual marginal cost into account under

the non-observability of c2. Hence, entry is always suboptimal in the sense that a lower fraction of firm 2 is

allowed to enter the retail market relative to the symmetric information equilibrium. In designing the optimal

mechanism, the regulator clearly faces a trade-off between the efficiency of production of the retail goods

and competitiveness of the retail market. When efficiency is a concern for the regulator, and he does not

have perfect knowledge about the cost conditions of the rival firm, he is reluctant to let the more inefficient

types of firm 2 operate in the downstream market. On the other hand, since ĉ1
2 < c1

2, the likelihood of the

monopoly of firm 2 is also smaller. In this sense the optimal regulatory mechanism with non-discriminatory

access charge is efficient but ‘anti-competitive’.

Notice also that the likelihood of a duopoly as an optimal market structure is also smaller under asym-

metric information since

G(ĉ2
2)−G(ĉ1

2)< G(c2
2)−G(c1

2).

The term in the left-hand-side of the above inequality is the probability of duopoly under asymmetric in-

formation, while that in the right-hand-side is the probability of duopoly in the symmetric information

equilibrium. Under the optimal regulatory mechanism with non-observability of marginal cost, firm 2 needs

to be relatively more efficient to enter the retail market as well as to serve the market as a monopolist. In a

context where the government designs auction to reward production rights to firms, Dana and Spier (1994)

find similar result. Notice also that inequality (8) is equivalent to

c1
2 − ĉ1

2 < c2
2 − ĉ2

2,

i.e., the regulator requires firm 2 to be relatively more efficient [compared with the case of symmetric

information] in order to let the firm enter the market than to let it operate as a monopolist . This is because

the efficiency costs due to informational asymmetry is higher when c2 is relatively high. The following

figure summarizes the above findings.

[Insert Figure 1 about here]

Conclusions similar to Corollary 1 can be drawn if we assume that the demand functions are linear as

specified in (5). We further assume that G(·) is a Uniform cumulative distribution function. With linear

demands it is easy to compute the cut-off values for the optimal market structures, which are given by:

ĉi
2 ≡

(
1+λ

1+2λ

)
ci

2 +

(
λ

1+2λ

)
c2 for i = 1, 2. (9)

Notice first that

c2
2 − ĉ2

2 =
λ

1+2λ

{
c2

2 − c2

}
. (10)

Since under linear demands, c2
2 is decreasing in β , the term in the left-hand-side of the above equation,

which is the measure of inefficiency due to suboptimal entry, also decreases in β . Further, the equality

in (8) implies that whenever c2
2 − c1

2 → 0 the difference ĉ2
2 − ĉ1

2 also goes to 0. We know that the first

difference of cut-offs decreases with β , and hence a higher β also implies a lower probability of duopoly

under asymmetric information. Therefore,
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Proposition 4 When the demand functions of the retail goods are linear and the marginal cost of the entrant

firm is uniformly distributed, an increase in the degree of product substitutability implies (a) a decrease in

the inefficiency of entry, and (b) a smaller likelihood of duopoly under asymmetric information.

It is worth noting that, although the inefficiency of entry decreases as the retail products become more

homogeneous, such inefficiency cannot be completely eliminated. Notice that c2
2 = c1 for β = 1, and hence

the difference in (10) remains strictly positive unless c1 = c2. In other words, if firm 1 is more efficient

that the most efficient type of firm 2, the regulator will always deter entry of some types of the rival firm.

Duopoly as an optimal market structure under asymmetric information disappears in the polar case when

the products are perfect substitutes as has been the case with symmetric information. Notice that, at β = 1,

ĉ1
2 = ĉ2

2 =

(
1+λ

1+2λ

)
c1 +

(
λ

1+2λ

)
c2 < c1,

which implies that even if monopoly is optimum, if firm 2 wants to serve the retail market it has to be

‘much more’ efficient compared to the incumbent firm. Note that, under symmetric information, c2 < c1

was sufficient for firm 2 to be the monopolist. But under asymmetric information, the cost differential has

to be much larger, i.e., ‘just being more efficient’ is not sufficient for firm 2 to drive the incumbent out of

business in the retail market.

5. Regulation under non-discriminatory access charge: pooling contracts

In the previous section we have analyzed the optimal regulatory mechanism when the marginal cost of

the entrant firm is unknown to the regulator. The optimal retail prices at the downstream market and the

access charge have been shown to be dependent on the types or marginal cost of firm 2. In most of the

countries type-dependent access charges are often deemed discriminatory as different types of users of the

same services are obliged to pay different access charges. In other words, the access price charged to the

entrant firm cannot be made contingent on the revealed cost of this firm.8

Lemma 2 and condition (R) together imply that a regulatory mechanism under symmetric information

with type-dependent retail prices and a uniform access charge is clearly not incentive compatible. In other

other words, access charge must be discriminatory along with type-dependent retail prices in order to guar-

antee information disclosure by the entrant firm. The following lemma shows, in an incentive compatible

mechanism, that the regulated retail prices must also be type-independent if the regulator is constrained to

offer a non-discriminatory access charge to firm 2.

Lemma 3 In an incentive compatible regulatory mechanism the retail prices p1 and p2 must be constant

with respect to c2 if the regulator is constrained to offer a uniform access charge. Moreover, there exists a

8Discrimination in access is a sensible issue, especially when the access provider offers also competing downstream services.

Whether second degree price discrimination (menu pricing) should be considered as discriminatory is an issue of debate. In 1998,

Deutsche Bahn, the German train operator, introduced TPS 98 access tariff, which included two possible payment options for using

the rail tracks: a two-part tariff and a flat charge. The Bundeskartellampt, the German Cartel Office, considered this scheme as

discriminatory on the grounds that marginal and average prices differed across companies. Following that, Deutsche Bahn replaced

this payment scheme by a single tariff (see Pittman, 2004). According to Article 102(c) of the European Treaty, the application by

a dominant firm of dissimilar trading conditions to equivalent transactions is prohibited if it places some firms at a competitively

disadvantageous position. This, per se, does not rule out second degree price discrimination by the access provider. However, the

European Commission and the European Court of Justice have always taken a tough stance on discriminatory prices adopted by

dominant firms which are not justified by cost saving (Motta, 2004, p. 499).
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unique cut-off level c̃2 of the marginal cost of firm 2 such that no types of this firm with c2 ≥ c̃2 enter the

retail market.

Proof Notice first that, under a non-discriminatory access charge, i.e., α(c2) = α for all c2, a given type

c2 of firm 2 will enter the retail market if this type makes a strictly positive profit, i.e.,

(p(c2)− c2 −α)x2(c2)> 0.

The above inequality defines the cut-off c̃2 beyond which no types of firm 2 enter the downstream market.

The cut-off is determined by:

p2 − c̃2 −α = 0. (11)

Then condition (R) reduces to:

(p2(c2)− c2 −α)x2(c2) =
∫ c̃2

c2

x2(θ)dθ for all c2 ∈ [c2, c̃2).

The above implies that α = p(c̃2)− c̃2. Substituting for α in the incentive compatibility constraint of any

c2 ∈ [c2, c̃2) we get:

(c̃2 − c2)x2(c2)− (p2(c̃2)− p2(c2))x2(c2) =
∫ c̃2

c2

x2(θ)dθ (12)

=⇒

∫ c̃2

c2

[(
1−

d p2(θ)

dθ

)
x2(c2)− x2(θ)

]
dθ

︸ ︷︷ ︸
H(c2)

= 0 for all c2 ∈ [c2, c̃2).

From the above it follows that

dH(c2)

dc2
=−

[(
1−

d p2(c2)

dc2

)
x2(c2)− x2(c2)

]
= 0 for all c2 ∈ (c2, c̃2),

=⇒

[
d p2(c2)

dc2

]
x2(c2) = 0,

=⇒
d p2(c2)

dc2
= 0 for all c2 ∈ (c2, c̃2)

since x2(c2)> 0. The above implies that p2(c2) = p2(c̃2) for all c2 ∈ [c2, c̃2) which proves that p2 is constant

with respect to c2. Then from condition (12) we get:

(c̃2 − c2)x2(c2) =

∫ c̃2

c2

x2(θ)dθ ,

=⇒

∫ c̃2

c2

x2(c2)dθ =

∫ c̃2

c2

x2(θ)dθ ,

⇐⇒

∫ c̃2

c2

[x2(c2)− x2(θ)]dθ = 0.

Since x2(c2)≥ x2(θ) for all θ ∈ [c2, c̃2) and
∫ c̃2

c2
[x2(c2)− x2(θ)]dθ = 0, it follows that x2(c2) = x2(θ) for all

θ ∈ [c2, c̃2). Moreover, since the last argument is true for c2 = c2, it follows that x2(c2)≡ x2(p1(c2), p2(c2))=
x2(p1, p2) for all c2 ∈ [c2, c̃2). Finally, since x2(c2) = x2 and p2(c2) = p2 for all c2 ∈ [c2, c̃2), it must be the

case that p1(c2) = p1 for all c2 ∈ [c2, c̃2). �
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Clearly, any type of firm 2 with marginal cost higher than c̃2 will make non-positive profits, and will not

enter the retail market. All types that enter the market receive a contract where the retail prices and the access

charge are not type-dependent. In other words, the optimal regulatory mechanism offers a pooling contract,

which is trivially incentive compatible, as opposed to a separating contract described in the previous section.

The intuition is as follows. As in any adverse selection setup when the type space is one dimensional, the

regulator requires two instruments, namely x2(c2) and α(c2), in order to guarantee information disclosure

and participation by firm 2. A uniform access charge implies that the regulator lacks sufficient instruments,

and hence the only way to make the mechanism incentive compatible is to offer a pooling contract to the

entrant. Notice also that, for the regulator, choosing a uniform access price is equivalent to choosing the

cut-off c̃2. Therefore, the retail market is a duopoly with probability G(c̃2).
9

Using equation (11), the expression for the expected welfare reduces to:

W̃ (p1, p2, c̃2) = U(x1(p1, p2), x2(p1, p2))− p1x1(p1, p2)− p2x2(p1, p2)

+ (1+λ )[p̂1x1(p1, p2)+{(p2 − c0)G(c̃2)−µ(c̃2)}x2(p1, p2)− k0]

which the regulator maximizes with respect to p1, p2 and c̃2. The term µ(c̃2) is given by:

µ(c̃2) :=

∫ c̃2

c2

z(c2)dG(c2) = G(c̃2)E[z(c2) | c2 < c̃2],

where E[z(c2) | c2 < c̃2] is the conditional expectation of z(c2) for c2 < c̃2. The following proposition

describes the optimal retail and access prices in the optimal regulatory mechanism in which the regulator is

constrained to offer a uniform access charge.

Proposition 5 Let (p1, p2, α) be the optimal regulatory mechanism when the regulator cannot observe

the marginal cost of firm 2, and is obliged to offer a uniform access charge to the entrant. The optimal

mechanism is given by:

L1 :=
p1 − c0 − c1

p1
=

λ

1+λ

1

η̂1
,

L̃2 :=
G(c̃2){p2 − c0 −E[z(c2) | c2 < c̃2]}

p2
=

λ

1+λ

1

η̂2
,

α = c0 +[z(c̃2)− c̃2],

where c̃2 solves p2 − c0 − z(c̃2) = 0.

Proof See Appendix. �

The Lerner index of the incumbent firm is the same as the one under symmetric information since there

is no uncertainty over the technology of the incumbent firm and the regulatory mechanism does not depend

on c2. The Lerner index of firm 2 is expressed in terms of its expected virtual marginal cost conditional on

entry. This is because the types of firm 2 that enter the downstream market, i.e., c2 < c̃2 are pooled in the

optimal regulatory mechanism. Finally, the optimal access charge comprises of a mark-up over and above

the marginal cost of producing the bottleneck input, which is equal to z(c̃2)− c̃2.

At this juncture, a few caveats are warranted.

9It is difficult to compare the likelihood of duopoly under uniform access charge with that under menu contracts since they are

determined by two different sets of conditions. It can be shown that under linear demand system and uniform distribution of c2,

duopoly is less likely in the pooling mechanism than under the separating mechanism for some particular parameter configurations,

but any general conclusions in this regard are hard to draw.
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• When the regulator must offer a uniform access charge, an incentive compatible mechanism is nec-

essarily a pooling mechanism, i.e., the retail prices and access charge are independent of c2. An

interesting question is to ask if, under a constraint of a non-discriminatory access charge, is there a

way for the regulator to offer a separating mechanism which is incentive compatible. It turns out that

for a separating mechanism is to be optimal, the regulator needs another instrument to regulate firm 2,

for instance the possibility to offer a type-contingent transfer to the entrant firm. Our objective is not

to analyze the optimality of a separating mechanism, rather we are interested in analyzing the effects

of uniform access charge on the efficient Ramsey prices, and their implications for the structure of the

retail market as a non-discriminatory access constraint is often imposed to have a “fair” competition

at the downstream level.

• Which of the two incentive compatible mechanisms (discriminatory or uniform) yields higher social

welfare would also be an interesting research question. Often such comparison is called for in the

context of cost based pricing. Fjell, Foros, and Pal (2010) show that when optimal access prices are

based on average costs, under certain conditions, welfare under endogenous access charge is higher

than that under exogenous (non-discriminatory) access price. In the present context such welfare

comparison is not feasible since the optimal mechanisms under different regulatory regimes emerge

under different sets of constraints.

6. Conclusions

In this paper we have analyzed how a utilitarian regulator determines the optimal retail and access

prices when he is uncertain about the cost of producing the retail good by a potential competitor. Since the

incumbent and entrant firms decide on how much to produce after observing the regulatory mechanism, the

structure of the downstream market is endogenous. Whether a duopoly or a monopoly would emerge as

an optimal market structure depends on the difference in efficiency of the firms that serve the downstream

market. In a simple model where the downstream segment of a network industry consists of two firms, we

have shown that if the entrant firm is neither too efficient nor too inefficient, it is optimal to allow both the

firms to serve the retail market. In the polar case when the products are perfect substitutes (as shown in the

case when the demands are linear), the retail market is served by only one firm depending on which firm is

more efficient. When the marginal cost of the entrant is not publicly observable, the requirements on cost

conditions for entry are more stringent since one of the objectives of the regulatory mechanism is to reduce

inefficiency due to private information of the entrant firm. Therefore, the welfare maximizing retail prices

are Ramsey prices which the regulator designs to fine-tune the nature of downstream competition.

The main focus of the current paper has been on the design of optimal regulatory mechanisms when the

regulator cannot observe the entrant’s cost of production. In a regulated industry, the regulator designs the

retail prices and access charge which depend on the marginal cost of the entrant firm. Since the design of

optimal retail prices aims at elicit private information regarding the production technology the entrant firm,

these prices are Ramsey prices that take into account the costs imposed by informational asymmetry. We

consider also uniform access pricing scheme simply because a type-dependent access price is often viewed

as a discriminatory practice by the regulation and competition authorities. We have shown that under a

non-discriminatory access charge, the only incentive compatible mechanism is a pooling mechanism which

implies that the retail prices are also independent of the types of the entrant firm.

As efficiency and endogenous market competition are the main concerns of our approach to the pricing

of access to bottleneck inputs, the optimal pricing rule has some flavor of the efficient component pricing

rule (ECPR). We improve upon such pricing rules in the following ways: (a) our rule is efficient because
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it maximizes the expected social welfare by taking into account the social opportunity cost of network

provision (the shadow cost of public funds influences the pricing rules), and (b) our access pricing formula

can be implemented in a second-best world with differentiated products, a situation in which the regulator

would not be able to implement the simplest version of the ECPR.
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Appendix

Proof of Lemma 1

Consider the constrained welfare maximization problem which is given by:

max
{p1, p2}

W (p1, p2; c2),

subject to x1(p1, p2)≥ 0,

x2(p1, p2)≥ 0.

The Lagrange function is given by:

L (p1, p2; c2) =W (p1, p2; c2)+ γ1x1(p1, p2)+ γ2x2(p1, p2),

where γ1 and γ2 are the corresponding Lagrange multipliers. By Envelope theorem, we have

∂L

∂c2
=−(1+λ )x2(p1, p2).

Then,

∂ 2L

∂ p1∂c2
=−(1+λ )

∂x2

∂ p1
< 0,

∂ 2L

∂ p2∂c2
=−(1+λ )

∂x2

∂ p2
> 0,

i.e., L (p1, p2; c2) has decreasing differences in (p1, c2) and increasing differences in (p2, c2). From Topkis

(1998, chapter 2) it follows that p∗1 is non-increasing and p∗2 is non-decreasing in c2.10 Given the above,

notice that

∂x∗1
∂c2

=
∂x∗1
∂ p1

∂ p∗1
∂c2

+
∂x∗1
∂ p2

∂ p∗2
∂c2

≥ 0,

∂x∗2
∂c2

=
∂x∗2
∂ p1

∂ p∗1
∂c2

+
∂x∗2
∂ p2

∂ p∗2
∂c2

≤ 0.

The above hold since ∂x∗i /∂ pi < 0 and ∂x∗i /∂ p j > 0 for i 6= j.

Proof of Proposition 1

Consider the demand functions x1(p1, p2) and x2(p1, p2) of firms 1 and 2. We assume that ∂xi/∂ pi < 0 for

i = 1, 2, and ∂xi/∂ p j > 0 for i 6= j. We also assume the required properties of the demand functions such

that the welfare function W (p1, p2) is concave. The welfare maximization problem of the regulator is given

by:

max
{p1, p2}

W (p1, p2) =U(x1(p1, p2), x2(p1, p2))− p1x1(p1, p2)− p2x2(p1, p2)

+ (1+λ ){p̂1x1(p1, p2)+ p̂2x2(p1, p2)− k0} (WSI)

subject to x1(p1, p2)≥ 0, (NN1)

x2(p1, p2)≥ 0. (NN2)

10A function f (x, c) has increasing (decreasing) differences in (x, c) if fxc(x, c)> (<)0.
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Let γ1 and γ2 be the Lagrange multipliers associated with (NN1) and (NN2). The Kuhn-Tucker conditions

are given by:

[(1+λ )p̂1 + γ1]
∂x1(p1, p2)

∂ p1
+[(1+λ )p̂2 + γ2]

∂x2(p1, p2)

∂ p1
=−λx1(p1, p2), (FOC1)

[(1+λ )p̂1 + γ1]
∂x1(p1, p2)

∂ p2
+[(1+λ )p̂2 + γ2]

∂x2(p1, p2)

∂ p2
=−λx2(p1, p2), (FOC2)

x1(p1, p2)≥ 0, γ1 ≥ 0, γ1x1(p1, p2) = 0, (FOC3)

x2(p1, p2)≥ 0, γ2 ≥ 0, γ2x2(p1, p2) = 0. (FOC4)

Consider now the following cases:

Case 1: Monopoly of the entrant firm, i.e., x1(p1, p2) = 0 and x2(p1, p2) > 0. Then γ1 ≥ 0 and γ2 = 0.

Then conditions (FOC1) and (FOC2) reduce to:

(1+λ )

[
p̂1

∂x1(p1, p2)

∂ p1
+ p̂2

∂x2(p1, p2)

∂ p1

]
=−γ1

∂x1(p1, p2)

∂ p1
(FOC′

1)

(1+λ )

[
p̂1

∂x1(p1, p2)

∂ p2
+ p̂2

∂x2(p1, p2)

∂ p2

]
=−γ1

∂x1(p1, p2)

∂ p2
−λx2(p1, p2) (FOC′

2)

Remember that Li pi = p̂i := pi − c0 − ci for i = 1, 2. From the above, we have

λx2

∂x1/∂ p2
+(1+λ )

[
p̂2

∂x2/∂ p2

∂x1/∂ p2
+ p̂1

]
= (1+λ )

[
p̂2

∂x2/∂ p1

∂x1/∂ p1
+ p̂1

]

=⇒
λx2

∂x1/∂ p2
+(1+λ )p̂2

[
∂x2/∂ p2

∂x1/∂ p2
−

∂x2/∂ p1

∂x1/∂ p1

]
= 0

⇐⇒ L2 p2

[
∂x2/∂ p1

∂x1/∂ p1

∂x1

∂ p2
−

∂x2

∂ p2

]
=

λx2

1+λ

⇐⇒ L2

[
p2

x2

∂x2/∂ p1

∂x1/∂ p1

∂x1

∂ p2
−

p2

x2

∂x2

∂ p2

]
=

λ

1+λ
(13)

Now analyze the term inside the square brackets in (13). Notice in equilibrium that x1(p1, p2) = 0 which

defines implicitly p1 as a function p1(p2) of p2. Then p′1(p2) is given by:

− p′1(p2) =
∂x1/∂ p2

∂x1/∂ p1
. (14)

Hence the term inside the square brackets becomes

p2

x2

[
−p′1(p2)

∂x2

∂ p1
−

∂x2

∂ p2

]
. (15)

Now, in equilibrium we have x̃2(p2) := x2(p1(p2), p2). Then

dx̃2(p2)

d p2
=

∂x2

∂ p1
p′1(p2)+

∂x2

∂ p2
⇐⇒ − p′1(p2)

∂x2

∂ p1
=

∂x2

∂ p2
−

dx̃2(p2)

d p2
.

Substitute the above into the expression in (15) which reduces to:

η̃2 :=−
p2

x̃2(p2)

dx̃2(p2)

d p2
.
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Then equation (13) gives

L∗
2 :=

p∗2 − c0 − c2

p∗2
=

λ

1+λ

1

η̃2
.

Given that α∗ = p∗2 − c2, we get

α∗ = c0 +
λ

1+λ

p∗2
η̃2

.

Case 2: Duopoly, i.e., xi(p1, p2)> 0 for i = 1, 2. Then γ1 = γ2 = 0. Then (FOC1) and (FOC2) reduce to:

p̂1
∂x1(p1, p2)

∂ p1
+ p̂2

∂x2(p1, p2)

∂ p1
=−

λx1(p1, p2)

1+λ
, (FOC′′

1)

p̂1
∂x1(p1, p2)

∂ p2
+ p̂2

∂x2(p1, p2)

∂ p2
=−

λx2(p1, p2)

1+λ
, (FOC′′

2)

Since Li pi = p̂i for i = 1, 2, the above system reduces to:


 η1 −η21

(
p2x2

p1x1

)

−η12

(
p1x1

p2x2

)
η2



[

L1

L2

]
=

[
λ

1+λ
λ

1+λ

]
.

Solving the above system of equations we obtain

L∗
i :=

p∗i − c0 − ci

p∗i
=

λ

1+λ

1

η̂i

for i = 1, 2, (16)

where η̂i is the superelasticity of firm i. It is easy to show that η̂i = η̃i when x j(pi, p j) = 0 for i, j = 1, 2

and i 6= j. Given that α∗ = p∗2 − c2, we get

α∗ = c0 +
λ

1+λ

p∗2
η̂2

.

Case 3: Monopoly of the incumbent firm, i.e., x1(p1, p2) > 0 and x2(p1, p2) = 0. This case is similar to

the case where the entrant firm is a monopolist. The Lerner index of firm 1 is given by:

L∗
1 :=

p∗2 − c0 − c1

p∗1
=

λ

1+λ

1

η̃1
. (17)

In this case, firm 2 does not enter the market, and hence the optimal access charge α∗ remains unchanged.

This completes the proof of the proposition.

Proof of Corollary 1

Define by ai := a−c0 −ci and remember that p̂i := pi −c0 −ci. Then the linear demand system is given by:

x1(p1, p2) =
1

1−β 2
[a− p1 −β (a− p2)] =

1

1−β 2
[a1 − p̂1 −β (a2 − p̂2)] , (18)

x2(p1, p2) =
1

1−β 2
[a− p2 −β (a− p1)] =

1

1−β 2
[a2 − p̂2 −β (a1 − p̂1)] . (19)
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From the above we get for i, j = 1, 2 and i 6= j,

∂xi(pi, p j)

∂ pi

=−
1

1−β 2
,

∂xi(pi, p j)

∂ p j

=
β

1−β 2
.

First consider the case when firm 2 is a monopolist in the downstream market. Notice first that x1(p̂1, p̂2)=
0 implies p̂1 = β p̂2+(a1−βa2). Substituting this and the values of the partial derivatives into the first order

condition (FOC′
1), we get

γ1 = (1+λ )(βa2 −a1).

Since γ1 ≥ 0, we have

βa2 −a1 = β (a− c0 − c2)− (a− c0 − c1)≥ 0 =⇒ c2 ≤
1

β
[c1 − (1−β )(a− c0)]≡ c1

2.

Next, consider the case when the optimal market structure is duopoly. Substituting the values of the

partial derivatives, x1(p̂1, p̂2) and x1(p̂1, p̂2) into the first order conditions (FOC′′
1) and (FOC′′

2), and solving

for p̂1 and p̂2 we get p̂i = [λ/(1+λ )]ai. Then the demands for goods 1 and 2 are respectively given by:

x∗1 =
1+λ

1+2λ
(a1 −βa2),

x∗2 =
1+λ

1+2λ
(a2 −βa1).

The facts that x∗1 > 0 and x∗2 > 0 imply that

c2 >
1

β
[c1 − (1−β )(a− c0)]≡ c1

2,

c2 < βc1 +(1−β )(a− c0)≡ c2
2.

Finally, consider the case when firm 1 is the monopolist, i.e., x2 = 0 and γ2 ≥ 0. This case is symmetric

to the case when there is monopoly of firm 2. It is easy to show that this case occurs if c2 ≥ c2
2(c1, c2).

Simple algebra shows that c2
2 − c1

2 = [(1−β 2)a1]/β > 0, and hence in the limiting case β = 1 implies

c1
2 = c2

2 = c1. Finally, we have

∂ [c2
2 − c1

2]

∂β
=−

(
1+

1

β 2

)
a1 < 0,

i.e., as β increases, the interval of values of c2 over which a duopoly market structure is optimum shrinks.

This completes the proof of the corollary.

Proof of Lemma 2

Notice first that conditions (a) and (b) are simply constraints (NN1), (NN2) and (PC1) rewritten. Hence, will

prove the necessity and sufficiency of conditions (c)-(e). We first prove the necessity part. Since (PC2) holds

for all c2 ∈ [c2, c̄2], in particular it holds for c2 = c̄2 which implies condition (c). Notice that

Π2(c
′
2, c2) = [p2(c

′
2)− c′2 + c′2 − c2 −α(c′2)]x2(c

′
2) = Π2(c

′
2)+ (c′2 − c2)x2(c

′
2).
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Hence, incentive compatibility implies that

Π2(c
′
2)−Π2(c2)≤−(c′2 − c2)x2(c

′
2). (20)

Similarly one can show that

Π2(c
′
2)−Π2(c2)≥−(c′2 − c2)x2(c2). (21)

Now suppose that c′2 > c2. Then from (20) and (21) we have

− (c′2 − c2)x2(c2)≤ Π2(c
′
2)−Π2(c2)≤−(c′2 − c2)x2(c

′
2). (22)

From (22) we get

(c′2 − c2)[x2(c2)− x2(c
′
2)]≥ 0. (23)

Given c′2 > c2, we have x2(c
′
2) ≤ x2(c2) as a necessary condition for feasibility. Since x2(c2) is non-

decreasing, it is differentiable almost everywhere in its domain. Notice also that the incentive compatibility

constraint can be written as

Π2(c2) = max
c′2

{
Π2(c

′
2)+ (c′2 − c2)x2(c

′
2)
}
. (IC′

2)

The first- and second-order conditions of the above maximization problem are respectively given by:

Π′
2(c

′
2)+ (c′2 − c2)x

′
2(c

′
2)+ x2(c

′
2) = 0, (FOC)

Π′′
2(c

′
2)+ (c′2 − c2)x

′′
2(c

′
2)+2x′2(c

′
2)≤ 0. (SOC)

The above two conditions must be satisfied at c′2 = c2 since (IC2) holds for all types of firm 2, and hence we

have

Π′
2(c2)+ x2(c2) = 0, (FOC′)

Π′′
2(c2)+2x′2(c2)≤ 0. (SOC′)

Condition (FOC′) is the local incentive compatibility constraint. This completes the proof of necessity of

conditions (c)-(e).

Now we prove the sufficiency part of the lemma. Since x2(c2)≥ 0 for all c2, and Π2(c̄2)≥ 0, it follows

from (R) that (PC2) is satisfied for all c2 ∈ [c2, c̄2]. To prove the sufficiency of conditions (d) and (e), suppose

that these two conditions hold for all c2 ∈ [c2, c̄2], and suppose on the contrary that for at least one type c2

the incentive compatibility is violated, i.e.,

Π2(c
′
2, c2) = Π2(c

′
2)+ (c′2 − c2)x2(c

′
2)> Π2(c2)

⇐⇒
[
Π2(c

′
2)−Π2(c2)

]
+(c′2 − c2)x2(c

′
2)> 0 for at least one c′2 6= c2.

Integrating the above we get ∫ c′2

c2

[
Π′

2(θ)+ x2(c
′
2)
]

dθ > 0. (24)

Now assume without loss of generality that c′2 > c2. Since (FOC′) holds for all c2, we have

x2(c
′
2)≤ x2(θ)≤ x2(c2) for all θ ∈ [c2, c′2].

The first of the above two inequalities and (FOC′) together imply that

Π′
2(θ)+ x2(c

′
2)≤ 0 = Π′

2(θ)+ x2(θ).

23



Integrating the above we get ∫ c′2

c2

[
Π′

2(θ)+ x2(c
′
2)
]

dθ ≤ 0. (25)

Inequalities (24) and (25) contradict each other. Now if c′2 < c2, then the same logic leads us to a similar

contradiction. This establishes the sufficiency of conditions (d) and (e).

Proof of Proposition 2

After setting Π2(c̄2) = 0 and α(c2) = α for all c2, and integrating (R) by parts with respect to c2, we obtain

∫ c̄2

c2

Π2(c2)dG(c2) =

∫ c̄2

c2

x2(c2)m(c2)dG(c2), (⋆)

Substituting the above, the regulator’s maximization problem boils down to:

max
{p1(c2), p2(c2)}

∫ c̄2

c2

Ŵ (p1(c2), p2(c2))dG(c2), (W′
AI)

subject to x1(p1(c2), p2(c2))≥ 0, (NN1)

x2(p1(c2), p2(c2))≥ 0, (NN2)

Now the above problem can be solved point-wise for each c2. Define by p̄2(c2) := p̂2(c2)− z(c2). Let γ1

and γ2 be the Lagrange multipliers associated with (NN1) and (NN2). With slight abuse of notations, let

pi = pi(c2) and p̂i = p̂i(c2) for i = 1, 2, and p̄2 = p̄2(c2). The Kuhn-Tucker conditions are given by:

[(1+λ )p̂1 + γ1]
∂x1(p1, p2)

∂ p1
+[(1+λ )p̄2 + γ2]

∂x2(p1, p2)

∂ p1
=−λx1(p1, p2), (foc1)

[(1+λ )p̂1 + γ1]
∂x1(p1, p2)

∂ p2
+[(1+λ )p̄2 + γ2]

∂x2(p1, p2)

∂ p2
=−λx2(p1, p2), (foc2)

x1(p1, p2)≥ 0, γ1 ≥ 0, γ1x1(p1, p2) = 0, (foc3)

x2(p1, p2)≥ 0, γ2 ≥ 0, γ2x2(p1, p2) = 0. (foc4)

The above first order conditions are very similar to those of the case of symmetric information. In the

optimal solutions for (p1(c2), p2(c2) under asymmetric information, p̂1 is replaced by p̂1(c2), p̂2 by p̄2(c2),
and c2 by z(c2). Therefore, we omit the details of the equilibrium analysis. Using the first order conditions,

and proceeding as in the case of symmetric information, we get the expressions for L1 and L2, and the

optimal access price under three different equilibrium market structures. Notice that the price elasticities of

demand, and hence the superelasticities are now dependent on c2.

Proof of Proposition 5

As in Section 4.1, the expected social welfare is given by the following expression:

∫ c̄2

c2

[U(x1,x2)− p1x1 − p2x2 +(1+λ )(p̂1x1 + p̂2x2 − k0)−λx2m(c2)]dG(c2),

where p̂i := pi − c0 − ci for i = 1, 2. Since we have a pooling equilibrium we have an entry cut-off c̃2. Let

µ(c̃2) :=

∫ c̃2

c2

z(c2)dG(c2) = G(c̃2)E[z(c2) | c2 < c̃2].
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Using α = p2 − c̃2 and the definition of µ(c̃2), the regulator’s objective function boils down to:

W̃ (p1, p2, c̃2) := U(x1(p1, p2), x2(p1, p2))− p1x1(p1, p2)− p2x2(p1, p2)

+ (1+λ ) [p̂1x1(p1, p2)+{(p2 − c0)G(c̃2)−µ(c̃2)}x2(p1, p2)− k0] .

To obtain the pooling equilibrium, the regulator needs to select p1, p2 and the entry cut-off c̃2 to maximize

the above expression subject to (1) x1(p1, p2)≥ 0, and (2) x2(p1, p2)≥ 0. Let p̃2 := (p2−c0)G(c̃2)−µ(c̃2).
The relevant first order conditions are given by:

[(1+λ )p̂1 + γ1]
∂x1

∂ p1
+[(1+λ )p̃2 + γ2]

∂x2

∂ p1
+λx1 = 0, (26)

[(1+λ )p̂1 + γ1]
∂x1

∂ p2
+[(1+λ )p̃2 + γ2]

∂x2

∂ p2
+λx2 = 0, (27)

p2 = c0 + z(c̃2). (28)

Solving the above system and using α = p2 − c̃2 we get the optimal retail prices, access charge and c̃2.
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