
UNIVERSITÉ DE TOULOUSE1 – SCIENCESSOCIALES
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Réglementation et biens indispensablesà la production. . . . . . . . . . . . . . . 5

Allocation de l’acc̀es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Organisation des chapitres et principaux résultats. . . . . . . . . . . . . . . . . . . . . 10

Chapitre1 : Nature des charges d’accès . . . . . . . . . . . . . . . . . . . . . . . 10

Chapitre2 : Réglementation, facilit́e essentielle et extraction de rente. . . . . . . 13

Chapitre3 : Gestion d’infrastructure dans un contexte dynamique. . . . . . . . . 15

Chapitre4 : Ench̀ere optimale en présence d’un côut exog̀ene des transferts. . . . 18
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Chapitre 2

Réglementation, facilit́e essentielle et

extraction de rente

(Regulation, essential facility and rent extraction)

2.1 Introduction

Should a social planner regulate a downstream industry which purchases an input from an unregu-

lated upstream essential facility? Would this essential facility seller benefit from the regulation of the

final market? This chapter shows that when the essential facility seller uses non-linear tariffs and has

bargaining power, first, it obtains a higher profit when regulation occurs and, second, it is better for

the society not to regulate the downstream industry. Thus, this works suggests that regulators should

take a more in-depth look at the upstream structure faced by the potentially regulated industry anda

priori deny regulation of such industries.

Regulatory motivations. Usual candidates for regulation are “natural monopolies”, i.e. firms

characterized by subadditive cost functions.1 This basically means that a single firm can supply the

market at lower cost than two or more firms having the same cost function. In these cases, there isa

priori neither social nor private interest to duplicate the production process and costs. The concept of

1Please refer to Tirole (1988, pp. 19-20), Sidak and Spulber (1997, pp. 20-25) or Laffont and Tirole (2000, Introduc-
tion).
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54 CHAPITRE 2. REGULATION, ESSENTIAL FACILITY AND RENT EXTRACTION

natural monopoly was first proposed by Walras (1897), who suggested to price the product of these

socially efficient monopolies by balancing their budget, and was followed by the optimal pricing rule

under budget constraint developed by Boı̂teux (1956).2 Thus, the property of “natural monopoly”

is highly constrained by the technology available at the time, justifying the study of cost structure

to assess subadditivity and the scrutiny of potential changes in this assessment (and the subsequent

potential change in regulatory regime) when new technologies show up.3

Other elements may also justify some kind of regulation. Typically, production technologies that

exhibit economies of scale are less costly to install, on a per user basis, in dense area (towns, e.g.)

than in areas where the population is wide-spread (country-side, e.g.). This is the case for all net-

works industries, such as telecommunications (with the exception of satellite telecommunications),

gas, postal services or railways, where operators used to be public or private regulated firms. Most of

them have experienced technologies exhibiting subadditivity but, even if currently they do notper se

require regulatory scrutiny, considerations such as redistribution and regional planning may impose

some kind of universal service obligations on firms. These obligations typically consist in “a set of

basic services that must be made available at an affordable price to all users by public or private

operators irrespective of the user’s geographical location,” including high-cost areas.4 This concern

was previously solved internally by the former regulated monopolies through cross-subsidizations

between high margin services (usually urban ones for the business community) and subsidized ones

(often rural), ending with, e.g., an identical price for all geographical areas. After deregulation, uni-

versal service obligations funding and allocation had to be defined again with, e.g., taxes to raise

specific budgets for these obligations and auctions to select firms in charge of their production.5

2Bôıteux (1956) first studied the optimal pricing rule of a monopoly under budget constraint. Ramsey (1927) exhib-
ited the same mathematical formula while studying a problem of indirect optimal taxation. This explains why this way
of price fixing is often called̀a la Ramsey-Bôıteux.

3This statement does not mean that the deregulation process, which is taking place in most of the network indus-
tries, has only been originated by technological changes. Indeed, as argued by Laffont and Tirole (2000, pp. 7-13) and
Combes, Jullien and Salanié (1997, pp. 21-24), other factors have played a major role in this process such as the “grow-
ing awareness of the inefficiency of the incumbent monopolist” or the complexity of the regulation of industries with
complex, numerous and increasingly new products/services.

4This is the generic definition given by the European Commission, in its website on the information society
[http://europa.eu.int/informationsociety/glossary/indexen.htm#u]. Similar definitions can be found in several coun-
tries. In the United States, e.g., universal service for telecommunications is defined in section 254 of the “Telecom-
munication Act” of 1996 [http://www.fcc.gov/Reports/tcom1996.txt] as services “ensuring quality telecommunications
services at affordable rates to consumers, including low-income consumers, in all regions of the nation, including rural,
insular, and high cost areas” (as quoted by Laffont and Tirole 2000, p. 254).

5Please refer to Caillaud and Tirole (2000) for a formal study of the funding of an essential facility.

http://europa.eu.int/information_society/services/index_en.htm
http://www.fcc.gov/Reports/tcom1996.txt
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These are the main lines of the rationale yielding to the regulation of an industry. Nevertheless,

as this chapter will argue, regulated industries characterized by an essential input sold through non-

linear tariffs by an upstream monopolist require specific attention. And there are many important

such industries.

Patents. The pharmaceutical industry is one of them. One of the main feature of this industry

is that it is very R&D intensive. Laboratories protecthe t their investments by patenting their inno-

vations in order to maintain a temporary legal monopoly on the use (and the related sale) of new

medications in the development of drugs.6

Thus, investments in R&D are critical and substantial. According to OECD (2001, section A.6.3

on health-related R&D), R&D expenditure in pharmaceuticals represented a high ratio of GDP in

developed countries, e.g. close to 0.47% in Sweden, 0.29% in the United Kingdom, 0.25% in Bel-

gium and 0.24% in Denmark. Moreover, the share of pharmaceutical R&D in business sector R&D

is also high in the United Kingdom and Denmark where they account for approximately 20% of total

business R&D expenditure and, while the ratio of pharmaceutical R&D to GDP is low in Italy and

Spain, this sector accounts for a significant share of total business R&D in both countries.

Once patented, the production of these medications typically takes one of two forms: (1) the

laboratories produce the drugs themselves for all the geographical markets they serve; or (2) the

laboratories delegate the production for some local markets to other firms which buy a license.

Among these two possibilities, the latter is one of the most common choice. According to Shy

(1996, chapter 9, p. 239), 80% of the inventions granted patents over all industries are licensed to

other firms. Moreover, licensing contracts are typically non-linear and the sale of drugs to consumers

is often regulated by the country in which they are sold.

These two elements are noticeable with respect to the formal analysis done in this chapter : the

local firms are regulated and must purchase, through non-linear tariffs, an input, the license, from a

firm that has monopoly power on this input.7

6Please refer to Viscusi et al. (2000, chapter 24, pp. 799-835) for a detailed description of the intensity of R&D in
this industry and a presentation of the main insights related to the economic background on patents, i.e. the trade-off
between monopolization and innovation, as well as insights on the central role of patents in the pharmaceutical industry.

7Of course, this example is only illustrative of the regulatory concerns studied in this chapter. Clearly, other signif-
icant elements of the pharmaceutical industry, such as specific regulatory elements related to the very nature of drugs
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Infrastructure. Transportation related infrastructures, such as tunnels, airports or car parks,

are another example. As they often require high level of financing, governments usually authorize

long-term concessions to either fully or semi-private firms which most of the time have some de-

gree of flexibility to fix (non-linear) prices. In a dynamic setting where the government may change

over the duration of the concession, political priorities may also evolve, inducing different objective

functions for the social planner at different points in time. Consider the following example. A first

government that does not take fully into account consumer surplus, or alternatively that overweight

firms profits, grants a contract to a firm in order to rule an underground car park. Qualitatively

speaking, the concession contract will yield generous (short term, at least) profits for the firm. Imag-

ine now that a change in the government occurs that sets a more “social welfare oriented” target.

The new social planner would then want to renegotiate the concession contract in order to perform

better with respect to its objective. In that case, it faces the concession owner that exhibits high

market power due to, first, the terms and duration of its concession and, second, the dissuasive cost

of any substitute. Once again, the same structure is present where a regulator may intervene in a

final market but must deal with an upstream essential facility with high market power.

The framework. This chapter studies a model with a foreign monopoly uses non-linear tariffs

(two-part tariffs) to sell an essential input to a local firm regulated by a domestic agency. The

domestic regulator maximizes national social welfare and faces some constraints on its ability to

raise funds. The goal of this chapter is to understand what are the benefits and costs of regulation

and to exhibit the fundamentals and the limitations of the trade-off between efficiency and rent

extraction.

Through all this chapter, except in section2.9, the regulator faces an exogenous shadow cost of

public funds caused by distorting taxation and regulates the downstream firm that needs the essential

facility. This shadow cost of public funds is justified by two main assumptions. First, the regulator

cannot benefit from first best lump-sum taxes to raise money but is restricted to the use of distorting

tools. Second, the level of funds needed by the industry studied must be low with respect to the

and their high political and social interests, competition by generic drugs or R&D cycles, would have to be taken into
consideration to reflect the economic background of this industry.
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overall level of public funds raised by the government, leaving the distortion unrelated to the industry

financial needs.

Then, in order to study how the results are affected by a change in the regulatory framework,

section2.9studies a situation where the regulator faces a unique budget constraint for all regulated

activities. These activities include the downstream firm that needs the essential facility and other

unrelated firms with regulated final markets. The regulator has no access to any external source of

public funds. In particular, money transfers between the government and the regulated firms other

than revenues from the final markets are prohibited. Thus, the regulator can raise funds, if necessary,

only through profits of the firms it regulates, ending up with an endogenous cost of public funds.8

Methodology. In a first part, the regulator is given two alternatives: to regulate the downstream

firm or, as an outside option, to abandon the production of the final good. In a second part, the

regulator has the opportunity either to regulate the industry or to shut it down, as before, or to let the

industry unregulated, upstream and downstream firms being left free to contract together. Then, a

few extensions are explored. What happens if the upstream firm is a domestic unregulated firm? If

all parties have some degree of bargaining power? If there is asymmetric information between the

downstream firm and both the upstream firm and the regulator? If the regulatory framework differs?

Main results. When the upstream firm has all the bargaining power, it is shown, first, that

the upstream firm benefits from the downstream benevolent regulation because it can always extract

more rent when there is regulation. More importantly, domestic consumers are hurt by the activity

of the regulator even if they face lower prices with regulation. Consequently, it is better to leave

the downstream firm unregulated. These two results are robust to various extensions (national but

unregulated upstream firm, bargaining power, asymmetric information and a different regulatory

framework) which mainly alter the level of rent extracted but not the two core results.9

The intuition behind the main results is simple. Take the case where the upstream firm has all

the bargaining power. Basically, the industry structure10 can take two simple shapes: either the

8These two regulatory models are often named, respectively,à la Laffont-Tiroleandà la Ramsey-Bôıteux.
9As far as bargaining power is concerned, the two results remain valid on a relevant set of parameter (measuring

bargaining power) values.
10The industry structure is described in more details, for the two frameworks, by figures2.1(p. 58) and2.5(p. 86).



58 CHAPITRE 2. REGULATION, ESSENTIAL FACILITY AND RENT EXTRACTION

�
�

�
�Consumers

?

Firm D

?

Firm U
Foreign

Domestic

�
�

�
�Consumers

?

Firm D

?

Regulator
? �

�
�
�- Public funds

Firm U

Figure 2.1: The industry vertical structure with exogenous cost of public funds: without (left) or
with (right) regulation

downstream firm is not regulated and firms contract directly, or the regulator chooses the final output

and the upstream firm contracts with the regulator. Without regulation, the upstream firm extracts,

with a simple two-part tariff, a profit equal to the maximum profit of the structure made of both

the upstream and the downstream firms. Under regulation, the same mechanism applies and it can

extract all the utility of its contractual partner, i.e. not only the profit of the vertically integrated

industry but all the increase in social welfare due to the consumption of the product. Therefore, the

upstream firm will end with a higher profit under regulation and the regulator will, if possible, not

regulate the downstream firm.

This chapter is organized as follows. Section2.2describes the formal model. Section2.3deals

with some benchmark cases. Section2.4 analyzes the equilibrium when the regulator is given two

choices: either to regulate the downstream firm or to shut it down. Section2.5supplements the set of

choices of the regulator by allowing him not to regulate the downstream firm. The following sections

test the robustness of the result by relaxing, in section2.6, the assumption that the essential facility is

a foreign undertaking and by introducing, in section2.7, shared bargaining power or, in section2.8,

some kind of asymmetric information between the downstream firm and both the upstream firm and

the regulator. Then, section2.9turns to the study of regulatioǹa la Ramsey-Bôıteux. Finally, section

2.10summarizes the results, discusses further extensions and concludes. All proofs are detailed in

the appendix (section2.C, page102).
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2.2 Regulation with exogenous cost of public funds

Economy. An upstream monopoly, firmU , sells an essential input to a regulated downstream

monopoly, firmD. These two firms are located in two different countries. In order to produce

q1 units of good 1, firmD must purchaseq1 units of good 0 from firmU . The national economy

consists of firmD, the consumers of good 1 and the domestic regulator (hereafter, the regulator) who

maximizes national social welfare. FirmU is a foreign undertaking, is not regulated and its profit

is not included in national social welfare. Moreover, firmU is assumed to have all the bargaining

power in any negotiation.

Upstream sector. Firm U sellsq0 units of good 0 at a cost11 CU (q0) = FU + cUq0, with a

two-part tariffTU (q0) = H0 + p0q0. This simple cost specification allows us to exhibit in a simple

way the optimal two-part tariff and does not change the nature of the argument developed here. Firm

U ’s profit function is then

πU (q0) = H0 + p0q0−FU −cUq0. (2.1)

Downstream sector. The cost of firmD, exclusive of the two-part tariffTU , is CD (q1) with

a constant fixed costFD which is assumed not to be sunk. The implicit assumption, made while

assuming the existence of a fixed costFD is thea priori necessity for this industry to be regulated.

Of course, more fundamentally,CD needs to be subadditive. It would then be sufficient to assume that

on top of the fixed cost,CD is characterized by a constant marginal cost in order to get this property.

Nevertheless, the cost function is not restricted more than by the existence of a fixed cost.12 This

eases the description of the trade-off and does not modify the intuition behind the results. When firm

D is regulated, there is no loss of generality in assuming that the costCD and the tariffTU are paid

by the regulator which also receives all the revenues from the sale of good 1. Then, firmD receives

a net transfert and its profit function is

πD = t. (2.2)

11In general, superscripts are used to distinguish between firms (U andD) or situations (vi for “vertically integrated”,
R for “regulated”) and subscripts denote markets (0 and 1) or derivatives (q).

12It is also necessary to assume that the cost function is such that maximization programs have an overall solution.
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Finally, let denoteV the vertically integrated firm, that is the hypothetical firm created by the

merger of firmsU andD, with CD (q1)+CU (q1) as its cost function.

Consumers. The consumers gross surplus isS1(q1) with S1q(q1) = p1(q1) the inverse demand

function andS1qq < 0. As usual, consumers do not take into account the existence of the distortion

due to the shadow cost of public fundsλ in their decision to consume good 1.

Regulator. The regulator is characterized by an exogenous cost of public fundsλ: for each

euro spent by the regulator, the cost to the society is(1+λ) euros. This assumes that the regulator

does not have access to ideal lump-sum taxes but must use, in order to raise funds to finance the

regulated downstream monopoly, distorting taxes such as taxes on labor, capital and excise taxes.13

Moreover, if one assumes that the final product production cost and demand are not correlated to

other goods potentially regulated by the government, then regulation of one product, in terms of

prices or quantity, does not affect other regulated markets unless there are some restrictions on the

allocation of funds between these industries. This is not the case because, in this chapter except

in section2.9, the cost of public funds is assumed to be exogenous and constant. Therefore, the

regulator maximizes national social welfare

SW= [S1(q1)− p1(q1)q1]+ [t]− (1+λ)
[
t +CD (q1)+TU (q1)− p1(q1)q1

]
,

= S1(q1)+λp1(q1)q1−λt− (1+λ)
[
CD (q1)+TU (q1)

]
.

(2.3)

All information is common knowledge. Before detailing the timing of the game, two benchmark

cases are studied for comparison convenience.

13More insights on the background of a regulatory frameworkà la Laffont-Tirolecan be found in the introductive
chapter of Laffont and Tirole (1993).
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2.3 Benchmark cases

2.3.1 Regulation of both firms

Regulating both firms is equivalent to regulating firmV. In this case, social welfare becomes, omit-

ting the arguments and assuming the same regulatory mechanism as the one described in section

2.2,

SW= S1 +λp1q1−λt− (1+λ)
[
CD +CU] ,

wheret stands for the net transfer from the regulator to firmV. Maximizing social welfare under the

participation constraint that firmV ’s profit should be positive, i.e.t ≥ 0, yields this constraint to be

binding and production14 to beqviR
1 such that

qviR
1 = argmax

q1

[
S1(q1)+λp1(q1)q1− (1+λ)

[
CD (q1)+CU (q1)

]]
which is equivalent to

p1
(
qviR

1

)
−CD

q

(
qviR

1

)
−CU

q

(
qviR

1

)
+

λ
1+λ

p1q
(
qviR

1

)
qviR

1 = 0. (2.4)

It is assumed that the second order condition is satisfied and that there is a unique solution. Thus,

regulating both firms yields an outcomeqviR
1 which is socially efficient and which generates the

highest total social welfare level possible in this setting, noted SWviR.

2.3.2 No regulation at all

Without regulation, firmU , which has all the bargaining power, can extract the same profit that firm

V could get from the final market, i.e. quantity15 qvi
1 that maximizes firmV ’s profits

qvi
1 = argmax

q1

[
p1(q1)q1−

[
CD (q1)+CU (q1)

]]
,

14SuperscriptviRstands for “vertically integrated and regulated”.
15Superscriptvi stands for “vertically integrated”.
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Figure 2.2: Timing of the game: regulation vs no production

which is equivalent to

p1
(
qvi

1

)
−CD

q

(
qvi

1

)
−CU

q

(
qvi

1

)
+ p1q

(
qvi

1

)
qvi

1 = 0.

It is also assumed that the second order condition is satisfied and that there is a unique solution. The

associated profit is notedπvi.16

Lemma 2.1. Without regulation, the optimal two-part tariff for firm U is TU (q1) = πvi +FU +cUq1.

The quantity produced is qvi
1 . Firm U’s profit isπvi and social welfare is S1

(
qvi

1

)
− p1

(
qvi

1

)
qvi

1 . Firm

D gets zero profit.

This is theno-regulation tariff tariff which the upstream firmU proposes if there is no regulation

of the downstream firmD.

2.4 Socially harmful regulation

Let us now examine the game in which the regulator regulates firmD. In order to model the bar-

gaining power ofU , the following game is studied: first, firmU makes a take-it-or-leave-it offer17 to

the regulator, which consists in a two-part tariffTU (q1) = H0 + p0q1; second, the regulator decides

whether to accept the tariff and computes the optimal contract for firmD.

16All proofs are collected in the appendix.
17For an extension with a more balanced bargaining power, please refer to section2.7.
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2.4.1 Strategy of the regulator

In the second stage, if the regulator has accepted the tariffTU , it faces the following problem

max
q1,πD

[
S1 +λp1q1−λπD− (1+λ)

(
CD +H0 + p0q1

)]
subject to the participation constraint of firmD: πD > 0.

Standard results are obtained


p1(q∗1)−CD

q (q∗1)− p0 + λ
1+λ p1q(q∗1)q∗1 = 0,

(1+2λ) p1q(q∗1)+λp1qq(q∗1)q
∗
1− (1+λ)CD

qq(q∗1)≤ 0,

πD = 0.

(2.5)

It is assumed that the second order condition is satisfied and that the first order condition has a unique

solutionq∗1(p0) for any proposedp0. Notice from the above system that, first,q∗1 depends onp0 but

is independent ofH0 (this is true unless the constraint specified next section is not binding) and that,

second, the variation ofq∗1 with respect top0 is set by

dq∗1
dp0

=
1+λ

(1+2λ) p1q
(
q∗1
)
+λp1qq

(
q∗1
)
q∗1− (1+λ)CD

qq

(
q∗1
) < 0. (2.6)

If there is no production, the social welfare isS1(0). Thus, the regulator acceptsTU as long as

social welfare with production is greater thanS1(0).

2.4.2 Strategy of the upstream firm

Suppose firmU proposes theno-regulationtariff TU (q1) = πvi +FU +cUq1.

Lemma 2.2. The regulator chooses a positive production if the upstream firm U proposes theno-

regulationtariff.

In that case, the regulation of firmD is not costly for firmU , but neither is it beneficial. FirmU

can extract from the regulator what it could obtain directly from firmD in the absence of regulation.

This tariff ends up with a high price but consumers preserve part of their surplus.
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But is it the best strategy for firmU? With linear prices in the downstream sector, the downstream

firm is usually not able to extract all the consumers’ surplus. Therefore, when contracting with firm

D, the upstream firm cannot gain more than the maximum profit of the vertically integrated firm

(what firmU gets with itsno-regulationtariff) and consumers keep this net surplus.18 But, here,

the upstream firm contracts with the regulator. For this latter, consumer surplus is part of its social

welfare objective function and it has a strictly positive value. To abandon the production is therefore

more costly for the regulator than for firmD. Moreover, the regulator has access to an extra source

of financing, its public funds. To sum up, the regulator has a higher value for production and more

money to pay for the essential facility.19 Therefore, if firmU acts optimally, it should ask the

regulator to pay at least for part of this consumer net surplus.

Proposition 2.1. Firm U always obtains a greater profit when the downstream firm D is regulated.

Moreover, the optimal two-part tariff for firm U is TU (q1) = 1
1+λ
[
SWviR−S1(0)

]
+ FU + cUq1,

which yields a profit ofπU = 1
1+λ
[
SWviR−S1(0)

]
and a final production qviR

1 . The level of social

welfare is S1(0). Firm D gets zero profit.

Lemma 2.3. The profit of the upstream firm is decreasing inλ.

The profit of firmU can be rewritten

πU =
[
pviR

1 qviR
1 −CU (qviR

1

)
−CD (qviR

1

)]
+

1
1+λ

[
SviR

1 −S1(0)− pviR
1 qviR

1

]
.

This expression clearly demonstrates that the regulation of firmD allows firmU to indirectly collect

part of the consumer net surplus (second term) on top of the vertically integrated monopoly profit

when producing good 1 in quantityqviR
1 (first term). Because consumers do not pay directly firm

U , the real cost for the regulator of an additionalε asked by firmU is (1+ λ)ε, which explains the

multiplicative factor in front of the net consumer surplus in the tariff.

18Other tools than non-linear prices may also be used in the downstream sector to extract consumer surplus. For
instance, in another regulatory context, Segal (1998) uses the soft budget constraint to show that a monopoly can extract
part of the social surplus in the form of a state subsidy.

19In other words, the upstream firmU can consider the regulator as a firm whose objective function is the sum of
social welfare, consumer surplus and the cost of public funds. By using its non-linear tariff, firmU is able to extract all
the surplus from this new downstream firm.
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The intuition of this result is simple. FirmU has to set(H0, p0) such that it respects the accep-

tance constraint of the regulator that it gets at least as much as without producing good 1

S1(q∗1)+λp1(q∗1)q∗1− (1+λ)
(
CD (q∗1)+H0 + p0q∗1

)
≥ S1(0)

and maximizes its profit. Assume thatp0 is fixed tocU . Then, onlyH0 remains to be set. What

happens for the regulator ifH0 is increased? Each euro more in the fixed part, departing from an

arbitrary low value, decreases social welfare in the following way

dSW
(
q∗1
(
H0,cU

)
,H0,cU

)
dH0

=
∂SW(q∗1,H0, p0)

∂q1

dq∗1
dH0

− (1+λ) =−(1+λ) < 0.

The first partial derivative is null becauseq∗1 is the best choice of the regulator givenH0 andp0. Thus,

by asking for one euro more, firmU increases its profit by one euro and decreases social welfare by

one euro andλ, the cost of public funds associated to the extraction of this extra euro. This remains

true until social welfare reaches the levelS1(0). Let now move to the incentive of firmU to depart

from unit price at marginal cost. The consequences in terms of social welfare of increasingp0 are

given by

dSW(q∗1(H0, p0) ,H0, p0)
dp0

=
∂SW(q∗1,H0, p0)

∂q1

dq∗1
dp0

− (1+λ)q∗1 =−(1+λ)q∗1 < 0.

But what is the consequence for firmU in terms of profit? If one does not take into account the

constraint on social welfare level, increasingH0 andp0 yields

dπU =
[
1+
(
p0−cU) dq∗1

dH0

]
dH0 +

[
q1 +

(
p0−cU) dq∗1

dp0

]
dp0,

with dq∗1
dH0

= 0 until the constraint on social welfare is binding, anddq∗1
dp0

< 0. On the one hand,

increasingp0 from cU induces a gain ofq1 and narrows the margin on the constraint (that is reduces

social welfare) by(1+λ)q∗1. On the other hand, increasingH0, still from the situation wherep0 =

cU , induces a gain in profit of 1 and narrows the margin on the constraint of(1+λ). At p0 = cU ,

the gains in terms of direct profit of increasing eitherp0 or H0 equal the loss in terms of constraint
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margin. But as far as one departs fromp0 = cU , this is not true any more as there is a lower gain in

increasingp0 ( dq∗1
dp0

< 0) than the reduction in terms of the constraint, compared to an increase inH0.

Increasingp0 raises less “realized” profit than it limits “potential” ones by restraining the margin

between the “realized” level of social welfare and the threshold level ofS1(0). Thus the upstream

firm has an interest in keepingp0 = cU in order to keep the “cake” as big as possible and to extract

all the social surplus through the fixed part of its tariff.

Finally, there are five interesting features of these results. First, when firmU maximizes its

profits, its objective function becomes qualitatively identical to the one of the regulator when this

latter regulates a vertically integrated monopoly. This translates the interest of firmU to generate

the highest reachable total welfare level in order to extract it for its own benefit.

Second, as exhibited above, there is a separation in the role ofp0 andH0. The first instrumentp0

is used to generate the highest social welfare, that is, induces socially efficient production, whereas

H0 is chosen to extract all social welfare just short of causing rejection of the tariff. This is a standard

feature of vertical relationships with non-linear tariffs.

Third, consumers pay less for the good in the presence of regulation, aspviR
1 < pvi

1 . In a sense,

they do not feel directly the effect of the rent extraction but ratherindirectly through transfers gen-

erating the cost of public funds, i.e. through imperfect taxation.

Fourth, as the rent extracted by the upstream firm is decreasing inλ, the essential facility seller is

better off dealing with countries characterized by low shadow cost of public funds, keeping cost and

demand functions similar. In particular, this shadow cost is estimated20 at around 30% in Western

European countries, whereas it is often suggested to be up to 100% or more in some developing

ones. In these countries, the upstream firm’s profit is thereforea priori limited by the high cost to

the regulator of raising money.

Finally, the equilibrium level of social welfare is equal toS1(0) and all the benefits derived from

the production of good 1 are taken by firmU . Thus, with regulation, national social welfare is as low

as if there were no production, despite the fact that the level of production is second-best21 optimal.

The natural question raised by this result is whether regulation is worthwhile.

20See Laffont and Tirole (1993, p. 38) and Ballard, Shoven and Whalley (1985) for discussions of the computation of
the values of the parameterλ.

21The presence ofλ does not allow to reach the first-best in this kind of model.
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Figure 2.3: Timing of the game: regulation vs vertical contract

2.5 Endogenous decision to regulate

To handle this question, it is assumed that, in a first period, the regulator decides whether or not

to regulate firmD. In a second period, firmU proposes a two-part tariff to the regulator if there is

regulation, to firmD otherwise. In a third period, the tariff is accepted or rejected by the regulator if

there is regulation, by firmD otherwise.

If, in the first period, the regulator decides to regulate firmD, social welfare is equal toS1(0),

as shown in section2.4. On the other hand, in the absence of regulation, social welfare is equal to

S1
(
qvi

1

)
− p1

(
qvi

1

)
qvi

1 , as shown in section2.3. Social welfare is higher without regulation, and this

proves the following proposition.

Proposition 2.2. The regulator never chooses to regulate firm D.

Comparisons are summarized in table2.1. Finally, the regulator does not regulate firmD, firm

U extracts onlyπvi, the final production isqvi
1 and firmD gets zero profit. Thus, the consumers are

better off when there is no regulation even if they consume less (qvi
1 < qviR

1 ).22

One can wonder what happens when the choice to regulate or not the downstream firm is given to

the regulator after the two-part tariff is proposed by the upstream firm. If this was the case, given the

two-part tariffTU , the regulator computes first the optimal contract for the downstream firm when it

decides to regulate it and, second, the social welfare level if it does not regulate this latter. But the

optimal two-part tariff for firmU still remains the one described in lemma2.1. Indeed, when facing

this two-part tariff, the regulator compares its two potential possibilities: either it does not regulate,

22More precisely, consumers are worth off without regulation if they do not take into account the distortion induced
by taxation, which is constantly assumed throughout this frameworkà la Laffont-Tirole. Nevertheless, when all effects
are discounted, then they are better off because the absence of regulation avoids costly taxation distortions.
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Perfect information Regulation No regulation

Production of good 1 qviR
1 > qvi

1
Social welfare S1(0) < S1

(
qvi

1

)
− p1

(
qvi

1

)
qvi

1
Firm U ’s profit 1

1+λ
[
SWviR−S1(0)

]
> πvi

Table 2.1: Results on the opportunity of regulating the downstream firm

but firm D cannot acceptTU because there is no way to respect its participation constraint, so there

is no production; either it accepts the tariff which induces production at a levelqviR
1 . It is clear that

the choice of the regulator is not to use its power of refusing to regulate firmD but to accept the

contract, which is the best firmU could have. Thus, in order to be worth it, the no-regulation outside

option should be given before firmU proposes its tariff.

Nevertheless, this equilibrium is not Pareto optimal. Faced with the optimal two-part tariff de-

scribed by lemma2.1, the regulator would prefer to regulate firmD, while keeping unchanged the

tariff. The price would then be set topviR
1 which will increase social welfare while leaving unchanged

firm U ’s profit, which is equal toπvi irrespective of the production level.23 Therefore, there is place

in our model to introduce other bargaining procedures in order to reach a better final equilibrium for

both agents. This is done in section2.7.

Finally, one can still question the ability of the regulator to commit not to regulate at the equi-

librium. Let begin with the case where the decision is made not to regulate. On the one hand, the

equilibrium of this sub-game predictsS1
(
qvi

1

)
− pvi

1

(
qvi

1

)
qvi

1 as final social welfare. On the other

hand, were firmU to deviate from its predicted strategy and ask for more than what the downstream

firm can pay, there will be no contract and no production, inducingS1(0) as social welfare. Does the

regulator then have an interest to change its mind about regulation? The answer is no because this

later can anticipate that regulation yields an equilibrium such that social welfare is equal toS1(0).

Thus, unless the regulator can oblige firmU to commit to its tariff without regulation, which is rather

unlikely,24 it has no interest to depart from its choice of refusing to regulate firmD.

Consider now the case where the regulator commits to regulate. If firmU reacts optimally, social

welfare ends atS1(0). At this point, this latter has no incentive to deviate from its strategy. As

23The assumption on firmU ’s cost function eases the justification of this argument.
24If this were the case, then one should probably have to consider the case where most of the bargaining power is in

the hand of the regulator.
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far as the regulator is concerned, it is indifferent between this situation and moving to a refusal of

regulation, as this would also yield no production andS1(0) as social welfare. Thus the commitment

to regulate may be weak, i.e. the regulator may deviate, to the contrary of the commitment no to

regulate.

Now that the basic model has given its main insights, the following sections study to some

extensions.

2.6 Unregulated national upstream firm

The goal of this section is to relax the assumption that firmU is a foreign undertaking. Therefore,

this section departs from the reference model described in section2.2 and considers the upstream

firm as a domestic firm that cannot, for reasons not modeled here, be regulated. The profit of firm

U is therefore added in the social welfare with a coefficientα in [0,1]. The other aspects of the

framework remain the same, especially the timing of the game.

When the regulator wants to regulate the downstream sector, its program becomes (third period)

max
q1,πD

[
S1 +λp1q1−λπD− (1+λ)

(
CD +H0 + p0q1

)
+απU] ,

with πU = H0 + p0q1−CU (q1) and under the participation constraintπD ≥ 0. As usual, it is costly

to leave rents to the firmD, thusπD = 0. The first order condition is

p1(q1)−CD
q (q1)−

α
1+λ

CU
q (q1)−

(
1− α

1+λ

)
p0 +

λ
1+λ

p1q(q1)q1 = 0. (2.7)

It is assumed that the second order condition is satisfied and that this equation has a unique solution

q∗1(p0) for any proposedp0. The regulator accepts the two-part tariff if the social welfare is higher

than its outside option of zero production

S1 +λp∗1q∗1− (1+λ)
[
CD∗+

α
1+λ

CU∗+
(

1− α
1+λ

)
p0q∗1

]
− (1+λ−α)H0 ≥ S1(0) . (2.8)
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Domestic firmU Regulation No regulation

Production of good 1 qviR
1 > qvi

1
Social welfare S1(0) < S1

(
qvi

1

)
− p1

(
qvi

1

)
qvi

1
Firm U ’s profit 1

1+λ−α
[
SWviR−S1(0)

]
> πvi

Table 2.2: Results on the opportunity of regulating the downstream firm, with a domestic upstream
firm

The upstream firmU maximizes its profit (first period) under the constraints that, first, its two-

part tariff is accepted by the regulator and, second, its two-part tariff induces certain level of pro-

duction of good 1 given by equation (2.7). As usual, the quantity of good 1 is independent of the

fixed partH0 and the acceptance condition (2.8) is constraining the increase inH0. Therefore, this

condition is binding andH0 can be substituted in the objective function of firmU , which yields,

omitting the arguments, the following program

max
p0

1
1+λ−α

[
S∗1−S1(0)+λp∗1q∗1− (1+λ)

(
CD∗+CU∗)] .

FirmU ’s objective function qualitatively mimics the one of the regulator in the benchmark described

in section2.3.1. The function in the brackets is maximized forq1 = qviR
1 , which can be generated by

the choice ofp0 = cU . This solves the problem of firmU . Results are summarized in table2.2.

When the regulator can decide (att = 0) whether it wishes to regulate or not firmD, the same

kind of analysis as in section2.5can be followed. If taken before the proposal of the two-part tariff

by firmU , the decision to regulate or not the downstream firmD allows the regulator to limit the rent

extraction by firmU through the deny of regulation.25 In this latter case, the equilibrium of the game

is the same as the one described in proposition2.2and firmU only extracts the standard maximum

vertically integrated profit.

Proposition 2.3. When firm U’s profit is added in the social welfare with a coefficientα, firm U can

always obtain a greater profit when the downstream firm D is regulated. It obtains also a greater

profit than what it obtains with regulation of firm D when firm U’s profit is not added in the social

welfare.

25The decision to regulate or not the downstream firmD does not change the outcome described in proposition2.3 if
taken after the proposal of the two-part tariff by firmU , for the same reasons as explained in section2.5.
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Moreover, the optimal two-part tariff for firm U when there is regulation is TU (q1) = 1
1+λ−α [SWviR

−S1(0)]+FU +cUq1, which yields a profit ofπU = 1
1+λ−α

[
SWviR−S1(0)

]
and a final production

qviR
1 . The level of social welfare is S1(0) and corresponds to the zero production one. Firm D gets

zero profit.

The regulator chooses not to regulate firm D.

Thus, both results on upstream rent extraction and regulatory decision are robust to firmU being

a national undertaking. Moreover, one can verify, first, that the equilibrium described in the propo-

sition 2.3 fits with the one exhibited in proposition2.1 whenα = 0 and, second, that the upstream

firm’s profits are increasing inα. The five features discussed exhibited in section2.5remain valid.

The intuition behind this result is simple. Consider the new social welfare function and imagine

that firmU asks for the two-part tariff described in proposition2.1. Obviously, the regulator accepts

TU : this yields a social welfare equal toS1(0), as before, plus the part of firmU ’s profit, therefore the

acceptance constraint (2.8) of the regulator is not binding any more. As the fixed part of the two-part

tariff is designed to make this constraint binding, the optimal two-part tariff must be characterized

by a higher fixed part, i.e. firmU gains more from the regulation than when its profit is not added in

the social welfare function.

2.7 Shared bargaining power

The main two conclusions, more profits for firmU under regulation of the final market and pref-

erence of the regulator not to regulate, are robust to firmU being a national firm but still require

firm U keeping all the bargaining power over firmD and the regulator. One can wonder if this latter

assumption is necessary to obtain all or some of these results. Thus, this section introduces a more

balanced bargaining power between firmU and its contractual counterpart through a simple model

of bargaining power, the weighted Nash bargaining solution (see, e.g., Myerson 1991, chapter 8.6),

following the seminal analysis of Nash (1950).
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2.7.1 Bargaining procedure

Everything but stept = 1 of the timing described by figure2.3, page67, is preserved: att = 1,

bargaining occurs with respect to the two-part tariff(H0, p0). Then, att = 3, for the tariff set by

this bargaining procedure, either firmD or the regulator reacts optimally by setting the appropriate

production levels required to maximize their own objective function (respectively firmD’s profit and

social welfare)

 q∗1(H0, p0) = argmaxq
[
πD (H0, p0,q) = [p1(q)− p0]q−

[
CD (q)+H0

]]
,

q̃1(H0, p0) = argmaxq
[
SW(H0, p0,q) = S1(q)+λp1(q)q− (1+λ)

[
CD (q)+H0 + p0q

]]
.

If one does not add any participation constraint regarding the definition of these solutions, i.e. if

constraintsπD ≥ 0 and SW≥ 0 are not considered at this stage, thenq∗1 and q̃1 turn out to be

independent fromH0, so that, in the rest of this section, participation constraints will be added

explicitly andq∗1 andq̃1 defined as functions ofq0 only.

The same outside options as in previous sections are kept for both firms and the regulator: firms

either contract (firmU with firm D or firm U with the regulator) and produce according to the

contract, or do not contract and get zero profit; the regulator either contracts (with firmU) and gets

the benefits of production and consumption, or does not contract and faces social welfare ofS1(0).

The relationship between the regulator and firmD is kept at the complete advantage of the former.

To be individually rational, the contract must satisfy the usual participation constraints of par-

ticipants in the bargaining process. When firmD is not regulated, the participation constraints to

consider are  πU (H0, p0,q∗1(p0)) = H0 + p0q∗1−FU −cUq∗1 ≥ 0,

πD (H0, p0,q∗1(p0)) = [p1(q∗1)− p0]q∗1−
[
CD (q∗1)+H0

]
≥ 0.

(2.9)

When firmD is regulated, the relevant participation constraints are

 πU (H0, p0, q̃1(p0)) = H0 + p0q̃1−FU −cU q̃1 ≥ 0,

SW(H0, p0, q̃1(p0)) = S1(q̃1)+λp1(q̃1) q̃1− (1+λ)
[
CD (q̃1)+H0 + p0q̃1

]
≥ S1(0) .

(2.10)
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Let γ ∈ [0,1] denote the bargaining power of firmU with respect to firmD andβ ∈ [0,1] its

relative bargaining power with respect to the regulator. The weighted Nash-bargaining solution

is the contract which maximizes the weighted Nash-product of utilities over all contracts(H0, p0)

satisfying the relevant participation constraints and reaction function. When firmD is not regulated,

the objective function to maximize is

Π∗ (H0, p0,q
∗
1) =

[
πU −0

]γ [πD−0
]1−γ

(2.11)

under the constraints on the existence ofq∗1 and participation constraints (2.9). When firmD is

regulated, the objective function becomes

Π̃(H0, p0, q̃1) =
[
πU −0

]β
[SW−S1(0)]1−β (2.12)

under the constraints on the existence of ˜q1 and the participation constraints (2.10).

2.7.2 Two examples

If β = γ = 1 then the situation is equivalent to the one studied until now where the upstream firm has

all bargaining power and can extract more from the regulator than from firmD. The optimal tariffs

are described in lemma2.1when firmD is not regulated and in proposition2.1when it is.Ex ante,

the regulator prefers not to regulate firmD in order to limit the rent extraction, despite the high final

price for good 1.

If, on the contrary,β = γ = 0 then all the bargaining power is in the hand of either the regulator

or firm D. In these circumstances, att = 1, both the regulator and firmD would propose a two-part

tariff equal to
(
FU ,cU

)
. Firm U ends at zero profit whatever the production level26 and firm D

chooses the vertically integrated monopoly productionqvi
1 while the regulator chooses the second

best27 level qviR
1 . At t = 0, the regulator compares social welfare levels reached whether or not firm

26This analysis is simplified by the assumption that firmU has a constant marginal cost.
27Second best and not first best because the cost of public funds corresponds to a first level of (assumed) imperfection.
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D is regulated. On the one hand, regulation yields

SWviR =
{

S1 +λp1q1− (1+λ)
[
CD +CU]}∣∣

q1=qviR
1

,

where all benefits from production and consumption are kept by the regulator. On the other hand,

the absence of regulation induces benefits from consumption ofqvi
1 and the maximum benefit of the

vertically integrated firmπvi, which yields

SW= {S1− p1q1}|q1=qvi
1
+(1+λ)πvi =

{
S1 +λp1q1− (1+λ)

[
CD +CU]}∣∣

q1=qvi
1

This is, by the very definition ofqviR
1 , lower than social welfare associated with regulation. Thus,

firm U gets zero profit in both situations, i.e. the first result of previous sections remains (weakly)

valid but,ex ante, the regulator prefers to regulate, i.e. the second result is not robust. In order to

specify the required conditions for validity of both results, let turn to the general case forβ andγ.

2.7.3 General case

If firm D is not regulated, the first order equations28 are

∂Π∗

∂H0
= (1− γ)Xγ−1

[
γ

1− γ
−X

]
= 0,

∂Π∗

∂p0
= q∗1

∂Π∗

∂H0
+ γ
(
p0−cU) dq∗1

dp0
Xγ−1 = 0,

whereX andY are defined as the following ratio

X =
πU −0
πD−0

, Y =
πU −0

SW−S1(0)
.

Thus, the equilibrium is characterized byp0 = cU andX = γ
1−γ which induces the following solution

q1 = qvi
1 , πU = γπvi, πD = (1− γ)πvi. (2.13)

28Please refer to section2.C.5, p.105, for the complete description of the computations.
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Firm U ’s profit related to this equilibrium can be rewritten

πU = γ
{

p1q1−
[
CD +CU]}∣∣

q1=qvi
1

.

Moreover, the level of social welfare is equal to

SW−S1(0) = {S1− p1q1}|q1=qvi
1
−S1(0)+(1+λ)(1− γ)πvi

= (1− γ)
{

S1 +λp1q1−S1(0)− (1+λ)
[
CD +CU]}∣∣

q1=qvi
1

+ γ {S1− p1q1−S1(0)}|q1=qvi
1

.

This expression is due an implicit assumption on firmD being public. Indeed, when firmD is

regulated, its profit or losses are added in the social welfare function with a multiplicative factor

(1+λ), i.e. with their associated benefit or cost, respectively, related to public funds. But when firm

D is not any more regulated, there isa priori no reason why its profit should contribute to public

funds, unless firmD is a public undertaking. This case, where firmD’s profit when it is not regulated

is added without the extra cost of public funds, is presented in the proof of lemma2.4(section2.C.5,

page105).

If firm D is regulated, the first order equations are

∂Π̃
∂H0

= (1+λ)(1−β)Yβ−1
[

β
(1+λ)(1−β)

−Y

]
,

∂Π̃
∂p0

= q̃1
∂Π̃
∂H0

+β
(
p0−cU) dq̃1

dp0
Yβ−1

and the equilibrium is also characterized byp0 = cU and, moreover,Y = β
(1+λ)(1−β) which induces

the following solution

q1 = qviR
1 , πU =

β
1+λ

[
SWviR−S1(0)

]
, SW−S1(0) = (1−β)

[
SWviR−S1(0)

]
. (2.14)



76 CHAPITRE 2. REGULATION, ESSENTIAL FACILITY AND RENT EXTRACTION

Social welfare higher under...

-
γ

0

1
6

β

0

1

"
"

"
"

"
"

"
"

"
"

"
" β̃(γ)

β̃(0)

β̃(1) NO REGULATION

REGULATION

Firm U ’s profit higher under...

-
γ

0

1
6

β

0

1
"

"
"

"
"

"
"

"
"

"
"

" β∗ (γ)β∗ (1)

REGULATION

NO REGULATION

Figure 2.4: Thresholds for social welfare and firmU ’s profit relative to bargaining powers of firmU
with respect to the regulator and firmD

Reminding the definition of SWviR, social welfare can be rewritten

SW−S1(0) = (1−β)
{

S1 +λp1q1−S1(0)− (1+λ)
[
CD +CU]}∣∣

q1=qviR
1

and firmU ’s profit is then equal to

πU =
β

1+λ
{

S1 +λp1q1−S1(0)− (1+λ)
[
CD +CU]}∣∣

q1=qviR
1

= β
{

p1q1−
[
CD +CU]}∣∣

q1=qviR
1

+
β

1+λ
{S1− p1q1−S1(0)}|q1=qviR

1
.

Ex ante(at t = 0), the regulator makes its mind about the option to regulate firmD by comparing

social welfare under the two possibilities. The corner examples given in the two previous paragraphs

make clearly the point that there should exist aβ̃(γ) such that social welfare is equal in both situa-

tions. Alternatively, one can compare firmU ’s profit in both cases. This is the point of the following

lemma.

Lemma 2.4. For all γ in [0,1], there existsβ∗ (γ) such that firm U’s profit at equilibrium under

regulation of firm D is equal to firm U’s profit at equilibrium without regulation, andβ̃(γ) such

that social welfare at equilibrium under regulation is equal to social welfare at equilibrium without

regulation. Moreover, these two thresholds are such that, for anyγ in [0,1], β̃(γ) > β∗ (γ) and
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β̃′ = β′∗ < 1. The same conclusions, except the equality of derivatives, are derived when firm D’s

unregulated profit do not benefit public funds.29

As shown by figure2.4, parametersβ andγ define three different regions. First, for a givenγ and

β < β∗ (γ), firm U would prefer firmD not to be regulated while the regulator decides the opposite.

Indeed, as the regulator’s bargaining power is high, i.e.β is low, it has a real interest to regulate

because it keeps most of the social value created by its regulation. On the other side, because its

bargaining power is too low when it faces the regulator, firmU extracts more rent from its direct

bargaining process with firmD.

Second, for̃β(γ) < β, firm U would get higher profits if regulation of firmD occurs while the

regulator favors the absence of regulation. In this case, the bargaining power between firmU and

the regulator turns in favor of firmU which prefers to make the regulator generate the highest social

value from production and consumption of good 1, and then extract most of it. This is the case of

the reference model studied in previous sections.

Third, for β∗ (γ) < β < β̃(γ), both the regulator and firmU prefer regulation. On the one hand,

the regulator is strong enough with respect to firmU so that it prefers to induce the consumption

of qviR
1 instead ofqvi

1 , i.e. the share of the higher “cake” SWviR−S1(0) it preserves when there is

regulation is still higher than the one it gets without regulation. On the other hand, firmU is better

with a portion of this larger “cake” than with what it gets from its bargaining with firmD (for which

the “cake” to share is onlyπvi).

Proposition 2.4. When bargaining power is shared, firm U obtains a greater profit when the down-

stream firm D is regulated if firm U’s bargaining power with respect to the regulator is larger than

the thresholdβ∗ (γ). Moreover, the regulator chooses not to regulate firm D when this same bar-

gaining power is larger than the thresholdβ̃(γ). Wheneverβ lies betweenβ∗ (γ) and β̃(γ), both the

regulator and firm U benefit from firm D’s regulation.

The introduction of bargaining power sheds some light on the benefits the regulator can find in

regulating.

29This case refers to the comment on the value of social welfare when firmD is unregulated, i.e. on the way the
regulator values the profit of the downstream firm with respect to the cost of public funds when this same downstream
firm is not regulated.
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On the one hand, bargaining between firmU and the regulator ends with efficient production

and allocation30 of good 1. Moreover, when the regulator’s bargaining power with respect to firmU

increases, i.e.β decreases, the regulator keeps a higher stake of the social value created by production

and consumption of good 1, increasing the value associated with regulation. As regulation is Pareto

optimal in this context, there exists aβ̃ for every possibleγ such that, forβ < β̃, the regulator will

prefer regulation.

On the other hand, in the absence of regulation, production occurs as the result of the bargaining

process between upstream and downstream firms. This production induces efficient production but

inefficient allocation of good 1. Nevertheless, both consumers and firmD benefit from production

of good 1: consumers get a strictly positive surplus and firmU keeps a positive profit from its sale.

This means that social welfare is higher than consumers surplus (strictly ifγ > 0) and is worth being

considered by the regulator. Thus, for a constantβ, when the bargaining power ofU with respect

to D decreases, firmD keeps a higher part of the gain from production of good 1 and the regulator

might want to abandon regulation because what firmU keeps is higher than what the regulator can

hope to get in its bargaining process.

Let now move to the analysis of the influence of the asymmetric information in driving the main

results.

2.8 Asymmetric information

One could suspect that asymmetries of information would modify the result. In order to have some

insights with respect to this issue, the model has to be slightly modified. There are many ways

through which some degree of asymmetry can be introduced: is the cost of public funds known

by the foreign firmU? is firm D’s cost a private information? is the asymmetry identical for the

foreign firmU and the national regulator? The goal of this section is not to provide an exhaustive

treatment of asymmetric information in this context but rather to get some idea on how the main

results would be modified. For the purpose of this exercise, private information is added on the side

30Allocation is efficient in the sense that the quantity produced isqviR
1 .
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of the downstream firm and both firmU and the regulator face the same lack of knowledge: they

share the same beliefs on firmD’s cost function.

2.8.1 Model with asymmetric information

Downstream sector. The cost of firmD, exclusive of the two-part tariffTU , becomesCD(β,

q1,e) with a constant fixed costFD. The parameterβ represents the type of firmD, an efficiency

parameter chosen by nature, withCD
β > 0, while e represents the manager’s effort, withCD

e < 0.

This effort decreases the cost of production but implies a disutility of effortψ(e), with ψe > 0

andψee > 0 for e > 0 andψ(0) = 0. For the sake of simplicity, the cost function is specified by

CD (β,q1,e) = FD +(β−e)q1.31 Keeping the same accountancy assumptions than in section2.2,

the utility or profit function of firmD is

πD = t−ψ(e) ,

wheret stands for the net transfer from the regulator to firmD.

Asymmetry of information. Neither the regulator nor firmU observe the efforte or the type

β of firm D. The cost structure of firmD, its fixed cost and the beliefs on the distribution of the

typeβ are common knowledge. The regulator and firmU observe the total cost and the quantityq1.

Moreover, they know thatβ can take two values:β (efficient firm) with probabilityν andβ (less

efficient firm) with probability 1−ν, with ∆β = β−β > 0.

The revelation principle is used for all contractual relationships such as between the regulator

and firmD or, when there is no regulation, between firmU and firmD.

Thus, when it regulates firmD, the regulator proposes a menu of contracts, for each possi-

ble type ofβ, which associate a net transfert, a final quantityq1 and a costCD of producingq1:

(t(β),q1(β),CD(β)), (t(β),q1(β),CD(β)). This menu must be characterized under incentive com-

patibility constraints and it has to verify the individual participation constraints. Under these condi-

tions, the type is revealed, the total cost and the fixed cost are observed, so the regulator can deduce

31The modified model is close to the generic model used in Laffont and Tirole (1993). This cost simplification plays
its main role in the writing of the maximization programs and of the rent function.
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the mean cost and the efforte(β) exerted by the firm. Thus, by an abuse of notation, the menu of

contracts is equivalently written(t,q
1
,CD), (t,q1,C

D) or (t,q
1
,e), (t,q1,e).

When the regulator decides not to regulate the downstream firm, it allows firmU to contract

directly with firm D and these contracts are assumed to be designed by the upstream firm under the

same kind of assumptions and mechanism than the regulator.

2.8.2 Analysis of contracts

When there is full information, it has been shown in section2.4that firmU obtains more when firm

D is regulated than when it is not by comparing two-part tariffs chosen in each case. The same trick

cannot be used with asymmetric information because it is assumed that contracts that firmU propose

to the regulator (single two-part tariff) or to firmD (menu of tariffs) are not of the same nature. This

is due to the (assumed) absence of asymmetry of information between firmU and the regulator. But

the essence of the argument is kept. Indeed, the relevant benchmark for firmU is what occurs if

there is no regulation as opposed to when the regulator regulates firmD.

The line of attack used to address this asymmetric information is the following. First, as in sec-

tion 2.3, the optimal contract when the regulator regulates the vertically integrated firm is exhibited

and labeled “viR”. Then, the optimal two-part tariff proposed by firmU to firm D, when this latter

is not regulated, is computed and labeled “vi”.32

The comparative statics of the asymmetric information case are summed up in table2.3, using

the notations described above andφ(e) as the rent extracted by an efficient firm exerting efforte. All

computations are detailed in annex (section2.A, page93). They yield the following results.

Proposition 2.5. Under asymmetric information, firm U can always obtain a greater profit when the

downstream firm D is regulated, and the regulator never chooses to regulate firm D.

Lemma 2.5. If CD
eq is negative, the informational rent of the efficient firm D is higher under reg-

ulation. Moreover, if beliefs of the regulator with respect to the efficiency parameter first order

32It is clear that, at this stage, there is a (voluntary) mix between the optimal contract and its implementation: only the
optimal two-part tariff is studied when there is no regulation even if this particular tariff may not be the optimal one over
all possible contracts. A better way to proceed would be to compute the optimal contracts in both situations. Therefore,
this section is not entirely satisfactory but, despite this limitation, the lessons it brings are worth being discussed. In
particular, it is sufficient to show the influence of asymmetric information in this framework.
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Asymmetric information Regulation No regulation

Production of good 1

{
β : qviR

1
β : qviR

1

>

{
β : qvi

1
β : qvi

1

Firm D’s effort level

{
β : eviR

β : eviR >

{
β : evi

β : evi

Expected social welfare S1(0) <
E
[
S1
(
qvi

1

)
− p1

(
qvi

1

)
qvi

1

]
+νφ

(
evi
)

Firm D’s informational rent

{
β : 0
β : φ

(
eviR
) =

>

{
β : 0
β : φ

(
evi
)

Firm U ’s profit
E[SWviR−S1(0)]

1+λ > E
[
πvi
]
−νφ

(
evi
)

Table 2.3: Results on the opportunity of regulating the downstream firm, with asymmetric informa-
tion on its cost function

stochastically dominates those of the upstream firm, the difference in this informational rent de-

creases.

Thus, the introduction of asymmetric information does not modify the main results on rent ex-

traction and regulatory decision. The only differences are that: (1) the upstream firm can extract less

profits from regulation of the downstream sector than it could in the perfect information case; and

(2) the efficient downstream firmD gets a higher informational rent when it is regulated. Indeed,

the asymmetry of information limits the ability of the regulator to increase social welfare and, con-

sequently, it limits the amount that the upstream firm can ask the regulator for its product. However,

this does not change the way the rent is extracted and the fact that the final equilibrium is again not

Pareto optimal.

Moreover, it turns out that the trade-off between rents and efficiency depends on the regulator’s

decision with respect to firmD: both types of firmsD have to produce more and provide more

efforts when regulation occurs.33 This can be deduced from the first order conditions of firmU and

the regulator, once the relevant constraints have been taken into account, which are summarized in

33This results requiresCqe to be negative, which is assumed in this section. Please refer to section2.C.8, p. 112 for
computations and the treatment of the alternative case.
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the following equations

 p1(q1)+ p1q(q1)q1 +
[
− 1

1+λ p1q(q1)q1

]
= CD

q (β,q1,e)+CU
q (q1) ,

−CD
e (β,q1,e) = ψe(e)+ γφe(e)−

[
1

1+λγφe(e)
]

,

where, first, the contracts proposed by firmU correspond to the limit case whereλ → +∞ and,

second, the contracts for the efficient type correspond toγ = 0. These equations show how, for given

quantity and effort, either marginal profit is higher for the regulator than for firmU or marginal

cost is lower. On the one hand, by marginally increasing the quantity produced, marginal costs

(of production of intermediate and final goods) do not vary withλ while marginal benefits (given

by the price of the final good and the negative effects related to price reduction) are higher for the

regulator. This is related to the term in brackets which limits this negative effect for the regulator.

Indeed, consumption allows this later to save public funds and the increase of output is less painful.

On the other hand, by marginally increasing the required effort level of the inefficient type (γ > 0),

marginal benefit (of this effort on cost) is identical for firmU and the regulator whereas marginal

costs (of producing this effort and related to the informational rent of the efficient type) are lower

for the regulator. Transferring one euro from firmU to the efficient firmD costs one euro to the

former but the same operation from the regulator to firmU only costsλ euro, the cost of public

funds associated to this transfer, because both consumers and firmU take part in social welfare. To

sum up, first, chosen quantity is higher with regulation, for a given effort level and, second, chosen

effort for the inefficient type is also higher with regulation, for a given quantity produced.

Eventually, the analysis of these informational rents may be of some importance here. When the

regulator does not regulate firmD, the efficient typeβ saves a rentφ(evi). On the contrary, when it

does regulate firmD, the same efficient typeβ getsφ(eviR) > φ(evi). Assume a more general frame-

work where there is a separation between the government and the regulator. On the basis of this

chapter, the social planner should not regulate the final market. If there are different objective func-

tions between the regulator and the government, let say the regulator gets a private benefit related to

regulation or the government is sensitive to lobbying, then table2.3shows that both the efficient firm

D and firmU could have an incentive to lobby for regulation to occur, whereas the regulator would
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argue the opposite decision.34 This divergence of interests plays no role in the current framework

because firmD has no power except to refuse the proposed contract, which is never in its interest.

It is also of less importance whenever the regulator beliefs about the efficient type is higher than the

one of the upstream firm. Nevertheless, lemma2.5exhibits a potential rationale for conflicts if one

were to model lobbying in the regulatory process.

2.9 Regulation under budget constraint

One can still wonder whether the constant cost of public funds does not drive by itself the surprising

result that the regulator does not want to regulate a monopoly, should this monopoly need an essential

facility sold through non-linear tariffs. Indeed, thanks to this cost of public funds, the regulator has

a higher buying power for this essential facility than the downstream firm itself. On the one hand,

as shown by lemma2.3, firm U ’s profits are decreasing inλ. On the other hand, the more money

the regulator extracts from its public funds, the more distorting the taxation should be, generating

a higherλ. Now, this may be the case that, even if the industry by itself is of a small size, i.e. the

no-regulationtariff is small relative to the overall amount of public funds, consumer surplus may be

large enough so that, when raised by the regulator to pay the tariff under firmD’s regulation, this

could influence (and increase) the value ofλ. Thus, one would suspect that, if the logic behind the

rent extraction does not change with the value ofλ (the production of the final good has a higher

value for the regulator than for the downstream firm, thanks to the consumer welfare), the level of

the rent could be far less than what is scheduled by proposition2.1.

Moreover, it has also been shown that regulation induces lower price for the final good and high

rent extraction at the same time. This seems rather contradictory as the higher the transfer to the

upstream firm, the larger the distortion related to taxation which translates in high prices of final

goods to consumer. Thus, one may wonder what are the consequences on consumed goods of the

size of the rent extracted by the upstream firm when regulation takes place.

34It is not clear that the efficient firmD will alwayshave an interest to lobby as, “broadly writing”, its private informa-
tion could be signaled from this behavior, the inefficient firmD being indifferent between regulation or not. Nevertheless,
this could play a role in the strategy of the efficient upstream firm.
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This section is dedicated to the study of the same kind of regulatory problem as in previous

sections but with a budget constraint and its endogenous associated cost, i.e. in the context of a

regulationà la Ramsey-Bôıteux where monetary transfers are prohibited between consumers and

regulated firms. This restricts the financing of these industries to collecting and possibly sharing the

gains from the sell of their final products. This assumption of budget constraint over the regulated

industries does not allow to restore economic efficiency but, first, it allows another interpretation of

the cost of public funds and, second, it exhibits the trade-off between the level of final products price

and the need for downstream firms’ fixed cost financing.35

2.9.1 Model

Economy. Introducing a regulatory framework̀a la Ramsey-Bôıteuxrequires some modifica-

tions in the model proposed in section2.2. In particular, it is necessary to introduce, on top of

firm D’s activity, n−1 additional (downstream) regulated goods produced by a multi-product na-

tional firm calledN. Along with goodi = 1 produced by firmD, all these final goods indexed by

i = 2, ...,n are regulated36 and regulating both firms under the same budget constraint allows a better

flexibility. Therefore, altogether, firmsD andN represent a conglomerate of all regulated activities

in this economy,37 i.e. they can be viewed as a single multi-product regulated firm with jointly liable

activities. The question asked to the regulator is: should one separate from this conglomerate the ac-

tivity of firm D which requires the essential input produced by firmU and priced through non-linear

tariff? FirmsD andU remain as in the reference model, i.e. all the bargaining power in the hand of

the upstream firm and there is no asymmetry of information.

Downstream sector. Firm N has a cost functionCN (q2, . . . ,qn), with marginal costCN
qi

> 0 for

each goodi and with fixed (not sunk) costsFN
i ≥ 0 for the production of goodi, as it is assumed

35Contrary to what is suggested in this presentation, the regulatory frameworkà la Ramsey-Bôıteuxis anterior to the
oneà la Laffont-Tirole. This latter has been proposed in reaction to thead hocconstraints imposed by the former, such
as the budget constraint and the lack of transfer between the regulator and the regulated firms. For a more detailed
presentation of the regulatory frameworkà la Ramsey-Bôıteux, please refer to Bôıteux (1956), Laffont and Tirole (1993,
pp. 30–34) and Brown and Sibley (1986).

36The other part of the national economy is assumed to have no link with the regulated one.
37These activities may be regulated for different reasons: natural monopolies, strategic industries, universal service

obligations, etc.
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for firm D. The cost functionCN is assumed to be separable, such that one can extract the cost of

producing goodi, CN
i , for eachi = 2, ...,n.38 The profit of firmN’s activity concerning goodi is

namedπD
i (qi) and is maximized by a production level calledqm

i . Profits are therefore

πU (q0) = TU (q0)−CU (q0) ,

πD (q1) = p1(q1)q1−CD (q1)−TU (q1) ,

πN (q2, ...,qn) = ∑n
i=2

[
pi (qi)qi −CD

i (qi)
]
.

Moreover,πvi
1 (q1) = p1(q1)q1−CD

1 (q1)−CU (q1) is used to describe the profit of the (virtual)

vertically integrated firm, made of firmsU andD, producing good 1.

Consumers. Consumers are characterized by independent gross surplusesSi (qi) for each good

i,39 with Siqi = pi (qi), the inverse demand curve for goodi, andSiqiqi < 0.

Regulator. The regulator regulates firmD by choosing the final outputs in order to maximize

social welfare SW(q1, ...,qn) while taking into account that prices ensure positive profits to the

regulated sector, i.e. either firmsD andN if D remains regulated, or firmN alone otherwise. As

before, firmU ’s profit does not appear in the social welfare which is equal to the sum over all goods

i of consumers’ net surpluses and profits of firmsD andN

SW(q1,q2, ...,qn) = ∑n
i=1 [Si (qi)− pi (qi)qi ]+πD (q1)+πN (q2, ...,qn) .

The problem studied remains the same: what is the influence of the regulatory activity on the

strategy of the upstream firm? As in the Laffont-Tirole framework, two cases are studied: when the

regulator decides to regulate firmD and when it decides not to regulate this latter, as subgames of

38The assumption of separability on the cost side eases the description of the argument but it is not essential. For
instance, a common fixed cost between the production of good 1 and another goodj could be introduced in the model. It
does not change much the results in the sense that the optimal policy remains qualitatively the same but the allocation of
this cost becomes part of the strategy. Indeed, when the regulator decides not to regulate firmD, the regulator separates
firm D from the other activities of firmN and fully allocates the common fixed cost to firmD so that it decreases the rent
of firm U and increases social welfare. Moreover, a common fixed cost between two activitiesi and j different than 1
does not change anything in the argument for rent extraction, but plays a role in the pricing of each of these activities.

39This assumption is also made to facilitate the writing of the maximization programs and allows to focus on the main
effects of this model.
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Figure 2.5: The industry vertical structure under budget constraint: without (left) or with (right)
regulation

the game described by figure2.3, page67. This section goes through the analysis and discusses the

results. All proofs are collected in the appendix (section2.C, page102).

2.9.2 No regulation of market1

FirmU contracts directly with firmD when it is not regulated. This is a standard situation of vertical

relationship with all bargaining power in the hand of the upstream firm. Moreover, there is no

influence between different final markets. Thus, there is a complete separation between the policy

of the regulator on marketsi = 2, . . . ,n and the strategy of the upstream firm.

As in section2.3.2, the upstream firm extracts the maximum profit of the vertically integrated

firm by proposing the tariff described in the following lemma.40

Lemma 2.6 (Lemma2.1). Without regulation, the optimal two-part tariff for firm U is TU (q1)

= πvi
1

(
qvi

1

)
+ FU + cUq1. The quantity produced is qvi

1 . Firm U’s profit is πvi
1

(
qvi

1

)
and the social

welfare level is S1
(
qvi

1

)
− p1

(
qvi

1

)
qvi

1 . Firm D gets zero profit.

This is theno-regulationtariff in the Ramsey-Bôıteux framework, i.e. the two-part tariff that

firm U would ask the regulator if it considered this latter as a mail-box that transmits the proposal

to firm D, but not as an active player. As in the Laffont-Tirole context, this tariff induces inefficient

production of good 1.

40Please refer to the proof of lemma2.1, p.102.
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As it does not intervene in market 1, the regulator maximizes social welfare by fixing the prices

of goodsi = 2, ...,n, under the constraint that firmN gets at least zero profit

maxq2,...,qn

[
∑n

i=2Si (qi)−CN (q2, ...,qn)
]

s.t. πN (q2, ...,qn)≥ 0,

i.e. pi (q̂i)−CN
qi

(q̂2, ..., q̂n)+ λ̂
1+λ̂

piq (q̂i) q̂i = 0 for i = 2, ..,n.

(2.15)

whereλ̂ is the Lagrange multiplier associated to the budget constraint.41 It is assumed that second

order conditions are satisfied and that there is a unique solution{q̂i (p0,H0)}i=2,...,n for any proposed

p0 andH0 of the accepted two-part tariff such thatλ̂ > 0.42 Thus, regulation results in prices for

good i = 2, ...,n à la Ramsey-Bôıteuxand firmD getting zero profit, i.e. social welfare ends up as

consumers surpluses.

Thus, when there is no regulation of firmD, social welfare is equal to SW
(
qvi

1 , q̂2, . . . , q̂n
)
. More-

over, when there is no production of good 1, i.e. whenq1 = 0, the regulator still faces the same

objective function which yields SW(0, q̂2, . . . , q̂n).

2.9.3 Regulation of firmD

If the regulator decides to regulate firmD then, givenTU , it maximizes social welfare under the

constraint that the entire regulated sector makes at least zero profit, i.e.

maxq1,q2,...,qn

[
∑n

i=1Si (qi)−CD (q1)−CN (q2, ...,qn)−TU (q1)
]

s.t. πD (q1)+πN (q2, ...,qn)≥ 0,

i.e. p1(q∗1)−CD
q1

(q∗1)− p0 + λ∗
1+λ∗ p1q(q∗1)q∗1 = 0

pi (q∗i )−CN
qi

(q∗2, ...,q
∗
n)+ λ∗

1+λ∗ piq (q∗i )q∗i = 0 for i = 2, ..,n.

(2.16)

41In the absence of more detailed specification on the cost functions, i.e. related to the reasons for regulation of firm
N’s activities, all cases on̂λ are possible:̂λ = 0 and̂λ > 0. Nevertheless, in the presence of fixed cost and with constant
marginal cost, for example, the only possible solution becomesλ̂ > 0, which seems more meaningful from the economic
point of view because it induces zero profit for firmN.

42In particular, there may be some values forp0 andH0 such that this system has no solution, but these values will not
be proposed by firmU .
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It is assumed that second order conditions are satisfied and that there is a unique solution{q∗i (p0,

H0)}i=2,...,n for any proposedp0 andH0 of the accepted two-part tariff such thatλ∗ > 0.43 FirmsD

andN get zero overall profit and social welfare ends up as consumers surpluses.

The regulator refuses the proposed tariffTU if one of the two following conditions is fulfilled: (1)

payingTU yields less social welfare than not providing good 1, i.e. the solution of (2.16) is such that

SW(q∗1,q
∗
2, ...,q

∗
n) < SW(0, q̂2, ..., q̂n); (2) there is no way to raise enough funds from the economy

to payTU , i.e. the proposedp0 andH0 are such that there is no possible solution{q∗i (p0,H0)}i=1,...,n

to the program (2.16).

This second condition means that, for a givenp0, H0 must not violate the budget constraint

∑n
i=1 pi (qi)qi −CD (q1)−CN (q2, ...,qn)−FU − p0q1 ≥ H0−FU .

The left hand-side of the inequality corresponds to the profit of an integrated monopoly (firmsU , D

andN altogether) facingp0 as marginal cost of producing good 0. This inequality clearly states that,

for a givenp0, H0−FU cannot be higher than the maximum profit this integrated monopoly can

obtain, i.e. forq1 = qm
1 (where monopoly output is defined for the givenp0) andqi 6=1 = qm

i . If this is

not the case, then the regulatory body cannot extract from then markets the required bill demanded

by H0.

It is not easy to predict which of these two constraints will be binding first when increasingH0.

Nevertheless, the following lemmas helps understanding how rent is extracted in this context.

Lemma 2.7. The regulator always accepts theno-regulationtariff if the upstream firm U proposes

it. Moreover, this tariff induces regulated outputs such that the resulting social welfare is strictly

higher than social welfare in the absence of production of good1.

Lemma 2.8. Assume that the upstream firm U proposes a tariff TU (q1) = H0 + p0q1, with the

associated regulated output values(q̃1, q̃2, ..., q̃n) such thatSW(q̃1, q̃2, ..., q̃n) > SW(0, q̂2, ..., q̂n).

Except in the extreme case whereq̃1 = qm
1 (where monopoly output is defined for the given p0) and

q̃i 6=1 = qm
i , it is always optimal for the upstream firm U to ask for a two-part tariff with a fixed part

strictly higher than H0.

43The same remark applies forλ̂ andλ∗. See footnote42.
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Unless all prices have reached monopoly levels (withpm
1 being defined for the givenp0), the

regulator is ready to distort them so that it can raise enough funds to pay for the fixed chargeH0.

The increase in any price, and its consequences in terms of consumer surplus, is less socially costly

than the absence of production of good 0. Thus, moving from the two-part tariff without regulation,

firm U can raiseH0 unless either regulation imposes monopoly prices over all markets, or prices

induced by regulation are such that the resulting level of social welfare is identical to its level when

there is no production of good 1 and independent regulation of all other final products.

There are two possible situations at equilibrium, after acceptance of the tariff, depending on the

structure of the economy. First, all prices are at monopoly levels (for a givenp0). FirmU cannot ask

for a higher two-part tariff to the regulator who cannot raise more funds by distorting final markets,

even if consumer surplus related to good 1 would justify such an increase. This case corresponds to

a situation where good 1 is of a great importance for consumers.

Second, social welfare is equal to its level without production of good 1. The regulator will not

accept a further increase because it would prefer not to produce any more good 1. This situation

corresponds, for example, to an economy where good 1 is comparable in consumers’ tastes to other

goods. At equilibrium, social welfare ends up at the highest of these two levels.

Eventually, the mechanism of rent extraction turns out to be the same than in previous sections:

the fixed-part is set so as to make the (most constraining) acceptance constraint binding, i.e. to extract

all what is made available in the economy, and the unit price yields efficient production of good 1,

i.e. p0 = cU so as to maximize the overall social value for the production of good 1.

2.9.4 Choosing whether or not to regulate

When comes the time for the regulator to choose whether or not to regulate firmD (at t = 0),

it has to compare potential equilibria in terms of social welfare. With regulation, it obtains ei-

ther SW(0, q̂2, ..., q̂n) or SW
(
qvi

1 ,qm
2 , ...,qm

n

)
; without regulation, SW

(
qvi

1 , q̂2, ..., q̂n
)
. The consumer

surplus associated with good 1 is always higher when there is consumption of this good, thus

S1
(
qvi

1

)
− p1

(
qvi

1

)
q1 > S1(0). Moreover, by definition of monopoly prices,Si (q̂i)− pi (q̂i) q̂i >

Si (qm
i )− pi (qm

i )qi . Conclusion follows (for the case of firmU ’s profit valued by the regulator,

please read the dedicated section2.B, page99).
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Proposition 2.6. When regulation is formalized̀a la Ramsey-Bôıteux, the upstream firm U can al-

ways obtain a greater profit when the downstream firm D is regulated, and the regulator never

chooses to regulate firm D. When firm U’s profit is added in the social welfare with a coefficientα,

it extracts at least as much as when it is not added at the expense of the regulator.

Thus, both results are robust to a change in the regulatory framework. Moreover, as in the

Laffont-Tirole framework, this equilibrium turns out not to be Pareto optimal: faced with the equi-

librium tariff without regulation, the regulator would rather regulate good 1 output while keeping

constant firmU ’s profits.

2.10 Conclusion

This chapter shows, first, that consumers do benefit when a regulator does not regulate an industry

characterized by the need of input produced by an unregulated monopoly with all bargaining power

and sold through non-linear tariff, even if regulation ends with lower price. Second, it shows that

this unregulated upstream monopoly obtains a higher profit when the downstream firm is regulated.

From a regulatory policy point of view, the usual scrutiny of “which final good market” to reg-

ulate (subadditivity of cost, universal service obligations, e.g.) has to be reviewed in the sense of

a deeper analysis of the upstream context of these industries. Upstream markets characterized by

monopoly power on some inputs or essential facilities are clearly identified as markets for which the

final good should not be regulated or, at least, should be regulated with caution. Moreover, the seller

of the essential facility can benefit from the regulation of any firm requiring this input, by extracting

part of the consumer surplus on the regulated markets.

The way the essential facility seller achieves this rent extraction stands in two main elements.

First, because it takes into account consumers surplus in its objective function, the regulator attaches

a higher value to the production of the final good than does the downstream firm producing this

same good. Second, the regulator is endowed with a higher buying power than the downstream

firm because it can make use of public funds coming either from imperfect taxation or from cross-

subsidization among regulated industries. Thus, when considering the sale of its input, the upstream

firm faces either the downstream firm or the regulator. And this latter has a higher value of the input
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and more money to pay for it. Therefore, it is not surprising that, on the one hand, the upstream firm

prefers to contract with the regulator and that, on the other hand, the regulator wishes to limit this

rent extraction by committing not to regulate the downstream firm before the upstream firm proposes

its tariff.

These results are mainly driven by two assumptions. First, the upstream firm must use non-linear

tariffs for the sale of the intermediate good. Second, it must also have some degree of bargaining

power over the regulator and the downstream sector. Regarding non-linear tariffs, it turns out that

they are widely used in many industries, especially regarding patents and licensing. Thus, this

assumption is notper serestrictive. Regarding bargaining power, section2.7 shows that, as far as

the upstream firm’s bargaining powers are over some thresholds, the same two results remain true

when gains from the economic interaction between the upstream firm, the downstream firm and the

regulator are shared.

Finally, the analysis is robust to changes in some other assumptions such as taking into account

the upstream firm’s profit in social welfare, asymmetric information with respect to the cost of the

downstream firm, or the change in the regulatory framework. The main changes are related to the

absolute levels of rent extracted by the upstream firm.

In political economy terms, one significant consequence of these results is that the upstream firm

should be the most fervent supporter of regulation and, for instance, should lobby for it. This is

rather surprising, at least at first sight. Another topic to be analyzed relies in the paradox of the

equilibrium where the regulator, which is suppose to regulate, decides not to “work” because it is

not socially optimal to regulate the market of the final good 1 at the equilibrium. Thus, one would

want to extend the principal-agent framework used in this chapter in a government-regulator-agent

model and study the interactions between all these players.

One can also point out the lack of outside options of both the regulator and the downstream

firm. The upstream firm gets its power from its essential input which leaves the regulator wishing to

regulate the final market either to accept the tariff or to deny production. But this latter could also

try to invest in research and development in order to find a substitute to good 0. This would open the

discussion related to private versus public research.
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Moreover, in the presence of asymmetric information, the efficient downstream firm gets a higher

informational rent with regulation. Its interest goes on the opposite side of the ones of the benevolent

government, but in the same as the upstream firm. In this context, there is place in this model for

lobbying by the downstream firm.

Finally, one can also wonder if this kind of argument still holds in a context where the upstream

firm contracts with an unregulated downstream multi-products firm. In particular, when downstream

markets are complementary, is it optimal for this latter to split in two different entities in order to

avoid profit extraction by the upstream firm?
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2.A Annex: Asymmetric information in the Laffont-Tirole frame-

work

This annex contains all the elements necessary to assess the conclusions reached in section2.8. First,

some benchmarks are studied. Then the impact of the asymmetry of information is analyzed when

the regulator either regulates firmD or shuts it down. Finally, the case where the regulator is given

the opportunity not to regulate firmD is studied. For the sake of simplicity, firmD’s cost function is

assumed to be

CD (β,q1,e) = FD +(β−e)q1.

All proofs are collected in the appendix, page102.

2.A.1 Benchmark cases

As in the full information case, the following benchmarks describe two well-know cases to which

the reminding of the analysis can be compared. The first benchmark is the best situation for the

regulator, in the presence of asymmetric information and costly public funds, from the total social

welfare point of view. The regulator regulates both firms and takes into account firmU ’s whole

profit in the social welfare. The second benchmark corresponds to what should bea priori the worst

situation, where the regulator regulates none of the firms which directly contract one with another.

Regulation of both firms

As in section2.3.1, let consider the case where the upstream firm is a national one, i.e. both firms

are regulated as if they were vertically integrated and added in social welfare, with the asymmetry

of information on the part of the cost due toCD. If the regulator has an interest to propose an incen-

tive contract to both types instead of proposing only a contract for the efficient firm, it maximizes

expected social welfare (arguments omitted)

max
q

1
,e,t,q1,e,t

E
[
S1 +λp1q1−λ [t−ψ]− (1+λ)

[
ψ+CD +CU]]
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under the individual participation and incentive compatibility constraints for the vertically integrated

firm. Following the standard analysis, as in Laffont and Tirole (1993, pp. 57-59), yields the usual

system of first order conditions



p1

(
q

1

)
−CD

q

(
β,q

1
,e
)
−CU

q

(
q

1

)
+ λ

1+λ p1q

(
q

1

)
q

1
= 0,

ψe(e)+CD
e

(
β,q

1
,e
)

= 0,

p1(q1)−CD
q

(
β,q1,e

)
−CU

q (q1)+ λ
1+λ p1q(q1)q1 = 0,

ψe(e)+CD
e

(
β,q1,e

)
+ λ

1+λ
ν

1−νφe(e) = 0,

(2.17)

whereφ(e) = ψ(e)−ψ(e−∆β) is the informational rent that typeβ gets because it can pretend to

be of typeβ, with φ > 0 andφe > 0. It is assumed that the second order conditions are satisfied and

that this system of equations has a unique solution{(eviR,qviR
1

),(eviR,qviR
1 )}.

This is the best that the regulator is able to implement with asymmetric information. These social

welfare levels associated toβ andβ are respectively noted SWviR andSW
viR

such that

 SWviR = SviR
1 +λpviR

1
qviR

1
−λφviR− (1+λ)

[
ψviR+CD

(
β,qviR

1
,eviR

)
+CU

(
qviR

1

)]
,

SW
viR = S

viR
1 +λpviR

1 qviR
1 − (1+λ)

[
ψviR+CD

(
β,qviR

1 ,eviR
)

+CU
(
qviR

1

)] (2.18)

and the expectation overβ is noted E
[
SWviR

]
= νSWviR+(1−ν)SW

viR
. The vertically integrated

firm of inefficient type gets zero profit, while the efficient type gets an informational rentφ
(
eviR
)
.

Let’s noteπviR andπviR the following levels

 πviR = p1

(
qviR

1

)
qviR

1
−
[
ψ
(
eviR
)
+CD

(
β,qviR

1
,eviR

)
+CU

(
qviR

1

)]
,

πviR = p1
(
qviR

1

)
qviR

1 −
[
ψ
(
eviR
)
+CD

(
β,qviR

1 ,eviR
)

+CU
(
qviR

1

)] (2.19)

and E
[
πviR

]
= νπviR+ (1−ν)πviR. They represent the profits of the vertically integrated firm of,

respectively, efficient and inefficient type, when the production levels are, respectively,(eviR,qviR
1

)

and(eviR,qviR
1 ).
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No regulation of the downstream firm

Consider now the case where there is no regulation of firmD, i.e. where firmU contracts directly

with firm D. Assuming firmU has an interest to provide an incentive contract instead of propos-

ing only a contract for the efficient firmD, it maximizes its expected profit under the individual

participation and incentive compatibility constraints for firmD. Denoting

E
[
πvi]= νπvi

(
β
)

+(1−ν)πvi
(

β
)

,

the analysis is standard and is summarized in the following lemma.

Lemma 2.9. If, under the same asymmetry of information as the regulator with respect to firm D,

firm U proposes directly a menu of contracts to firm D, the optimal menu of contracts for firm U

yields final outcomes qvi
1

and evi, or qvi
1 andevi. Firm U’s expected profit isE

[
πvi
]
−νφ

(
evi
)

and the

expected social welfare level isE
[
S1
(
qvi

1

)
− p1

(
qvi

1

)
qvi

1

]
+νφ

(
evi
)
. Firm D’s profit is0 when it is of

typeβ andφ
(
evi
)

when it is of typeβ.

2.A.2 Socially harmful regulation

The timing of the game follows the same path as described in section2.4: first, nature chooses the

typeβ of firm D; second, the upstream firmU proposes the two-part tariff to the regulator; third, the

regulator decides to accept or not the tariff and computes the optimal mechanism for firmD; and,

finally, the downstream firm chooses a contract from the mechanism and produces the final good.

Strategy of the regulator

If it accepts the tariffTU , assuming that the regulator prefers to make both firms produce than to

propose a contract only to the efficient one, the regulator maximizes its expected profit, under the

constraints of individual participation and incentive compatibility for each type of firmD

max
q

1
,e,t,q1,e,t

E
[
S1 +λp1q1−λπD− (1+λ)

(
ψ+CD +H0 + p0q1

)]
.
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Standard analysis yields the system



p1

(
q

1

)
−CD

q

(
β,q

1
,e
)
− p0 + λ

1+λ p1q

(
q

1

)
q

1
= 0,

ψe(e)+CD
e

(
β,q

1
,e
)

= 0,

p1(q1)−CD
q

(
β,q1,e

)
− p0 + λ

1+λ p1q(q1)q1 = 0,

ψe(e)+CD
e

(
β,q1,e

)
+ λ

1+λ
ν

1−νφe(e) = 0,

which is assumed to be uniquely solved for any proposedp0 by{(q∗
1
(p0) ,e∗ (p0)),(q∗1(p0) ,e∗ (p0))}.

As in the full information case, this solution does not depend onH0. Only the efficient type gets a

strictly positive profitπD = φ(e∗), inducing socially efficient production and effort levels for the

good type on the contrary of those of the bad type.

If there is no production, social welfare is equal toS1(0). Thus, the regulator acceptsTU as long

as social welfare when there is production is greater than or equal toS1(0).

Strategy of the upstream firm

The same type of results are obtained as in the full information case. When maximizing its profits,

firm U takes into account the constraints that, first, the final quantity and effort are determined by

p0 and, second, the acceptance of the tariff depends on the quantity and effort set by the contract of

the regulator and onH0. Therefore, for a givenp0, the acceptance of the tariff limits the raise ofH0

and the constraint is binding. FirmU has, up to a constant, the same objective as the regulator. Its

optimal strategy with two-part tariff is to generate the highest possible social welfare by the choice

of the quantity and effort throughp0, and to ask for it throughH0. The main difference with the

full information case is that firmU has only one instrument, namelyp0, to generate the solution

{(q∗
1
,e∗),(q∗1,e

∗)}. But this is possible here because firmU ’s marginal cost is constant.44 The

equilibrium is summarized in the following lemma.

Lemma 2.10. Under asymmetric information, firm U can always obtain a greater profit when the

downstream firm D is regulated.

44In case of non-constant marginal cost, proposing a single two-part tariff does not induce the optimal contract. In or-
der to deal with such a case, one should consider the computation of the optimal contract and its further implementation.
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Moreover, the optimal45 two-part tariff for firm U when there is regulation is

TU (q1) =
1

1+λ
E
[
SWviR−S1(0)

]
+FU +cUq1,

which yields a profit ofπU = 1
1+λ E

[
SWviR−S1(0)

]
and final outcomes qviR

1
and eviR, or qviR

1 and

eviR. The expected social welfare is S1(0) and corresponds to the zero production situation. Firm D

gets zero profit when it is of typeβ andφ
(
eviR
)

when it is of typeβ.

The regulation of firmD under asymmetric information still allows firmU to collect part of the

consumer net surplus on top of the expected regulated vertically integrated profit. Indeed, the profit

of firm U can be rewritten46 as

πU = E
[
πviR]+ 1

1+λ
E
[
SviR

1 −S1(0)− pviR
1 qviR

1

]
− λν

1+λ
φ
(
eviR) .

The asymmetry of information limits the rent extraction by a factorλν
1+λφ

(
eviR
)
, which represents

the cost of public funds associated with the efficient firm’s rent (the 1+λ in the denominator is due

to the fact thatH0 is taken from public funds) but does not modify the fact that firmU manages to

extract rents such that expected social welfare is equal toS1(0).

2.A.3 Endogenous decision to regulate

As in section2.5, the setting is extended so as to introduce a new outside option for the regulator: to

choose whether or not to regulate the downstream firmD before firmU proposes its tariff.

The time at which this outside opportunity should be given to the regulator is not as clear as it

is in the full information case. Indeed, if the decision of the regulator is made after the upstream

firm as proposed its two-part tariffTU , the comparison is not easily tractable in our setting as two

different tools are used: two-part tariff and contract. Therefore, the equilibrium of the game with

this timing can differ from the systematic regulation case. But both asymmetric information as well

as tools play a role in this change.

45Following the discussion in section2.8.2p. 80, this is the “best” two-part tariff from the point of view of firmU . Of
course, this is nota priori the optimal (unrestricted) contract.

46The definition ofSW
viR

and SWviR are given p.94.
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The timing of the game is the following: first, nature chooses the type of firmD; second, the

regulator decides whether or not to regulate firmD; third, firmU proposes a tariff to the regulator if

there is regulation, or a menu of tariffs to firmD otherwise; fourth, the tariff is accepted or rejected

by the regulator, if regulation, or by firmD otherwise; fifth, final levels of good 1 and effort are set

by the downstream firm.

If, in step 2, the regulator decides to regulate firmD, then the analysis is the same as in section

2.A.2. Lemma2.10exhibits the equilibrium of the subgame with an expected social welfare level of

S1(0).

If, on the contrary, the regulator decides not to regulate firmD, then, in step 3, firmU proposes

a menu of tariffs to firmD which, in step 4, accepts or rejects one of these tariffs. The subgame is

analogous to theno-regulationbenchmark studied in section2.A.1. The optimal contract is described

by lemma2.9and expected social welfare is E
[
S1
(
qvi

1

)
− p1

(
qvi

1

)
qvi

1

]
+νφ

(
evi
)
.

In step 2, the regulator compares the possible payoffs of the game in terms of expected social

welfare. The equilibrium of the game is the absence of regulation of firmD.

Lemma 2.11. When the regulator decides whether to regulate or not firm D before the two-part

tariff TU is proposed and when the regulator and firm U face the same asymmetry of information

with respect to firm D, the regulator never regulates firm D and firm U extracts a profit ofE
[
πvi
]

−νφ
(
evi
)
. The final outcomes are qvi

1
and evi, or qvi

1 andevi. Firm D’s profit is0 when it is of typeβ

andφ
(
evi
)

when it is of typeβ.

All these elements are used in section2.8, page78, for the discussion on the effects of the

regulation.
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2.B Annex: Unregulated national upstream firm in the Ramsey-

Bôıteux framework

In section2.6, page69, it has been shown that firmU ’s ability to obtain a rent from regulation

is increased whenever its surplus is added in the social welfare objective function, i.e. if firmU

is national. This was achieved through the increase in the fixed-partH0 had no influence on the

equilibrium level of the equilibrium . The main difference in a regulatory frameworkà la Ramsey-

Bôıteux is that one cannot increase the fixed part without changing output levels because of the

budget constraint that links fixed and marginal costs, i.e.H0 andqi for i = 1, ...,n. This section aims

at extending the framework̀a la Ramsey-Bôıteuxby relaxing the assumption that firmU is a foreign

undertaking.

If firm U is national, its profits are added with a multiplicative coefficientα ∈ [0,1] in social

welfare, named SWα. When firmD is regulated, the program to be solved by the regulator is (t = 3

of the game described page67)

maxq1,q2,...,qn

 [∑n
i=1Si (qi)−∑n

i=1 pi (qi)qi ]+α
[
TU (q1)−CU (q1)

]
+
[
∑n

i=1 pi (qi)qi −CD (q1)−CN (q2, ...,qn)−TU (q1)
]


s.t. πD (q1)+πN (q2, ...,qn)≥ 0.

(2.20)

For given production levels, this new social welfare function is always greater than the one used until

now that did not take into account firmU ’s profit, with

 ∀(q1 6= 0,q2, ...,qn) , SWα (q1,q2, ...,qn) > SW(q1,q2, ...,qn) ,

∀(q1 = 0,q2, ...,qn) , SWα (0,q2, ...,qn) = SW(0,q2, ...,qn) .

Optimally solving this program yields once again pricesà la Ramsey-Bôıteux

 p1(q∗∗1 )−CD
q1

(q∗∗1 )−cU −
(

1− α
1+λ∗∗

)
p0 + λ∗∗

1+λ∗∗ p1q(q∗∗1 )q∗∗1 = 0,

pi (q∗∗i )−CN
qi

(q∗∗2 , ...,q∗∗n )+ λ∗∗
1+λ∗∗ piq (q∗∗i )q∗∗i = 0 for i = 2, ..,n.

(2.21)
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Thus, taking into account firmU ’s profit as welfare improving has two main effects. First, the

perceived marginal cost of good 0 is decreasing withα and the influence of the price of good 0 on

the outcome is restrained. Second, by modifying the level of production of good 1, it influences the

level of all other goods because the Lagrangian multiplier of the budget constraint over all regulated

goods changes.

Anticipating the behavior of the regulator, firmU (att = 1) maximizes its profit over the two-part

tariff under the constraint that the regulator is willing to accept this tariff. Thus, two constraints have

to be verified. First,H0 andp0 must allow the regulator to raise enough money from the markets to

pay for the tariff

∑n
i=1 pi (qm

i )qm
i −CD (qm

1 )−CN (qm
2 , ...,qm

n )− p∗∗0 qm
1 ≥ H∗∗

0

whereqm
1 is defined for the givenp∗∗0 . Moreover, output levels induced by this tariff have to be such

that the absence of production of good 1 is welfare enhancing

SWα (q∗∗1 , ...,q∗∗n )≥ SWα (0, q̂2, ..., q̂n) .

Let
(
H∗

0 , p∗0
)

be the tariff proposed by firmU if it was not national but foreign, as in section

2.9. With such a tariff, it has been shown that two possible equilibria could arise, depending on the

structure of the economy: (1) all goodsi 6= 1 are priced at monopoly price and good 1 is priced at the

monopoly price of the vertically integrated firms (U andD altogether); (2) output levels(q∗1, ...,q
∗
n)

induce the same level of social welfare as the one without production of good 1. Thus

(1) p1
(
qvi

1

)
qvi

1 +∑n
i=2 pi (qm

i )qm
i −CD

(
qvi

1

)
−CN (q2, ...,qn)−FU − p∗0qvi

1 = H∗
0 −FU ,

(2) SW(q∗1, ...,q
∗
n) = SW(0, q̂2, ..., q̂n).

(2.22)

When situation (1) occurs, firmU cannot obtain less than what it got when it was not added in so-

cial welfare (α = 0) because, due to the assumption of constant marginal cost, the tariff
(
H∗

0 , p∗0 = cU
)

would yield the same level of profit, whatever the quantityq∗∗1 really required by the regulator. Nev-

ertheless, firmU has no chance to get more from the regulator because the upper limit that the
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economy as a whole can generate has been reached. In a sense, the “cake” cannot be increased any

more and firmU ’s gain is equal whether or not it is added in social welfare, which ends at

SWα (qvi
1 ,qm

2 ...,qm
n

)
> SW

(
qvi

1 ,qm
2 ...,qm

n

)
> SW(0, q̂2, ..., q̂n) . (2.23)

When situation (2) occurs,
(
H∗

0 , p∗0
)

being accepted implies thatq∗1 > 0 and, in turn, that SWα(q∗1,

...,q∗n) > SW(q∗1, ...,q
∗
n). Moreover, quantities are assumed not to be monopoly ones. Thus, the tariff

has all the necessary features for lemma2.8, mutatis mutandis, to apply.47 This yields the following

lemma.

Lemma 2.12. When firm U’s profit is added in the social welfare with a coefficientα, firm U can

always obtain a profit at least equal to the one it gets without being taken into account in social

welfare, when the downstream firm D is regulated. Its profit will be strictly higher if, when it is

not taken into account in social welfare, monopoly prices over all markets are not imposed by the

regulator.

Eventually, when comes the time for the regulator to choose whether or not to regulate firmD

(t = 0 of the timing), it has to compare social welfare levels induced by both sub-games. If firmD is

not regulated, social welfare ends atSvi
1 − pvi

1 qvi
1 +∑n

i=2[Ŝi− p̂i q̂i ]+απvi
1 ; otherwise, eitherSvi

1 − pvi
1 qvi

1

+ ∑n
i=2[S

m
i − pm

i qm
i ]+ α

[(
H∗∗

0 −FU
)
−
(
p∗∗0 −cU

)
qvi

1

]
, or S1(0)+ ∑n

i=2[Ŝi − p̂i q̂i ]. The last level is

always lower than the first one. Moreover, lemma2.12shows that firmU gets a higher profit when

there is regulation. This helps comparing the first two levels. As in section2.9, this comparison

shows that the regulator chooses not to regulate firmD.

47The main difference is the social welfare function, but the proof is the same. Please refer to the proof of the lemma,
p. 116.
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2.C Appendix

Sections2.C.1to 2.C.8are dedicated to proofs of results related to the regulatory frameworkà la

Laffont-Tirole, and sections2.C.9to 2.C.12to the onèa la Ramsey-Bôıteux.

2.C.1 Proof of lemma2.1

This proof follows the same line as standard textbooks such as Tirole (1988, p. 176). At the second

step, when the tariff is set, firmD decides whether or not to accept the tariffTU . It acceptsTU if it

can at least break even while maximizing its profit with the extra cost ofTU , that is if there exists ˜q1

such that

q̃1 = argmax
q

[
p1(q)q−CD (q)−H0− p0q

]
and

p1(q̃1) q̃1−CD (q̃1)−H0− p0q̃1 ≥ 0.

If such aq̃1 exists, then it is characterized by the first order condition which yields a solution noted

q∗1(p0). As usual, unless the constraint is binding,q1 depends onp0 only. The second order condition

is assumed to be satisfied.

At the first step, firmU maximizes its profit subject to the constraint that firmD is maximizing

its own profit under its participation constraint

max
p0,H0

[
H0 + p0q1−CU (q1)

]
s.t.

 q1 = q∗1(p0) ,

p1(q∗1)q∗1−CD (q∗1)−H0− p0q∗1 ≥ 0.

Because leaving profits to firmD is costly to firmU , the participation constraint of firmD is binding

at the optimum,πD = 0. This yields, omitting the arguments,

max
p0

[
p1(q∗1)q∗1−CD (q∗1)−CU (q∗1)

]
.

This program is the same as that of the vertically integrated firmV and attains its maximum for the

valueq1 = qvi
1 . Therefore, the optimal tariff for firmU is to setp0 = cU . This yieldsq∗1

(
cU
)

= qvi
1
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which is the argument that maximizes the objective function of firmU . Finally, the fixed part is given

by the participation constraint. FirmU getsπU = πvi, while social welfare isS1
(
qvi

1

)
− p1

(
qvi

1

)
qvi

1 .

2.C.2 Proof of lemma2.2

Basically, the regulator can secureS1(0) by refusing to regulate firmD. As the tariff proposed

induces a higher level of social welfare, the regulator accepts it. More formally, when the regulator

facesTU (q1) = πvi +FU +cUq1, the regulator maximizes social welfare under the constraintπD ≥ 0.

This constraint is binding and social welfare becomes

S1 +λp1q1− (1+λ)
(
CD +TU)= S1− p1q1 +(1+λ)

(
p1q1−CD−CU −πvi) .

With q1 = qvi
1 , social welfare isS1

(
qvi

1

)
− p1

(
qvi

1

)
qvi

1 > S1(0) and the regulator accepts the tariff.

2.C.3 Proof of proposition2.1

From lemma2.2, S1
(
qvi

1

)
− p1

(
qvi

1

)
qvi

1 > S1(0). Therefore, there exits someε > 0 such that the

left hand side minusε remains greater thanS1(0). This means that, when it faces theno-regulation

tariff with ε/(1+λ) more in the fixed part, the regulator gets more than the acceptance threshold

S1(0) when it makes firmD produceqvi
1 . Thus, the regulator still accepts this two-part tariff thanks

to which firmU obtainsπvi + ε/(1+λ) > πvi. Thus, firmU has an incentive to depart from its

no-regulationtariff by increasing the fixed part. Let now compute the optimal two-part tariff.

GivenTU , the regulator solves the following program

max
q1,πD

[
S1 +λp1q1−λπD− (1+λ)

(
CD +TU)]

under the participation constraint of firmD: πD ≥ 0 . Because leaving rents to firmD is costly,πD =

0. This yields the standard first order equation inducing an outcome notedq∗1(p0). The acceptance

condition is

S1(q∗1)+λp1(q∗1)q∗1− (1+λ)
[
CD (q∗1)+H0 + p0q∗1

]
> S1(0) .
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Firm U maximizes its profit with respect top0 andH0, subject to the acceptance condition and

the reaction of the regulator. For a givenp0, the acceptance condition defines an upper limit to the

value ofH0. As firmU ’s profit is strictly increasing inH0, the constraint is binding at the equilibrium

and the objective function of firmU becomes

max
p0

1
1+λ

[
S∗1−S1(0)+λp∗1q∗1− (1+λ)

(
CD∗+CU∗)] .

Except for the constantS1(0), this objective function is(1+λ)−1 times the objective function of

a regulator who would be surpervising the vertically integrated firm. Therefore, the optimal price is

p0 = cU . The value ofH0 is given by the individual participation constraint which can be written in

the two following ways

H0 =
1

1+λ
[
SWviR−S1(0)

]
+FU

=
[
pviR

1 qviR
1 −CU (qviR

1

)
−CD (qviR

1

)]
+

1
1+λ

[
SviR

1 −S1(0)− pviR
1 qviR

1

]
+FU .

From the acceptance condition, the social welfare level isS1(0) and the final outcome isqviR
1 .

2.C.4 Proof of lemma2.3

Recalling section2.3.1, SWviR stands for the highest social welfare in a situation where both firms

are vertically integrated. By proposition2.1, the rent of the upstream firm is

πU =
1

1+λ
[
SWviR−S1(0)

]
.

By the envelope theorem,

dπU

dλ
=

∂πU

∂λ
=− 1

(1+λ)2

[
SWviR−S1(0)

]
< 0.

Thus, the rent of firmU is decreasing inλ.
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2.C.5 Proof of lemma2.4

Firm D’s profits benefit public funds. At t = 1, when firmD is not regulated, the objective

function (2.11) to maximize has the following first order conditions48

∂Π∗

∂H0
= γ

dπU

dH0
Xγ−1 +(1− γ)

dπD

dH0
Xγ

= (1− γ)Xγ−1
[

γ
1− γ

−X

]
,

∂Π∗

∂p0
= γ

dπU

dp0
Xγ−1 +(1− γ)

dπD

dp0
Xγ

= γ
[

∂πU

∂p0
+

∂πU

∂q∗1

dq∗1
dp0

]
Xγ−1 +(1− γ)

[
∂πD

∂p0
+

∂πD

∂q∗1

dq∗1
dp0

]
Xγ

= q∗1
∂Π∗

∂H0
+ γ
(
p0−cU) dq∗1

dp0
Xγ−1,

whereq∗1 is chosen, by definition, to maximizeπU for a givenp0. Second order conditions are

∂2Π∗

∂H2
0

=−γ(1− γ)
dX
dH0

(1+X)Xγ−2 < 0,

dX
dH0

=
πD +πU

[πD]2
> 0,

∂2Π∗

∂p2
0

= γ
(
p0−cU) d

dp0

[
dq∗1
dp0

Xγ−1
]
+ γ

dq∗1
dp0

Xγ−1 = γ
dq∗1
dp0

Xγ−1 < 0.

Thus, solution (2.13) exhibited page74 is a maximum.

If firm D is regulated, first order equations are

∂Π̃
∂H0

= β
dπU

dH0
Yβ−1 +(1−β)

dSW
dH0

Yβ

= (1+λ)(1−β)Yβ−1
[

β
(1+λ)(1−β)

−Y

]
,

∂Π̃
∂p0

= β
dπU

dp0
Yβ−1 +(1−β)

dSW
dp0

Yβ

= β
[

∂πU

∂p0
+

∂πU

∂q̃1

dq̃1

dp0

]
Yβ−1 +(1−β)

[
∂SW
∂p0

+
∂SW
∂q̃1

dq̃1

dp0

]
Yβ

= q̃1
∂Π̃
∂H0

+β
(
p0−cU) dq̃1

dp0
Yβ−1,

48X andY are defined in section2.7.3, p.74, the following way:X = πU−0
πD−0

andY = πU−0
SW−S1(0) .
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with the following second order conditions

∂2Π̃
∂H2

0

=−β(1−β)
dY
dH0

[1+(1+λ)Y]Yβ−2 < 0,

dY
dH0

=
SW+(1+λ)πU

[SW]2
> 0,

∂2Π̃
∂p2

0

= β
(
p0−cU) d

dp0

[
dq̃1

dp0
Yβ−1

]
+β

dq̃1

dp0
Yβ−1 = β

dq̃1

dp0
Yβ−1 < 0.

Again, the solution (2.14) proposed page75 is a maximum.

Denote

A =
{

S1 +λp1q1−S1(0)− (1+λ)
[
CD +CU]}∣∣

q1=qvi
1

,

B = {S1− p1q1−S1(0)}|q1=qvi
1

,

C =
{

S1 +λp1q1−S1(0)− (1+λ)
[
CD +CU]}∣∣

q1=qviR
1

.

Definitions ofqviR
1 andqvi

1 yield B < A < C.

If β̃ exits, using (2.13) and (2.14), it must verify

(1− γ)A+ γB = (1−β)C

which is equivalent to

β̃(γ) =
C−A

C
+

A−B
C

γ.

Moreover, ifβ∗ exists, it has to verify

γ
A−B
(1+λ)

=
β

(1+λ)
C

which is equivalent to

β∗ (γ) =
A−B

C
γ.
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Definitions of A, B andC show, first, thatβ̃(γ) and β∗ (γ) exist for every possibleγ ∈ [0,1]

and, second, that they are strictly increasing with 0< β̃(0) < 1 and 0< β̃(1) < 1, β∗ (0) = 0,

0 < β∗ (1) < 1, β̃(γ) > β∗ (γ) andβ̃′ = β′∗ < 1.

Firm D’s unregulated profits do not benefit public funds. When firmD’s unregulated profit

is not added in the social welfare with the multiplicative factor(1+λ), everything but the expression

of social welfare when firmD is unregulated stays equal. Thus, firmU ’s profit does not change either

andβ∗ (γ) is still defined the same way and equal to= A−B
C γ.

Then, one has to compare social welfare with regulation

SW−S1(0) = (1−β)
{

S1 +λp1q1−S1(0)− (1+λ)
[
CD +CU]}∣∣

q1=qviR
1

to social welfare without regulation, where firmU ’s profit is simply added in social as consumer

surplus, i.e.

SW−S1(0) = {S1− p1q1}|q1=qvi
1
−S1(0)+(1− γ)πvi

= (1− γ)
{

S1 +λp1q1−S1(0)− (1+λ)
[
CD +CU]}∣∣

q1=qvi
1

+ γ {S1− p1q1−S1(0)}|q1=qvi
1
−λ(1− γ)

{
p1q1−

[
CD +CU]}∣∣

q1=qvi
1

.

Define ˜̃β as firmU ’s bargaining power required by the regulator to be indifferent between regulating

or not firmD, then it has to verify

(1− γ)A+ γB− λ(1− γ)
(1+λ)

(A−B) = (1−β)C

which is equivalent to

˜̃β(γ) =
(1+λ)C−A−λB

(1+λ)C
+

A−B
(1+λ)C

γ.

Thus, it is easily checked that for anyγ in [0,1], ˜̃β(γ) ≥ β̃(γ) > β∗ (γ), ˜̃β(1) = β̃(1) and ˜̃β′ < β̃′ =

β′∗ < 1.
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Figure 2.6: Thresholds for social welfare and firmU ’s profit, when firmU ’s unregulated profit do
not benefit public funds

The two casesβ = 1 andλ = 0 allows to verify that there is no contradiction in the computations.

Both cases end with the same expressions forβ̃ and ˜̃β. On the one hand, whenβ = 1, firmU has all

the bargaining power with respect to firmD. Thus, this latter ends with no profits, which eliminates

the concern of how to account for them in social welfare. On the other hand, whenλ = 0, public

funds have no extra cost and the difference between the two cases considered for the allocation of

firm D’s unregulated profit disappears.

Eventually, the absence of regulation is less attractive for the regulator because firmD’s actual

profits have less value when they cannot benefit public funds. Thus, the regulator will content with

a lower bargaining power with respect to firmU , i.e. a higherβ, to favor firmD’s regulation.

2.C.6 Proof of lemma2.9

Firm U contracts directly with firmD and faces the same kind of asymmetry of information as the

regulator. This means that firmU can base its contract on the observation of the costCD and the final

outputq1, as the regulator does. FirmU uses the revelation principle so that it can propose contracts

to firm D based on its true type:(TU ,q
1
,e), (TU

,q1,e). Define the functione(β, β̃) = e(β̃)+β− β̃.

This is the effort that can be deduced from the contract taken when a typeβ̃ is announced and the

real type isβ.
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The objective function of firmU is

max
TU ,q

1
,e,TU

,q1,e

[
ν
[
TU −CU(q

1
)
]
+(1−ν)

[
T

U −CU (q1)
]]

subject to the standard individual participation and incentive compatibility constraints

p1(q1)q1−ψ(e)−CD
(

β,q1,e
)
−T

U ≥ p1(q1
)q

1
−ψ

(
e
(

β,β
))
−CD

(
β,q

1
,e
)
−TU , (IC)

p1

(
q

1

)
q

1
−ψ(e)−CD

(
β,q

1
,e
)
−TU ≥ p1(q1)q1−ψ

(
e
(

β,β
))
−CD

(
β,q1,e

)
−T

U
, (IC)

p1(q1)q1−ψ(e)−CD
(

β,q1,e
)
−T

U ≥ 0, (IR)

p1

(
q

1

)
q

1
−ψ(e)−CD

(
β,q

1
,e
)
−TU ≥ 0. (IR)

The standard analysis applies and constraintIR is always satisfied as soon asIR and IC are

verified. ConstraintIC is ignored in a first step and checked at the equilibrium and constraints

IR andIC are binding at the equilibrium. Rewriting the transfers, the objective function becomes,

omitting the arguments,

max
q

1
,e,q1,e

 ν
[
p1

(
q

1

)
q

1
−CD

(
β,q

1
,e
)
−CU

(
q

1

)
−ψ(e)−φ(e)

]
+(1−ν)

[
p1(q1)q1−CD

(
β,q1,e

)
−CU (q1)−ψ(e)

]
 ,

whereφ(e) = ψ(e)−ψ(e−∆β) represents the rent that gets the efficient type because it can always

mimic the inefficient type by announcingβ and exerting an efforte
(

β,β
)

= e−∆β. Thanks to the

assumption onψ, the functionφ is such thatφe > 0 andφee> 0. Following the standard analysis – as

in Laffont and Tirole (1993, pp. 57-59) – yields the usual system of first order conditions



p1

(
q

1

)
−CD

q

(
β,q

1
,e
)
−CU

q

(
q

1

)
+ p1q

(
q

1

)
q

1
= 0,

ψe(e)+CD
e

(
β,q

1
,e
)

= 0,

p1(q1)−CD
q

(
β,q1,e

)
−CU

q (q1)+ p1q(q1)q1 = 0,

ψe(e)+CD
e

(
β,q1,e

)
+ ν

1−νφe(e) = 0.

(2.24)
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This yields the following solutions
{(

qvi
1
,evi
)

,
(
qvi

1 ,evi
)}

with tariffs

 T
U = p1

(
qvi

1

)
qvi

1 −ψ
(
evi
)
−CD

(
β,qvi

1 ,evi
)

,

TU = p1

(
qvi

1

)
qvi

1
−ψ

(
evi
)
−CD

(
β,qvi

1
,evi
)

+φ
(
evi
)

.

The constraintIC has to be checked. When rewriting this constraint using the final tariffs, one

gets

φ
(

e
(

β,β
))
−φ
(

e
(

β,β
))

≤ 0.

Because the solution
{(

qvi
1
,evi
)

,
(
qvi

1 ,evi
)}

maximizes the constrained social welfare, it should ver-

ify the revealed preferences

 p
1
q

1
−CD−CU −ψ≥ p

1
q

1
−CD−CU −ψ

(
e
(

β,β
))

,

p1q1−C
D−C

U −ψ− ν
1−νφ≥ p1q1−C

D−C
U −ψ

(
e
(

β,β
))
− ν

1−νφ
(

e
(

β,β
))

.

Adding these two inequalities yields

(
1+

ν
1−ν

)[
φ
(

e
(

β,β
))
−φ
(

e
(

β,β
))]

≥ 0

which checks the constraint.

Finally, the expected social welfare is E
[
S1
(
qvi

1

)
− p1

(
qvi

1

)
qvi

1

]
+ νφ

(
evi
)
, firm D gets 0 if it is

of typeβ andφ
(
evi
)

if it is of type β. FirmU gets an expected profit of E
[
πvi
]
−νφ

(
evi
)
.

2.C.7 Proof of lemma2.10

The proof follows the same path as the one of proposition2.1. Given the two-part tariffTU , the

regulator ends up by proposing a contract{(q∗
1
(p0) ,e∗ (p0)),(q∗1(p0) ,e∗ (p0))} to the downstream

firm, as far as its acceptance condition, which sets that the final level of expected social welfare with

these allocations is at least equal toS1(0), is satisfied.
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The optimal strategy of firmU is given by the maximization of its profit with respect top0 and

H0, subject to the acceptance condition and the reaction of the regulator, i.e.

max
p0,H0

[
H0 +ν

[
p0q∗

1
−CU

(
q∗

1

)]
+(1−ν)

[
p0q∗1−CU (q∗1)

]]
subject to

ν
[
S1

(
q∗

1

)
+λp1

(
q∗

1

)
q∗

1
−λφ(e∗)− (1+λ)

[
ψ(e∗)+CD

(
β,q∗

1
,e∗
)

+H0 + p0q∗
1

]]
+(1−ν)

[
S1(q∗1)+λp1(q∗1)q∗1− (1+λ)

[
ψ(e∗)+CD

(
β,q∗1,e

∗
)

+H0 + p0q∗1

]]
> S1(0) .

For a givenp0, this constraint defines an upper limit to the value ofH0. Therefore, the constraint is

binding at the equilibrium and the objective function of firmU becomes, omitting the arguments

max
p0

1
1+λ

{
ν
[
S1

(
q∗

1

)
+λp1

(
q∗

1

)
q∗

1
−λφ(e∗)− (1+λ)

[
ψ(e∗)+CD

(
β,q∗

1
,e∗
)

+CU
(

q∗
1

)]]
+(1−ν)

[
S1(q∗1)+λp1(q∗1)q∗1− (1+λ)

[
ψ(e∗)+CD

(
β,q∗1,e

∗
)

+CU (q∗1)
]]
−S1(0)

}
.

This objective function is qualitatively the same as the one of a regulator which regulates the

vertically integrated monopoly under asymmetric information, for which the optimum is described

by
(

qviR
1

,eviR
)

and
(
qviR

1 ,eviR
)
. As the marginal cost of firmU is constant, settingp0 = cU induces

bothq∗
1
= qviR

1
, e∗ = eviR andq∗1 = qviR

1 , e∗ = eviR (same first order conditions, refer to section2.A.1).

The informational rent is 0 for typeβ andφ
(
eviR
)

for typeβ and the expected social welfare isS1(0).

Finally, the value ofH0 is given by the individual participation constraint which, as in proposition

2.1, can be written in two different ways

H0 = 1
1+λ E

[
SWviR−S1(0)

]
+FU

= E
[
πviR

]
+ 1

1+λ E
[
SviR

1 −S1(0)− pviR
1 qviR

1

]
− λν

1+λφ
(
eviR
)
+FU .

The incentive constraint of the typeβ is checked with the same methodology as used in the

previous proof (see also Laffont and Tirole 1993, p. 59).
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It remains to be showed that firmU ’s current profit is higher than the one it gets without regula-

tion, i.e.

E
[
πviR]+ 1

1+λ
E
[
SviR

1 −S1(0)− pviR
1 qviR

1

]
− λν

1+λ
φ
(
eviR)> E

[
πvi]−νφ

(
evi) .

Define 

f (q,e) = 1−ν
1+λ [S1(q)−S1(0)− p1(q)q]− λν

1+λφ(e)

+(1−ν)
[
p1(q)q−ψ(e)−CD (q)−CU

(
β,q,e

)]
,

f (q,e) = ν
1+λ [S1(q)−S1(0)− p1(q)q]

+ν
[
p1(q)q−ψ(e)−CD (q)−CU

(
β,q,e

)]
.

The function(1+λ) f is part of the program of a regulator that faces the vertically integrated firm,

and it is maximized forq= qviR
1 ande= eviR. Therefore,f

(
qviR

1 ,eviR
)
> f

(
qvi

1 ,evi
)
. As 0≤ λ

1+λ < 1,

one gets

f
(
qvi

1 ,evi
)

= (1−ν)πvi
(

β
)
− λν

1+λφ
(
evi
)
+ 1−ν

1+λ
[
S1
(
qvi

1

)
−S1(0)− p1

(
qvi

1

)
qvi

1

]
> (1−ν)πvi

(
β
)
−νφ

(
evi
)

,

which is part of the profit that firmU gets without regulation. The same thing occurs withf :

f
(

qviR
1

,eviR
)

> νπvi
(

β
)

and finally, the profit with regulation,f
(

qviR
1

,eviR
)

+ f
(
qviR

1 ,eviR
)
, is

strictly greater than the one without regulation,νπvi
(

β
)

+(1−ν)πvi
(

β
)
−νφ

(
evi
)
.

2.C.8 Proof of lemma2.5

Bothq1 andeare computed simultaneously through first order equations: system (2.24), page109, in

the absence of regulation yields
(
qvi

1 ,evi
)

and system (2.17), page94, when the vertically integrated

firm is regulated gives
(
qviR

1 ,eviR
)
.

For the computations of(q1,e), the only difference in these two systems of equations relies, for

the system inducingeviR, in the factorα = λ
1+λ in front of thep1qq1 in the equation for the quantity
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and in the same fraction in front ofν1−νφ in the equation for the effort, i.e.

for (qvi
1 ,evi):

 p1(q1)−CD
q

(
β,q1,e

)
−CU

q (q1)+ p1q(q1)q1 = 0,

ψe(e)+CD
e

(
β,q1,e

)
+ ν

1−νφe(e) = 0,

for (qviR
1 ,eviR):

 p1(q1)−CD
q

(
β,q1,e

)
−CU

q (q1)+
[

λ
1+λ

]
p1q(q1)q1 = 0,

ψe(e)+CD
e

(
β,q1,e

)
+
[

λ
1+λ

]
ν

1−νφe(e) = 0.

This coefficientα is equal to 1 in the case ofevi or, equivalently, vertical contracting mimics the limit

case whereλ → +∞. Thus, one can differentiate the “common” system of equations with respect

to this multiplicative parameterα or λ. Moreover, one can also wonder what is the influence of the

probability of the efficient typeν in driving the final outcomes. Let us note SOCq1 the second order

equation with respect toq1 and SOCe the second order equation with respect toe. Then, omitting

the arguments, the differentiation yields

 dq1

de

=

 SOCe CD
qe

CD
eq SOCq1


SOCq1 .SOCe−

(
CD

qe

)2


(
1

1+λ

)2

 −p1qq

ν
1−νφe

dλ

+ λ
1+λ
( 1

1−ν
)2φe

 0

1

dν.


where the numerator is positive to ensure global concavity of the maximization program.

For the computations of(q
1
,e), ν does not play a role and one finds

for (qvi
1
,evi):

 p1q
1
)−CD

q (β,q
1
,e)−CU

q (q
1
)+ p1q(q1

)q
1
= 0,

ψe(e)+CD
e (β,q

1
,e) = 0,

for (qviR
1

,eviR):

 p1(q1
)−CD

q (β,q
1
,e)−CU

q (q
1
)+
[

λ
1+λ

]
p1q(q1

)q
1
= 0,

ψe(e)+CD
e (β,q

1
,e) = 0,

which gives

 dq1

de

=
1

SOCq1 .SOCe−
(
CD

qe

)2( 1
1+λ

)2
 SOCe CD

qe

CD
eq SOCq1

 −p1qq

0

dλ.
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CD
qe,C

D
eq qviR

1 Q qvi
1 eviR Q evi qviR

1
Q qvi

1
eviR Q evi

⊕ ? ? > <
	 > > > >

Table 2.4: Influence of cost cross-derivatives on equilibrium outcomes

As λ
1+λ < 1, one needs to increaseα, or alternatively to increaseλ, to move from solutions to

problem (2.17) to solutions to problem (2.24). Thus, the ranking of the efforts partly depends on the

sign of the cross derivativeCeq. In the framework studied here, where it is equal to−1,e is increasing

in α. This implies thateviR is higher thanevi and the result on the rent follows by reminding that

φ is increasing in effort. Thus, as far as cross-derivatives are both negative, the efficient firmD’s

informational rents is higher when it is regulated. Other comparisons follow directly.

A point of interest is the influence of the probability of efficient firmD on the regulator’s and

firm U ’s contracts. This parameter does not influence both contracts for the efficient type (as there

is no distortion) but distorts the ones of the inefficient downstream firm the following way

 dq1

de

=
1

SOCq1 .SOCe−
(
CD

qe

)2 λ
1+λ

(
1

1−ν

)2

φe

 CD
qe

SOCq1

dν.

Thus, asν increases, effort will decrease while quantity will also decrease ifCD
qe is negative and

increase otherwise. The more likely firmD is efficient, the more distortive will be the effort level

required by the inefficient type because this will limit the rent to the efficient one. Thus, if beliefs of

the regulator about the efficient type is higher than the ones of the upstream firm (i.e. if the beliefs

on efficiency of the regulator first order stochastically dominates those of firmU), the difference in

informational rents of the efficient downstream firm is reduced.

2.C.9 Proof of lemma2.6

Please refer to proof of lemma2.1, page102.
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2.C.10 Proof of lemma2.7

When firmU proposes itsno-regulationtariff TU (q1) = πvi
1

(
qvi

1

)
+FU +cUq1 to the regulator and

when this latter accepts this tariff, its objective function becomes maxq1,q2,...,qn[SW(q1,q2, ...,qn)]

under the constraint thatπD (q1) + πN (q2, ...,qn) ≥ 0. Call (q̃1, q̃2, ..., q̃n) the solution associated

with this program. These output quantities correspond to the overall solution of the optimization

problem if the regulator indeed acceptsTU . If the regulator rejects this sameTU (q1), its objective

function turns to maxq2,...,qn [SW(0,q2, ...,qn)] under the constraint thatπN (q2, ...,qn) ≥ 0. Call

(0, q̂2, ..., q̂n) the output levels that solve this program.

Whenever the regulator accepts the tariff, it can still decide to produce final output in quantities(
qvi

1 , q̂2, ..., q̂n
)

even if these quantities are nota priori optimal. This would yield SW
(
qvi

1 , q̂2, ..., q̂n
)

= Svi
1 − pvi

1 qvi
1 −S1(0) + SW(0, q̂2, ..., q̂n) as social welfare. The first term in the right hand side

of the equality is strictly positive, which implies that SW
(
qvi

1 , q̂2, ..., q̂n
)

> SW(0, q̂2, ..., q̂n) and

the regulator accepts theno-regulationtariff. Moreover, social welfare with optimal output levels in

reaction to this specific tariff is such that SW(q̃1, q̃2, ..., q̃n)≥SW
(
qvi

1 , q̂2, ..., q̂n
)
> SW(0, q̂2, ..., q̂n).

2.C.11 Proof of lemma2.8

Assume that good 2 is one of the goods not sold at monopoly price. Let definef (q2,h) = SW(q̃1,

q2, q̃3, ..., q̃n)−h. This function corresponds to the level of social welfare if, first, the upstream firm

proposes a tariff equal toTU (q1)+h and, second, the regulator chooses output levels ˜qi for all goods

except good 2. Thus, only good 2 is distorted in response to the increase of the fixed part.

The proof stands in the continuity off at (q̃2,0). By assumption,TU (q1) is accepted and such

that f (q̃2,0) > SW(0, q̂2, ..., q̂n). Moreover, as all quantities ˜qi 6=2 are kept constant, the only relation

betweenq2 andh lies in the budget constraint at equilibrium

p̃1q̃1−C̃D− T̃U −h+ p2(q2)q2−CN
2 (q2)+∑n

i=3

[
p̃i q̃i −C̃N

i

]
= 0.

The implicit functions theorem applies ifp2qq2 + p2−CN
2q2

(q2) 6= 0, i.e. if q2 6= qm
2 . As the only

possible case is ˜q2 > qm
2 , thendq2

dh (q̃2) < 0 and the total differential off with respect toh does exist

atq2 = q̃2 and is negative.
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Thus, it is possible to find small enough anh> 0 such thatf (q̃2,0) > f (q2,h) > SW(0, q̂2, ..., q̂n)

and(q̃1,q2, q̃3, ..., q̃n) is a solution to the program of the regulator when it facesTU (q1)+ h. This

solution yields a higher social welfare level than the one obtained when the tariff is refused. Eventu-

ally, the regulator accepts this increased tariff, which gives firmU a profit higher byh than the one

it gets withTU (q1).

The proof is identical if one of the good not sold at monopoly price was goodi = 3, ...,n. Let

turn now to the case of good 1. The existence condition becomesp1q(q1)q1 + p1(q1)−CD
q1

(q1)

− p0 6= 0, i.e.q1 6= qm
1 for the givenp0. If p0 = cU , the condition becomesq1 6= qvi

1 and the rest of

the proof is similar.

2.C.12 Proof of lemma2.12

What rests to be proved from the text is the equivalent of lemma2.8 in the context of firmU being

added in social welfare. Assume that prices computed by the regulator in reaction to the tariff(
H∗

0 , p∗0
)

proposed by firmU if it was a foreign undertaking correspond to the second possibility

described in system (2.22). As is always the case at equilibrium, the budget constraint must be

binding. When it takes firmU into account in social welfare, the regulator faces exactly the same

budget constraint, which embodies only regulated firmsD andN’s profits. System (2.21), page99,

describes how outputs are set. Thus, following the line of lemma2.8, two cases are to be considered.

First, one good not priced at monopoly level is different from good 1, say good 2. Let defineg(q2,h)

= SWα (q∗1,q2,q∗3, ...,q
∗
n

)
−h. This function corresponds to the level of social welfare if only good

2 is distorted in response to the increase of the fixed part. Keepingq∗i 6=2 constant and changingh

implies a change onq2, through the budget constraint, andλ, through the first order condition relative

to q2. Thus, whenh increases, unlessp2qq2+ p2−CN
2q2

(q2) = 0, i.e. if q2 = qm
2 , the differential ofg

with respect toh does exist atq2 = q∗2 and is negative.

The proof is identical if good 1 is not priced at its monopoly level.

Thus, unless all prices are prices at their monopoly level, an increase inh is feasible. It decreases

social welfare but ifh is small, the acceptance condition is not broken and firmU ’s profit increases.
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Toulouse, France.

Boldron, F.: 2002, Le choix entre taxe unitaire et ad valorem, mimeo, University of Toulouse,

France. forthcoming inRevue Française d’Economie.

Boldron, F. and Hariton, C.: 2001, Access charge and imperfect competition, GREMAQ working

paper n. 21.06.571, University of Toulouse, France. Forthcoming inLouvain Economic Review.

Boldron, F. and Hariton, C.: 2001, Relation verticale et régulation : le probl̀eme des biens in-
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