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Chapitre 2

Réeglementation, facilite 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 ha
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 shoul
take a more in-depth look at the upstream structure faced by the potentially regulated industry and

priori deny regulation of such industries.

Regulatory motivations. Usual candidates for regulation are “natural monopolies”, i.e. firms
characterized by subadditive cost functidriBhis 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 casesahere is

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

lPlease refer to Tirole (1988, pp. 19-20), Sidak and Spulber (1997, pp. 20-25) or Laffont and Tirole (2000, Introduc-
tion).

53



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 byitBax (1956 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 shéw up.

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 plerrsat
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*aféeés 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 proéuction.

2Boiteux (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 callec la Ramsey-Biteux

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 Sal@n1997, 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/informatiasociety/glossary/indeen.htm#J.  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 lttp://www.fcc.gov/Reports/tcom1996.bds 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).

SPlease 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
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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 nor
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 drifys.

Thus, investments in R&D are critical and substantial. Accordingec®(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) th
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 tc
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 &

firm that has monopoly power on this inplt.

Splease 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-of
between monopolization and innovation, as well as insights on the central role of patents in the pharmaceutical industry

"Of 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 drug
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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 sectid®, 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,
section2.9 studies 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 c
public funds. In particular, money transfers between the government and the regulated firms othe
than revenues from the final markets are prohibited. Thus, the regulator can raise funds, if necessar

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

Methodology. In afirst 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, ¢
few extensions are explored. What happens if the upstream firm is a domestic unregulated firm? [
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 extrac
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 bt
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 résults.

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

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

8These two regulatory models are often named, respectivédyi_affont-Tiroleanda la Ramsey-Biteux

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 figirgs 58) and2.5 (p. 86).
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Foreign

Domestic

Regulator { Public funds >

!

Firm D Firm D

' '

< Consumers ) C Consumers )

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. Sectih@ describes the formal model. Secti@r8 deals
with some benchmark cases. Sectibd analyzes the equilibrium when the regulator is given two
choices: either to regulate the downstream firm or to shut it down. Setbsupplements 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 se@iérthe assumption that the essential facility is
a foreign undertaking and by introducing, in sectibid, shared bargaining power or, in sectiig,
some kind of asymmetric information between the downstream firm and both the upstream firm and
the regulator. Then, sectiéh9turns to the study of regulatianla Ramsey-Biteux Finally, section
2.10summarizes the results, discusses further extensions and concludes. All proofs are detailed in

the appendix (sectio.C, pagel02).
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2.2 Regulation with exogenous cost of public funds

Economy. An upstream monopoly, fird, sells an essential input to a regulated downstream
monopoly, firmD. These two firms are located in two different countries. In order to produce
g1 units of good 1, firmD must purchase; units of good O from firmlJ. The national economy
consists of firmD, the consumers of good 1 and the domestic regulator (hereafter, the regulator) who
maximizes national social welfare. Firdhis a foreign undertaking, is not regulated and its profit
is not included in national social welfare. Moreover, fiums assumed to have all the bargaining

power in any negotiation.

Upstream sector. Firm U sellsqgg units of good 0 at a coSt CY (qg) = FY + Y qo, with a
two-part tariff TV (go) = Ho + podo. 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. Firn
U’s profit function is then

1 (0o) = Ho + podo — FY — Y . (2.1)

Downstream sector. The cost of firmD, exclusive of the two-part tariffV, is CP (g;) with
a constant fixed cogk® which is assumed not to be sunk. The implicit assumption, made while
assuming the existence of a fixed cB$t is thea priori necessity for this industry to be regulated.
Of course, more fundamentalgP needs to be subadditive. It would then be sufficient to assume that
on top of the fixed cosEP 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 fixétl 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 theCfband the tariffTY are paid
by the regulator which also receives all the revenues from the sale of good 1. TheD,@trives

a net transfet and its profit function is

™ =t. (2.2)

n general, superscripts are used to distinguish between fisrasi@D) or situations ¥i for “vertically integrated”,
R for “regulated”) and subscripts denote markets (0 and 1) or derivatiyes (
21t 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 firmdJ andD, with CP (g;) +CY (qy) as its cost function.

Consumers. The consumers gross surplusigqs ) with Siq (1) = p1(gy) the inverse demand
function andS;qq < 0. As usual, consumers do not take into account the existence of the distortion

due to the shadow cost of public funii$n their decision to consume good 1.

Regulator. The regulator is characterized by an exogenous cost of public unflsr each

euro spent by the regulator, the cost to the socieft isA) 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.
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(q) — P2 () 1] + [t] — (1+A) [t+CP (qa) + TV () — pa () o] ,
=S (q1) + APz () gr — At — (1+A) [CP (qn) + TY (an)] -

(2.3)

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

cases are studied for comparison convenience.

BMore insights on the background of a regulatory framewéil 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 fivmIn this case, social welfare becomes, omit-
ting the arguments and assuming the same regulatory mechanism as the one described in secti
2.2

SW=S; +Ap1gs — At — (1+A) [CP+CY],

wheret stands for the net transfer from the regulator to fifmMaximizing social welfare under the
participation constraint that firv’s profit should be positive, i.&¢.> 0, yields this constraint to be

binding and productiotf to beq}'R such that
qi = arg rglax[sl (1) +Apa(ar) qu — (1+A) [CP (a1) +CY (au)]]
which is equivalent to

P (GR) B (G%) — CY (6%) + 1y Paa (02 R =0 24

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

regulating both firms yields an outcontq%iR which is socially efficient and which generates the

highest total social welfare level possible in this setting, noted™&w

2.3.2 No regulation at all

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

V could get from the final market, i.e. quanﬂi{’)q‘l’i that maximizes firnV'’s profits

' = argmaxp (c) o — [C° (@) +C” (aw)]]

YMsuperscripviR stands for “vertically integrated and regulated”.
SSuperscripvi stands for “vertically integrated”.
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3 Time

|
[

|

|
[ [

FirmU: TY to regul. i: Regul. accepts— Regul. chooseg;
(take-it-or-leave-it) Regul. rejects —— No production

Figure 2.2: Timing of the game: regulation vs no production

which is equivalent to
pu(af) —Cq (ar) —Cg' (d') + Pua (d) af' = O.

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

associated profit is notey'.16

Lemma 2.1. Without regulation, the optimal two-part tariff for firm U is'T(q;) = ' +FY + M ;.
The quantity produced is!g Firm U’s profit ist! and social welfare is §q') — p1 (a}') g}’ Firm

D gets zero profit.

This is theno-regulation tarifftariff which the upstream fird proposes if there is no regulation

of the downstream firnD.

2.4 Socially harmful regulation

Let us now examine the game in which the regulator regulatesDirrin order to model the bar-
gaining power ofJ, the following game is studied: first, firth makes a take-it-or-leave-it offerto
the regulator, which consists in a two-part tafitf (1) = Ho + pogy; second, the regulator decides

whether to accept the tariff and computes the optimal contract fordirm

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

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

Max[Sy +Apady — AT — (1+) (C%+Ho-+ Pod)
1,

subject to the participation constraint of fiftn T© > 0.

Standard results are obtained

p1(0;) —CP (0;) — Po+ 125 P1q () 0 = O,
(14 2)) p1q(a}) +AP1ga(a7)ai — (1+A) Cqy(a7) <O, (2.5)
™ =0.

Itis assumed that the second order condition is satisfied and that the first order condition has a uniqu
solutiond; (po) for any proposegby. Notice from the above system that, firgf,depends ompg but
is independent dflp (this is true unless the constraint specified next section is not binding) and that,

second, the variation af; with respect tay is set by

da; _ 1+A <0
dpo  (1+2\) paq(a) +AP1ga(0i)di — (1+XN)Cy(ai)

(2.6)

If there is no production, the social welfareSs(0). Thus, the regulator accepts as long as

social welfare with production is greater th&n(0).

2.4.2 Strategy of the upstream firm
Suppose firntJ proposes thao-regulationtariff TV (q) = 1 + FY + M qy.

Lemma 2.2. The regulator chooses a positive production if the upstream firm U proposesthe

regulationtariff.

In that case, the regulation of firBis not costly for firmU, but neither is it beneficial. Firrd
can extract from the regulator what it could obtain directly from fidrim the absence of regulation.

This tariff ends up with a high price but consumers preserve part of their surplus.
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Butis it the best strategy for firkd? 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 surplisBut, 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 firB. 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 facilty. 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(q;) = 1% [SW"R—Sl(O)} +FY +Vqy,
which yields a profit oft! = 1%)\ [S\M’iR—Sl(O)} and a final production ﬁR. The level of social
welfare is $(0). Firm D gets zero profit.

Lemma 2.3. The profit of the upstream firm is decreasing\in

The profit of firmU can be rewritten
= [pRa® Y (6fF) ~C (6] + g5 (S~ 51(0) — i),

This expression clearly demonstrates that the regulation ofdiatiows 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 quantiq)l’iR (first term). Because consumers do not pay directly firm
U, the real cost for the regulator of an additioeasked by firmJ is (1+ A)g, which explains the

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

180ther 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.

In other words, the upstream firh 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 tariffl fsrable to extract all
the surplus from this new downstream firm.
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The intuition of this result is simple. Firtd has to se{Ho, po) such that it respects the accep-

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

S1(a5) +Ap1(g;)ai — (1+A) (CP (g3) +Ho+ podi) > S1(0)

and maximizes its profit. Assume thpg is fixed tocY. Then, onlyHo remains to be set. What
happens for the regulator Hp is increased? Each euro more in the fixed part, departing from an

arbitrary low value, decreases social welfare in the following way

dSW(qj (Ho,¢”) ,Ho,c”) ~ aSW(q;, Ho, po) dg;
dHo B aql dHo

(1+A)=—-(14+A) <.

The first partial derivative is null becauggis the best choice of the regulator givdpandpg. Thus,
by asking for one euro more, firth increases its profit by one euro and decreases social welfare by
one euro and, the cost of public funds associated to the extraction of this extra euro. This remains
true until social welfare reaches the le@|0). Let now move to the incentive of firtd to depart
from unit price at marginal cost. The consequences in terms of social welfare of increasing

given by

dSW(d;j (Ho, Po) ,Ho, po) _ 9SW(aj, Ho, po) dog
dpo 00 dpo

(1+AN)gi=—-(1+A)g; <O.

But what is the consequence for fitthin terms of profit? If one does not take into account the
constraint on social welfare level, increasidgandpp yields
dg; dog
dri) = |1 —cY) =L | dH ~cY)=2|d
+ (po—c )OIHO b+ |1+ (Po—cC )dpO Po,
with T = 0 until the constraint on social welfare is binding, a%-% < 0. On the one hand,
increasingpo from ¢V induces a gain odi; and narrows the margin on the constraint (that is reduces
social welfare) by(1+A)q;. On the other hand, increasiity, still from the situation wher@o =

¢V, induces a gain in profit of 1 and narrows the margin on the constraifit-of\). At pg = cV,

the gains in terms of direct profit of increasing eitlpgror Hg equal the loss in terms of constraint
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margin. But as far as one departs fr@gn= cV, this is not true any more as there is a lower gain in
increasingpo (S—gg < 0) than the reduction in terms of the constraint, compared to an increbige in
Increasingpg raises less “realized” profit than it limits “potential” ones by restraining the margin
between the “realized” level of social welfare and the threshold lev§ @@). Thus the upstream
firm has an interest in keepinmp = cV 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, wherlJfimaximizes 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 df fiomgenerate
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 rplgasfdHg. The first instrumenpg
is used to generate the highest social welfare, that is, induces socially efficient production, whereas
Ho 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 regulatiqnﬁi,Ras p‘f. In a sense,
they do not feel directly the effect of the rent extraction but rathéirectly through transfers gen-
erating the cost of public funds, i.e. through imperfect taxation.

Fourth, as the rent extracted by the upstream firm is decreasdhie 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 estiiadaround 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 therefqmeori limited by the high cost to
the regulator of raising money.

Finally, the equilibrium level of social welfare is equal3p(0) and all the benefits derived from
the production of good 1 are taken by fittn Thus, with regulation, national social welfare is as low
as if there were no production, despite the fact that the level of production is secofitieipgishal.

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 parametkr
21The presence of does not allow to reach the first-best in this kind of model.
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2 t=3 Time

| -
[

t=0 t=1 t=
| | |
[ [ [
Regulation —— FirmU: TY to regul. i: Regul. accepts — Regul. chooseg;

Regul. rejects —— No production

No regulation— FirmU: TY to firm D i: Firm D accepts — Firm D chooses ¢
Firm D rejects —— No production

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 no
to regulate firmD. In a second period, fird 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 fir® otherwise.

If, in the first period, the regulator decides to regulate fdpsocial welfare is equal t§; (0),
as shown in sectioB.4. On the other hand, in the absence of regulation, social welfare is equal to
S (ay') — p1(ay') @y, as shown in sectioR.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 taBlé&. Finally, the regulator does not regulate fibn firm
U extracts onlyr”, the final production i$1‘1’i and firmD gets zero profit. Thus, the consumers are
better off when there is no regulation even if they consume kgss(q}'R).22

One can wonder what happens when the choice to regulate or not the downstream firm is given t
the regulator after the two-part tariff is proposed by the upstream firm. If this was the case, given the
two-part tariff TV, 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 lem24. 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 framewdak_affont-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 'R > qy
Social welfare S1(0) < Si(ay) - P1 (q¥) g
FirmU’s profit HAA [sv\/V'R_sl )] > Vi

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

but firm D cannot acceptV because there is no way to respect its participation constraint, so there
is no production; either it accepts the tariff which induces production at adé\?ellt is clear that

the choice of the regulator is not to use its power of refusing to regulatelfibat to accept the
contract, which is the best firtd could have. Thus, in order to be worth it, the no-regulation outside
option should be given before firbh proposes its tariff.

Nevertheless, this equilibrium is not Pareto optimal. Faced with the optimal two-part tariff de-
scribed by lemma.1, the regulator would prefer to regulate filtn while keeping unchanged the
tariff. The price would then be set pqiR which will increase social welfare while leaving unchanged
firm U’s profit, which is equal ta®’ irrespective of the production levél. 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 secti@ry.

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 predic& (q¥) — pf (q¥') g¥' as final social welfare. On the other
hand, were firnJ 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, indu&in@) 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 eqy&0jo
Thus, unless the regulator can oblige flonio commit to its tariff without regulation, which is rather
unlikely,?# it has no interest to depart from its choice of refusing to regulatelirm

Consider now the case where the regulator commits to regulate. lfi@acts optimally, social

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

23The assumption on fird’s cost function eases the justification of this argument.
241t 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 &¢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 tirns a foreign undertaking. Therefore,

this section departs from the reference model described in s&&@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 coefficierit [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

m%%([slw\plql—)\rP —(1+A) (CP +Ho+ poas) +ar’],
Az,

with T = Ho + pogz — CY (g1) and under the participation constraifit > 0. As usual, it is costly

to leave rents to the firm, thust® = 0. The first order condition is

P10~ C8 (@)~ 155 (@)~ (1- 1505 ) ot poyPu(@m=0. @7

It is assumed that the second order condition is satisfied and that this equation has a unique solutic
g; (po) for any proposegbg. The regulator accepts the two-part tariff if the social welfare is higher

than its outside option of zero production

* ok * a * a
St +ApIdy — (1+A) cP +1+—)\CU +< 1+)\) poql} (1+A—0a)Ho >S5 (0). (2.8)
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Domestic firmU \ Regulation No regulation
Production of good 'R > ay'
Social welfare S (0) < Si(af) - ps(af)ay
Firm U’s profit g [SWR-5,(0)] > !

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

The upstream firnd 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 equatio.7). As usual, the quantity of good 1 is independent of the
fixed partHp and the acceptance conditiaa ) is constraining the increase Hy. Therefore, this
condition is binding andHp can be substituted in the objective function of fiim which yields,

omitting the arguments, the following program

maxs S~ S (0) + Apic; — (1)) (€% + O]

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 fpr= q‘l"R, which can be generated by
the choice ofpg = cV. This solves the problem of firtd. Results are summarized in tat2e.

When the regulator can decide ¢at 0) whether it wishes to regulate or not fify the same
kind of analysis as in sectidh5can be followed. If taken before the proposal of the two-part tariff
by firmU, the decision to regulate or not the downstream firialows the regulator to limit the rent
extraction by firmJ through the deny of regulatici?. In this latter case, the equilibrium of the game
is the same as the one described in proposii@and 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 coefficeerfirm 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 fiyrdoes not change the outcome described in propostidif
taken after the proposal of the two-part tariff by fitihp for the same reasons as explained in se@ién
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Moreover, the optimal two-part tariff for firm U when there is regulation () = 1Jr)\;_d[S\/\NiR

—$1(0)] + FY + Yy, which yields a profit oft! = ;- [SW"R—5; (0)] and a final production
q‘fR. The level of social welfare is; ) 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 robustidiiinyg
a national undertaking. Moreover, one can verify, first, that the equilibrium described in the propo-
sition 2.3 fits with the one exhibited in propositichl whena = 0 and, second, that the upstream
firm’s profits are increasing ia. The five features discussed exhibited in secBd@remain 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 propositd. Obviously, the regulator accepts
TY: this yields a social welfare equal 2 (0), as before, plus the part of fird's profit, therefore the
acceptance constrair.g) 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. firid 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 fildhunder regulation of the final market and pref-
erence of the regulator not to regulate, are robust to firineing a national firm but still require

firm U keeping all the bargaining power over filthand the regulator. One can wonder if this latter
assumption is necessary to obtain all or some of these results. Thus, this section introduces a mo
balanced bargaining power between fidrand 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 stepp = 1 of the timing described by figur2.3, page67, is preserved: at = 1,
bargaining occurs with respect to the two-part tafHip, po). Then, att = 3, for the tariff set by
this bargaining procedure, either fihor the regulator reacts optimally by setting the appropriate
production levels required to maximize their own objective function (respectivefismprofit and

social welfare)

{ d; (Ho, po) = argmax; [T (Ho, po,d) = [p1(d) — po)q— [CP () + Ho]] ,
G1 (Ho, po) = argmax, [SW(Ho, po,q) = S1(a) +Ap1 () g— (1+7) [CP (q) +Ho + pod]] -

If one does not add any participation constraint regarding the definition of these solutions, i.e. if
constraints® > 0 and SW> 0 are not considered at this stage, tlignand dy turn out to be
independent fronHp, so that, in the rest of this section, participation constraints will be added
explicitly andqj andd defined as functions afp only.

The same outside options as in previous sections are kept for both firms and the regulator: firms
either contract (firmJ 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 (witl fiemd gets
the benefits of production and consumption, or does not contract and faces social weHgai@) of
The relationship between the regulator and fidris 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 fibris not regulated, the participation constraints to

consider are

1 (Ho, Po, & (Po)) = Ho+ pog; — FY —cVq; > 0, 2.9)
T (Ho, Po, 95 (Po)) = [P1(d}) — Po] o — [CP (d}) +Ho] > 0.
When firmD is regulated, the relevant participation constraints are
™ (Ho, Po, 1 (Po)) = Ho+ podis — FY — Y1 > 0, (2.10)
SW(Ho, po, G (Po)) = St (61) +Apa (61) G1 — (1+A) [CP (62) + Ho+ podir] > S1(0).
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Let y € [0,1] denote the bargaining power of firth with respect to firmD and € [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 con{tagtpo)
satisfying the relevant participation constraints and reaction function. Whefisnmot regulated,

the objective function to maximize is
M* (H 0= [ -0 [P -0 2.11
( 0 panl) [ ] |: ] ( . )

under the constraints on the existencegpfand participation constraint2.9). When firmD is

regulated, the objective function becomes
i (Ho, po, 1) = [ — 0]° [sw—s; (0)]* P (2.12)

under the constraints on the existencepéiid the participation constraintd.10.

2.7.2 Two examples

If B =y=1then 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 fronTfirfthe optimal tariffs
are described in lemnia 1 when firmD is not regulated and in propositi@il when it is. Ex ante
the regulator prefers not to regulate fibrin order to limit the rent extraction, despite the high final
price for good 1.

If, on the contraryp = y = 0 then all the bargaining power is in the hand of either the regulator
or firm D. In these circumstances,tat 1, both the regulator and firfd would propose a two-part
tariff equal to (FY,c”). Firm U ends at zero profit whatever the production 1&veind firm D
chooses the vertically integrated monopoly producti{irwhile the regulator chooses the second

best’ level gfR. At t = 0, the regulator compares social welfare levels reached whether or not firm

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

SWR= {S1+Ap1a1 — (1+4) [C°+CV }|, _u,
where all benefits from production and consumption are kept by the regulator. On the other hand,
the absence of regulation induces benefits from consumptiq\_"\ ahd the maximum benefit of the
vertically integrated firnm"!, which yields

SW= {S1— P10 }|g,_qs + (1+]) ' = {Si+Apigs — (1+\) [CP +CY] ququ‘

This is, by the very definition ‘fR, 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 caBafaty.

2.7.3 General case

If firm D is not regulated, the first order equati&hare

o 1|y
3o (1-y)X L_ X] 0,
on* on* uy 99 y-1

whereX andY are defined as the following ratio

™-0 ™-0
X SW_S [0}

T m-0 V= swos o)

Thus, the equilibrium is characterized py= c¥ andX = 1% which induces the following solution

I v =yn, = (1-y)n. (2.13)

28please refer to sectidhC.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

™ =y {pgs — [CP +C"] quzq\{i-

Moreover, the level of social welfare is equal to
SW—51(0) = {St— P10t} |g,—qs — SL(0) + (1+7) (1—y) 1"

= (1-y) {St+ AP — S1(0) — (1+2) [CP +CV]}|

+Y{S -p—S (O)qu:q\{i )

Q1 =a}

This expression is due an implicit assumption on fibrbeing public. Indeed, when firrD is
regulated, its profit or losses are added in the social welfare function with a multiplicative factor
(1+A), i.e. with their associated benefit or cost, respectively, related to public funds. But when firm
D is not any more regulated, theredspriori no reason why its profit should contribute to public
funds, unless firnD is a public undertaking. This case, where fibis profit when it is not regulated

is added without the extra cost of public funds, is presented in the proof of Iéh#(section2.C.5
pagel05).

If firm D is regulated, the first order equations are

B

— = (14N A=R)YPF | —F v,
g~ (THM(1=B) 1+N)(1—p)

on _ . on _ Yy Qg1
apo—Q1aH0+l3(po C )deY

and the equilibrium is also characterized fay= c¥ and, moreovery = m which induces

the following solution

a=cff, = [SWR-S (0], SW-5(0)=(1-B)[SWF-5(0]. (214
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Social welfare higher under... Firm U’s profit higher under...
v B B
l1r-------------- + l1r------------ +
[~3(1) " No REGULATION -~ B(Y) REGULATION l
; B (1)1 B (Y)
B(0) 1 REGULATION | I
0 Y 0 No REGULATION; Y
0 1 0

Figure 2.4: Thresholds for social welfare and fidis profit relative to bargaining powers of firbh
with respect to the regulator and firn

Reminding the definition of SWR, social welfare can be rewritten
SW-5;(0) = (1-PB) {S1+Ap1a1 — S1(0) — (1+) [C°+CY] }|, _ v
and firmU'’s profit is then equal to

™= 1% {St+Ap1aL—S1(0) — (14+1) [C°+CV] } |, e

=B {paon — [CP +CY] qu:qu + 1%\ {S1— P01 — S1(0)}H g, —qur-

Ex ante(att = 0), the regulator makes its mind about the option to regulateBitmy comparing
social welfare under the two possibilities. The corner examples given in the two previous paragraphs
make clearly the point that there should exiﬁ(&) such that social welfare is equal in both situa-
tions. Alternatively, one can compare fittris profit in both cases. This is the point of the following

lemma.

Lemma 2.4. For all yin [0,1], there existf3* (y) such that firm U’s profit at equilibrium under
regulation of firm D is equal to firm U’s profit at equilibrium without regulation, a[Ed/) such
that social welfare at equilibrium under regulation is equal to social welfare at equilibrium without

~

regulation. Moreover, these two thresholds are such that, foryaiy[0,1], B(y) > B*(y) and
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~

B’ = B"* < 1. The same conclusions, except the equality of derivatives, are derived when firm D’s

unregulated profit do not benefit public furfs.

As shown by figure.4, parameterg andy define three different regions. First, for a giveand
B < B*(y), firm U would prefer firmD not to be regulated while the regulator decides the opposite.
Indeed, as the regulator’s bargaining power is high,(.& 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 i
bargaining power is too low when it faces the regulator, fifnextracts more rent from its direct
bargaining process with firr.

Second, forﬁ(y) < B, firm U would get higher profits if regulation of fir® occurs while the
regulator favors the absence of regulation. In this case, the bargaining power betwednaiiran
the regulator turns in favor of firtd 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 B*(y) < B < B(y), both the regulator and firtd prefer regulation. On the one hand,
the regulator is strong enough with respect to fishso that it prefers to induce the consumption
of q‘l’iR instead ofq‘f, i.e. the share of the higher “cake” gW—Sl(O) it preserves when there is
regulation is still higher than the one it gets without regulation. On the other hand)fignetter
with a portion of this larger “cake” than with what it gets from its bargaining with fdr¢for which

the “cake” to share is onlg*).

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 threshold3* (y). Moreover, the regulator chooses not to regulate firm D when this same bar-
gaining power is larger than the thresho[ﬁiy). Whenevep lies betweeif8* (y) and[~3(y), 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 wherDfisnunregulated, 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 fidrand the regulator ends with efficient production
and allocatio”’ of good 1. Moreover, when the regulator’s bargaining power with respect taJfirm
increases, i.g3 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 existsﬁafor every possibley such that, fof3 < [~3 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 andfibanefit from production
of good 1: consumers get a strictly positive surplus and firkeeps a positive profit from its sale.

This means that social welfare is higher than consumers surplus (strigtly®) and is worth being
considered by the regulator. Thus, for a consfanvhen the bargaining power &f with respect

to D decreases, firrD keeps a higher part of the gain from production of good 1 and the regulator
might want to abandon regulation because what brkeeps 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 producesj'is
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of the downstream firm and both firbh and the regulator face the same lack of knowledge: they

share the same beliefs on fillrs cost function.

2.8.1 Model with asymmetric information

Downstream sector. The cost of firmD, exclusive of the two-part tariff¥, become<P (B,
01, €) with a constant fixed codtP. The parameteB represents the type of firfd, an efficiency
parameter chosen by nature, vv(tﬁ > 0, while e represents the manager’s effort, Wi < 0.
This effort decreases the cost of production but implies a disutility of efide), with Qe > 0
and Yee > 0 for e > 0 andy (0) = 0. For the sake of simplicity, the cost function is specified by
CP (B,q1,€) = FP 4 (B—e)q1.3! Keeping the same accountancy assumptions than in sex@on

the utility or profit function of firmD is
™ =t—y(e),
wheret stands for the net transfer from the regulator to fidm

Asymmetry of information. Neither the regulator nor firrd observe the effore or the type
B of firm D. The cost structure of firnD, its fixed cost and the beliefs on the distribution of the
type 3 are common knowledge. The regulator and funebserve the total cost and the quantjty
Moreover, they know tha can take two valuesp (efficient firm) with probabilityv andp (less
efficient firm) with probability 1— v, with AR = B — B>o0.

The revelation principle is used for all contractual relationships such as between the regulator
and firmD or, when there is no regulation, between fldand firmD.

Thus, when it regulates fir®, the regulator proposes a menu of contracts, for each possi-
ble type off, which associate a net transtera final quantityg; and a cosCP of producinggx:
(t(B).a1(B),CP(B)). (t(B),ax(B),CP(B)). 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 dedu

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 eff@&{) exerted by the firm. Thus, by an abuse of notation, the menu of
contracts is equivalently writte@,gl,gD), (f,ql,CD) or (t.q,.e), (£,01,8).

When the regulator decides not to regulate the downstream firm, it allowdJfitoncontract
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 seciotthat 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 tgpfopose
to the regulator (single two-part tariff) or to firby (menu of tariffs) are not of the same nature. This
is due to the (assumed) absence of asymmetry of information betwedd famd the regulator. But
the essence of the argument is kept. Indeed, the relevant benchmark far fgmwhat occurs if
there is no regulation as opposed to when the regulator regulated firm
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 fitthto firm D, when this latter
is not regulated, is computed and labeled. 82
The comparative statics of the asymmetric information case are summed up i2.&hlsing
the notations described above ap@) as the rent extracted by an efficient firm exerting eféorll

computations are detailed in annex (secofy, 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 ng 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

321t 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 { L > o
B:ay B:ay
[_3 . eviR [_3 . eVi
Firm D’s effort level { B ViR > { 3 Qi
: E[S (ay') — pa(af) ]
Expected social welfare S1(0) < v (e)
o . B:0 = B:0
Firm D’s informational rent { B (p(eV'R) S { B: cp(é"')
FirmU’s profit w > E ] —ve(e”)

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 les:
profits from regulation of the downstream sector than it could in the perfect information case; and
(2) the efficient downstream fir@ 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 no
Pareto optimal.

Moreover, it turns out that the trade-off between rents and efficiency depends on the regulator’s
decision with respect to firnd: both types of firms have to produce more and provide more
efforts when regulation occufs. This can be deduced from the first order conditions of fifrand

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

33This results require€qe to be negative, which is assumed in this section. Please refer to s2didhp. 112for
computations and the treatment of the alternative case.



82 CHAPITRE 2. REGULATION, ESSENTIAL FACILITY AND RENT EXTRACTION

the following equations

P1(G1) + P1q Q) 61+ |~y Pag () | = CF (B,a1.€)+CY (au),
—~C2 (B, €) = We(e) + e (€) — | 7Ly (€)]

where, first, the contracts proposed by fitncorrespond to the limit case wheke— +o0 and,
second, the contracts for the efficient type corresporydH®. These equations show how, for given
quantity and effort, either marginal profit is higher for the regulator than for firmr 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 wittvhile 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\typ@)
marginal benefit (of this effort on cost) is identical for fitdhand 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 fikunto the efficient firmD costs one euro to the
former but the same operation from the regulator to frnonly costsA euro, the cost of public
funds associated to this transfer, because both consumers andl fake 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 firy the efficient type saves a renp(e"i). On the contrary, when it
does regulate firD, the same efficient typ@ gets@(@'R) > @(8"). 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 tal3shows 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 decisiéfh.This divergence of interests plays no role in the current framework
because firnD 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, lenfriaexhibits 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 essenti
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 lemma.3, firm U’s profits are decreasing . On the other hand, the more money
the regulator extracts from its public funds, the more distorting the taxation should be, generating
a higherA. 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 undeDf&rmegulation, this
could influence (and increase) the value\ofThus, one would suspect that, if the logic behind the
rent extraction does not change with the value\ ¢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 propogtibn

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 th
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 t

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

4t is not clear that the efficient fir will alwayshave an interest to lobby as, “broadly writing”, its private informa-
tion could be signaled from this behavior, the inefficient fibrbeing 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
regulationa la Ramsey-Biteux 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 financhg.

2.9.1 Model

Economy. Introducing a regulatory framewoik la Ramsey-Biteuxrequires some modifica-
tions in the model proposed in secti@® 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 firnD, all these final goods indexed by
i =2,...,nare regulate? and regulating both firms under the same budget constraint allows a better
flexibility. Therefore, altogether, firmB andN represent a conglomerate of all regulated activities
in this economy/ 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 fifrand 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 functio@N (qp, ..., qn), with marginal cosC('q\i' > 0 for

each good and with fixed (not sunk) cosE‘,N > 0 for the production of good as it is assumed

35Contrary to what is suggested in this presentation, the regulatory framéwarRamsey-Biteuxis anterior to the
onea la Laffont-Tirole This latter has been proposed in reaction toatidocconstraints 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 framew@rka Ramsey-Biteux please refer to Bteux (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.

3'These activities may be regulated for different reasons: natural monopolies, strategic industries, universal service
obligations, etc.
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for firm D. The cost functiorCN is assumed to be separable, such that one can extract the cost of
producing good, C,N, for eachi = 2,...,n.38 The profit of firmN’s activity concerning good is

namedr® (q;) and is maximized by a production level callgl. Profits are therefore

1 (do) = T" (q0) —CY (o),
T (1) = p1 (o) g1 —C° () — TV (an),
™ (02, ...,0n) = Zinzz [pi () G —CP (a)] -

Moreover, rqi (1) = p1(01) a1 —ClD (1) — CY (qu) is used to describe the profit of the (virtual)

vertically integrated firm, made of firnt$ andD, producing good 1.

Consumers. Consumers are characterized by independent gross surf§ygggor each good

i,3% with Sg, = pi (i), the inverse demand curve for gog@ndSq < O.

Regulator. The regulator regulates firid by choosing the final outputs in order to maximize
social welfare SWas,...,qn) While taking into account that prices ensure positive profits to the
regulated sector, i.e. either firnsandN if D remains regulated, or firll 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 filhandN

SW(1, Gz, - Gn) = 3 4 [S (G) — pi (a) &) + T (an) + 70 (0, .., G)

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 firhand 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. Fo
instance, a common fixed cost between the production of good 1 and anothgrgmdd 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 c
this cost becomes part of the strategy. Indeed, when the regulator decides not to reguateHgmegulator separates
firm D from the other activities of firnN and fully allocates the common fixed cost to fibvso that it decreases the rent
of firm U and increases social welfare. Moreover, a common fixed cost between two actigitié$ 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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FirmU FirmU
Foreign
"""""""""""""""" Domestic | 7
Budget constraint | | Budget constrain
Firm D Firm N | ‘| Firm D Firm N

( Consumers ) C Consumers )

Figure 2.5: The industry vertical structure under budget constraint: without (left) or with (right)
regulation

the game described by figuBe3, page67. This section goes through the analysis and discusses the

results. All proofs are collected in the appendix (secdd pagel02).

2.9.2 No regulation of marketl

FirmU contracts directly with firnD 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 markets= 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 lemffa.

Lemma 2.6 (Lemma2.1). Without regulation, the optimal two-part tariff for firm U isUTq;)
=1t () + FY + Yau. The quantity produced isjq Firm U’s profit is ¢! (g¥) and the social

welfare level is $(q}) — p1 (a}) g¥. Firm D gets zero profit.

This is theno-regulationtariff in the Ramsey-Biieux 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 lemraal, 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 fird gets at least zero profit

manZ:--an [ZIn:ZS (ql) _CN (q27 »Qnﬂ
s.t. ™ (gy,...,qn) >0, (2.15)

i.e. pi (q\l)_C:ql\ll (an 7Qn)+mplq (q\l)q\l =0 fori :27"7n'

where) is the Lagrange multiplier associated to the budget consttailitis assumed that second
order conditions are satisfied and that there is a unique sol{djdpo, Ho) };_, _, for any proposed
po andHg of the accepted two-part tariff such that> 042 Thus, regulation results in prices for
goodi = 2,...,n a la Ramsey-Biteuxand firmD getting zero profit, i.e. social welfare ends up as
consumers surpluses.

Thus, when there is no regulation of fill) social welfare is equal to S ‘1”, O2,... ,Gn). More-
over, when there is no production of good 1, i.e. whgn= 0, the regulator still faces the same

objective function which yields S\, Gy, . .., 0Gn).

2.9.3 Regulation of firmD

If the regulator decides to regulate firfhthen, givenTY, it maximizes social welfare under the

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

ma)%quwaqn [ZP:lS (Qi) - CD (Ql) _CN (an ---7Qn> - TU (Q1)]

st. ™ (q) +m (g, ...,0n) >0, (2.16)

ie. pu(ay) —C (af) — Po+ tiyP1g(af) df =0
pi (o) — CY (G5, O) + e Pig (GF) o =0 fori=2,...n.

#n the absence of more detailed speC|f|cat|0n on the cost functions, i.e. related to the reasons for regulation of firm
N’s activities, all cases o are possuble}\ 0 and\ > 0. Nevertheless, in the presence of fixed cost and with constant
marginal cost, for example, the only possible solution become®, which seems more meaningful from the economic
point of view because it induces zero profit for filn

42|n particular, there may be some values frandHg such that this system has no solution, but these values will not
be proposed by firry.
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It is assumed that second order conditions are satisfied and that there is a unique $qfitien
Ho) }i—2....n for any proposegy andHy of the accepted two-part tariff such thet > 0.43 FirmsD
andN get zero overall profit and social welfare ends up as consumers surpluses.

The regulator refuses the proposed tariffif one of the two following conditions is fulfilled: (1)
payingTV yields less social welfare than not providing good 1, i.e. the solutioB.&#is such that
SW(q;,d5,...,05) < SW(0,02,...,0n); (2) there is no way to raise enough funds from the economy
to payTy, i.e. the proposegy andHo are such that there is no possible solut{of ( po, HO)}izl,...,n
to the programZ.16).

This second condition means that, for a giy®nHp must not violate the budget constraint

1P (a) G —CP (d1) —CN (G, ..., Gn) — FY — pog > Ho— FV.

The left hand-side of the inequality corresponds to the profit of an integrated monopolyUfjins
andN altogether) facingyg as marginal cost of producing good 0. This inequality clearly states that,
for a givenpg, Ho — FY cannot be higher than the maximum profit this integrated monopoly can
obtain, i.e. forgy = g7' (where monopoly output is defined for the gives) andg.1 = . If this is
not the case, then the regulatory body cannot extract from tharkets the required bill demanded
by Ho.

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

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

Lemma 2.7. The regulator always accepts the-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 ghod

Lemma 2.8. Assume that the upstream firm U proposes a taritf(@) = Ho + pogz, with the
associated regulated output valués, G, ..., Gn) such thatSW(du, G, ..., Gn) > SW(0,02, ..., 0n)-
Except in the extreme case whéfie= qf’ (where monopoly output is defined for the giveh gnd
Giz1 = g, it is always optimal for the upstream firm U to ask for a two-part tariff with a fixed part

strictly higher than H.

43The same remark applies fhrand\*. See footnotd2.
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Unless all prices have reached monopoly levels (withbeing defined for the givepp), the
regulator is ready to distort them so that it can raise enough funds to pay for the fixed Elgarge
The increase in any price, and its consequences in terms of consumer surplus, is less socially cost
than the absence of production of good 0. Thus, moving from the two-part tariff without regulation,
firm U can raiseHp 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 gy)erirmU 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 t
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 situatior
corresponds, for example, to an economy where good 1 is comparable in consumers’ tastes to oth
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 extra
all what is made available in the economy, and the unit price yields efficient production of good 1,

i.e. pp = ¢ 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 regulat®fiant = 0),

it has to compare potential equilibria in terms of social welfare. With regulation, it obtains ei-
ther SW(0,Gp, ..., Gn) or SW(q¥', g2, .., ql"); without regulation, SWaY', G, ...,Gn). The consumer
surplus associated with good 1 is always higher when there is consumption of this good, thus
Si(aY') — p1(a¥) o > S1(0). Moreover, by definition of monopoly price§ (Gi) — pi (G) G >

S (") — pi (™ qg. Conclusion follows (for the case of firtd’s profit valued by the regulator,

please read the dedicated sectB, page99).
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Proposition 2.6. When regulation is formalize@l la Ramsey-Biteux, 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 coefigient

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 firmJ’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-linea
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 ngper serestrictive. Regarding bargaining power, sectin shows that, as far as
the upstream firm’s bargaining powers are over some thresholds, the same two results remain tru
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 accour
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 firn
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-agen
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 ih&detisin

some benchmarks are studied. Then the impact of the asymmetry of information is analyzed wher
the regulator either regulates fifor shuts it down. Finally, the case where the regulator is given
the opportunity not to regulate firl@ is studied. For the sake of simplicity, firBis cost function is

assumed to be

CD (B,Ch,e) = FD+(B_e)Q1-

All proofs are collected in the appendix, pab@2

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 accountfgmwhole

profit in the social welfare. The second benchmark corresponds to what shaufutioel 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@8. 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 E[S+Apior —Aft—¢] — (1+A) [w+CP+CY]]
91»§7E7q1,é,f
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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

p

p1(a) ~CR (B.ay.) ~CF (9,) + i2xpua(9y) 8, =0,
be(e)+CP (B.;.€) =0,

p1.(d) —C§ (B.01.€) —C¥ (@) + 25 Prq (@) = O.
We(8) +CB (B.ay &) + iy 12y (8) = O,

(2.17)

where@(e) = Y (&) — W (e— AB) is the informational rent that typ@ gets because it can pretend to
be of typeB, with @ > 0 andg. > 0. It is assumed that the second order conditions are satisfied and
that this system of equations has a unique soluti@f®, g7, (&', g{'?)}.

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

welfare levels associated _Ibandﬁ are respectively noted SY# andSW'™ such that

SV\/JlR S{'R+)\p‘{'Rq‘fR )\(pVIR— (1_|_)\) [vaiR+CD (B CI\1/|R7 eVIR> +CU <q‘{'R)} ’

(2.18)
SWIR VlR—l—)\p\qu\fR (1+)\) [EI]V'R—f—CD ([3 qV|R ewR) +CU (qu)]

and the expectation ovéris noted E[SV\/‘”R] — VSWVIR ¢ (1- v)WiR. The vertically integrated
firm of inefficient type gets zero profit, while the efficient type gets an informationak[r@Y’tR).

Let's noterR andm'R the following levels

I[viR =p (q\1/|R> q\lllR [w (gviR) —l—CD (B’ q\]/-IR’eVIR> +CU <q\{|R>} 1

e o o (Bate) s @]

and E[1R] = viiR+ (1—v) R They represent the profits of the vertically integrated firm of,
respectively, efficient and inefficient type, when the production levels are, respec([eYé?qu'R)

and (e"R qyiR).
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No regulation of the downstream firm

Consider now the case where there is no regulation of Bikme. 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 fir®, it maximizes its expected profit under the individual

participation and incentive compatibility constraints for fibnDenoting
E[m] = vrt (B) + (1)1 (B).

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!band ¢/, or g’ ande"'. Firm U's expected profit i& 1] —ve(e") and the
expected social welfare levelis|S; (') — p1 (') a}'] +ve(€). Firm D’s profitisO when it is of
typep and@(€") when it is of typeB.

2.A.2 Socially harmful regulation

The timing of the game follows the same path as described in se&dofirst, nature chooses the
type 3 of firm D; second, the upstream firch proposes the two-part tariff to the regulator; third, the
regulator decides to accept or not the tariff and computes the optimal mechanism for; famnal,

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

Strategy of the regulator

If it accepts the tariflTY, 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 offlirm

max E [Sl+)\p1q1—)\nD —(1+A) (llJ+CD+Ho+ Pods)] -

91 :Qqu 7é7t
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Standard analysis yields the system

q
L|Je(_)+CeD (E? 17§> = 0;
p1(A) —C§ (B, €) — Po+ 125 P1q(0) 8 = O,
| We(®+CP (B.ay8) + 2515 ®(@) =0,

which is assumed to be uniquely solved for any propgmeay { (d; (Po) ,€" (Po)), (T (Po) . € (Po)) }-

As in the full information case, this solution does not dependHenOnly the efficient type gets a
strictly positive profitr® = @(g*), 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 equaBid0). Thus, the regulator accepk$ as long

as social welfare when there is production is greater than or eq&a(@.

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
Po and, second, the acceptance of the tariff depends on the quantity and effort set by the contract of
the regulator and oHlp. Therefore, for a givemg, the acceptance of the tariff limits the raisetHf

and the constraint is binding. Firbh 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 througho, and to ask for it througly. The main difference with the

full information case is that firnd has only one instrument, namepg, to generate the solution
{(gy.€"). (@1, €)}. But this is possible here because fiths marginal cost is constafit. 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.



2.A. ANNEX: ASYMMETRIC INFORMATION 97

Moreover, the optim&P two-part tariff for firm U when there is regulation is

1 _
T iR u, U
T (CI1)—1+)\E[SV\/V S (0)] +F~ +c’ o,
which yields a profit oft! = 135 E[SWR—5; (0)] and final outcomes} and &R, or gf? and
2R The expected social welfare is(®) and corresponds to the zero production situation. Firm D

gets zero profit when it is of tygand ¢ (€"R) when it is of type.

The regulation of firmD under asymmetric information still allows firlh to collect part of the
consumer net surplus on top of the expected regulated vertically integrated profit. Indeed, the profi

of firm U can be rewritteff as
v — E[nR] 4+ 1 ¢ [SIR 5 (0) — pURGliR] — Av o(e")
14+ i 14+ '

The asymmetry of information limits the rent extraction by a fac%%((p(e"m), which represents
the cost of public funds associated with the efficient firm’s rent (the\in the denominator is due
to the fact thaHg is taken from public funds) but does not modify the fact that fifrmanages to

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

2.A.3 Endogenous decision to regulate

As in sectiorn2.5, the setting is extended so as to introduce a new outside option for the regulator: to
choose whether or not to regulate the downstream@irbefore 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 tarifiV, 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.

4SFollowing the discussion in sectiéh8.2p. 80, this is the “best” two-part tariff from the point of view of firth. Of
course, this is no priori the optimal (unrestricted) contract.

46The definition ofSW" and SWR are given p94.
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The timing of the game is the following: first, nature chooses the type of@irreecond, the
regulator decides whether or not to regulate fidnthird, firmU proposes a tariff to the regulator if
there is regulation, or a menu of tariffs to filtlhotherwise; fourth, the tariff is accepted or rejected
by the regulator, if regulation, or by firfd otherwise; fifth, final levels of good 1 and effort are set
by the downstream firm.

If, in step 2, the regulator decides to regulate fDpthen 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 Brrthen, in step 3, firn proposes
a menu of tariffs to firmD which, in step 4, accepts or rejects one of these tariffs. The subgame is
analogous to theo-regulationbenchmark studied in secti@A.1. The optimal contract is described
by lemma2.9and expected social welfare i (q¥) — p1 (qf') g¥'] +ve(e”).

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 ofirm

Lemma 2.11. When the regulator decides whether to regulate or not firm D before the two-part
tariff TY 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 proEt[u’f‘]
—v(e"). The final outcomes aré/cand €', or gf' ande"'. Firm D's profit is0 when it is of typd
and@(e") when it is of type.

All these elements are used in sectid®, page78, for the discussion on the effects of the

regulation.
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2.B Annex: Unregulated national upstream firm in the Ramsey-
Boiteux framework

In section2.6, page69, it has been shown that firtd’s ability to obtain a rent from regulation
is increased whenever its surplus is added in the social welfare objective function, i.e. i firm
is national. This was achieved through the increase in the fixedHpamad no influence on the
equilibrium level of the equilibrium . The main difference in a regulatory frameveolk Ramsey-
Boiteuxis that one cannot increase the fixed part without changing output levels because of the
budget constraint that links fixed and marginal costsHeggandq; for i = 1,...,n. This section aims
at extending the framewoikla Ramsey-Biteuxby relaxing the assumption that filchis a foreign
undertaking.

If firm U is national, its profits are added with a multiplicative coefficient [0,1] in social
welfare, named SW When firmD is regulated, the program to be solved by the regulatdr4s3

of the game described pageé)

1S (@) — 3y pi(g)a]+a[TY (g1) —CY (a1)]
+ [Ty pi(a) G —CP (1) —CN (a2, ...,0n) — TY (an)] (2.20)
s.t. 10 (on) +1N (d,...,0n) > 0.

ma)hLQZ?"qu

For given production levels, this new social welfare function is always greater than the one used until

now that did not take into account firdh's profit, with

v(ql 7é 07 QZ, “'5qn) ) SV\F (QLQZ; ---7Qn) > SW(qlana "'7qn> '
V(q]_ = 07Q27~--aQn); SV\F (quzv"'an> = SW(O7q27 "'7qn) .

Optimally solving this program yields once again priéda Ramsey-Biteux

{ p1(6") —CB (05") — ¢ = (1 5= ) Po-+ 125 Paa (67) G5 = O, .

P (") —CY (5", ., O") + Ty Pig (G7) G =0 fori=2,...n.
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Thus, taking into account fird’s profit as welfare improving has two main effects. First, the
perceived marginal cost of good 0 is decreasing witénd 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, fitth(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. FirstHp and pp must allow the regulator to raise enough money from the markets to

pay for the tariff

S b (A" " —CP (o) —CN (aF), ... a7) — pg"af > Hg”

whereq] is defined for the givepy*. Moreover, output levels induced by this tariff have to be such

that the absence of production of good 1 is welfare enhancing
SWA (a1, -, Gn") = SW(0,02, ..., Gn) -

Let (H(’;, pg) be the tariff proposed by fir 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 gooidg 1 are priced at monopoly price and good 1 is priced at the
monopoly price of the vertically integrated firmg @ndD altogether); (2) output levelsy;, ..., o)

induce the same level of social welfare as the one without production of good 1. Thus

1) pa(af) o' +3L,pi (g™ g —CP (af) —CN(ap,...,an) —FY — pgay = Hg —FY,
(2) SW<qi=7q;) = SW(O7 q\27aq\n)

(2.22)

When situation (1) occurs, firkd cannot obtain less than what it got when it was not added in so-
cial welfare @ = 0) because, due to the assumption of constant marginal cost, theélf@niﬁig = cU)
would yield the same level of profit, whatever the quangjtyreally required by the regulator. Nev-

ertheless, firmlJ 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

more and firmJ’s gain is equal whether or not it is added in social welfare, which ends at
SWF (af, a3'..., ) > SW(a', c3"...al) > SW(0, Gz, ...,Gn) - (2.23)

When situation (2) occurgHg, pg) being accepted implies that > 0 and, in turn, that SW(q;,
..,0n) > SW(ajy, ..., 0,). Moreover, quantities are assumed not to be monopoly ones. Thus, the tariff
has all the necessary features for lenr mutatis mutandisto apply*’ This yields the following

lemma.

Lemma 2.12. When firm U’s profit is added in the social welfare with a coefficeentirm 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 regulai2 firm
(t = 0 of the timing), it has to compare social welfare levels induced by both sub-games. If f&m
not regulated, social welfare endssit— p¥iqi + 5 ,[S — FiGi] +am; otherwise, eithes] — p¥iqY
+ 30,9 P +a [(He* —FY) — (py — <) qii], or S1(0) + 31,[S — FiGi]. The last level is
always lower than the first one. Moreover, lemfa2shows that firmJ gets a higher profit when
there is regulation. This helps comparing the first two levels. As in seéti@rthis comparison

shows that the regulator chooses not to regulate firm

4’The 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 framesvtak

Laffont-Tirole and section2.C.9to 2.C.12to the onea la Ramsey-Biteux

2.C.1 Proofoflemma2.1

This proof follows the same line as standard textbooks such as Tirole (1988, p. 176). At the second
step, when the tariff is set, firfd decides whether or not to accept the tafiff. It acceptsTV if it
can at least break even while maximizing its profit with the extra co$totthat is if there exists;”

such that

1 = arg rrg]aX[pl (9)g—CP () — Ho — pod]

and

~ ~

p1 (62) G2 — CP (61) — Ho — podia > O.

If such aq exists, then it is characterized by the first order condition which yields a solution noted
0; (Po). As usual, unless the constraint is bindiggdepends omg only. The second order condition
is assumed to be satisfied.

At the first step, firmJ maximizes its profit subject to the constraint that fibnis maximizing

its own profit under its participation constraint

gz = 9; (Po) ,

max [Ho+ poon —C" (a1)] st X
Po;Fo p1(d;) g3 —C” (d;) —Ho— poq; > 0.

Because leaving profits to fir@ is costly to firmU, the participation constraint of firid is binding

at the optimum7® = 0. This yields, omitting the arguments,
max[p1 (41) 61 —C” (a) —C” (ap)]

This program is the same as that of the vertically integratedViiramd attains its maximum for the

valueq; = q‘l’i. Therefore, the optimal tariff for fir is to setpg = cV. This yieldso (CU) = q‘l’i
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which is the argument that maximizes the objective function of firnfrinally, the fixed part is given

by the participation constraint. Firbh getst” = nl, while social welfare is5; (') — p1 (a}') af'.

2.C.2 Proof of lemma2.2

Basically, the regulator can secusg(0) by refusing to regulate firnD. As the tariff proposed
induces a higher level of social welfare, the regulator accepts it. More formally, when the regulator
facesTY (q;) = '+ FY + Y gy, the regulator maximizes social welfare under the constr&int 0.

This constraint is binding and social welfare becomes
St+Apith— (14+A) (C°+TY) = S — prc + (1+A) (prop —C° —C¥ —7") .

With gz = qf', social welfare isS; (a}') — p1 (a}') g} > S1(0) and the regulator accepts the tariff.

2.C.3 Proof of proposition2.1

From lemma2.2, § (q‘f) — p1 (q‘f) q‘f > S (0). Therefore, there exits songe> 0 such that the

left hand side minus remains greater tha® (0). This means that, when it faces the-regulation

tariff with €/ (1+A) more in the fixed part, the regulator gets more than the acceptance threshold
S1(0) when it makes firnD produceq‘f. Thus, the regulator still accepts this two-part tariff thanks

to which firmU obtainsm +¢/(14+A) > . Thus, firmU has an incentive to depart from its
no-regulationtariff by increasing the fixed part. Let now compute the optimal two-part tariff.

GivenTY, the regulator solves the following program

m?[g([SlJr?\plm—?\ﬂD ~ (140 (CP+TY)]
ar,

under the participation constraint of fifd T > 0 . Because leaving rents to fifnis costly,m® =
0. This yields the standard first order equation inducing an outcome gpted). The acceptance

condition is

S (a) +Apa(af) o — (1+A) [CP (a3) + Ho+ podi] = S1(0).
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Firm U maximizes its profit with respect fop andHp, subject to the acceptance condition and
the reaction of the regulator. For a givps, the acceptance condition defines an upper limit to the
value ofHg. As firmU'’s profit is strictly increasing ifdp, the constraint is binding at the equilibrium
and the objective function of firtd becomes

max1+—)\ [S; — S1(0) +Apia; — (1+A) (CP*+CY*)].

Except for the constarg; (0), this objective function i1+ A)~! times the objective function of
a regulator who would be surpervising the vertically integrated firm. Therefore, the optimal price is
Po = cV. The value oHy is given by the individual participation constraint which can be written in
the two following ways
Ho = 1“ [SWR—s,(0)] +FY
[p\qu\lnR cy (qu) cD (qu)] 4 Fl)\ [SiiR_ (0) — p\]/_qu\ilR} LY.

From the acceptance condition, the social welfare levg] {§) and the final outcome ig/R.

2.C.4 Proof of lemma2.3

Recalling sectior2.3.1, SWVR stands for the highest social welfare in a situation where both firms

are vertically integrated. By propositi@l, the rent of the upstream firm is

= SWR_g,(0)].

xS
By the envelope theorem,

dn on 1
dA N (142)2

Thus, the rent of firnJ is decreasing i.
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2.C.5 Proof of lemma2.4

Firm D’s profits benefit public funds. Att = 1, when firmD is not regulated, the objective

function @.11) to maximize has the following first order conditidfis

on*  dn dr®
oyt oywy-1 v Y
ohe ~ Yar X TV gX
_(1_yxv1| Y
(1-y)X L—v x},
on  dn drP
=y——XV 1+ (1—y) XY
300 ydIDO ( v)OIIOO
oV oV d om? omPd
=v{ + qﬂxy‘lﬂl v)[ + qﬂ
Opo 0q; dp Opo 0q; dpo
Lon* dgi .
_Q16H (po—c )dpzxy

whereg; is chosen, by definition, to maximizé’ for a givenpg. Second order conditions are

22M* dX
6H2 = —v(- y)dHo
dX mP+4m
dHy [T[D]2
n* oy A [deiyy 1] A%y
oz~ V(P—C ) dm | X" | Vg

(1+X)X¥2 <0,

>0,

Cﬁ y-1
dpox

=Y < 0.
Thus, solution2.13 exhibited pag&4is a maximum.

If firm D is regulated, first order equations are

an dnU dSwW
ot aoWe B
Mo BdH +(1-B) Y

dHo

= (1+N) (1-p)YPF1 [m—v},
- G

5[5 S‘E;]YB—

B

+ —==
Opo  0G: dpo

dd

B-1
)deY

48X andY are defined in sectioR.7.3 p. 74, the following way:X = ﬁr 0 andY = SV{,‘liglo(o).
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with the following second order conditions

021 dy

= B(1-B)——[1+(L+NY]YP2 <0,

g = PP g 1+ LYY <

dY  SW+(1+A)T1

dHo [SW? ’

62|:|_ uy d [dGip1 doh,,g-1 o901
o PR g g Ry g <o

Again, the solutionZ.14) proposed pagé5is a maximum.

Denote

A= {Si+Ap1tr— S (0) — (1+A) [CP +CY] quzqgi’

B={S— P11 —S1(0)}|g—qi
C= {S1+Ap1th—SL(0) — (L+2) [C°+CVT} [ _um-

Definitions ofg}R andq}' yield B < A < C.

If Bexits, using 2.13 and @.14), it must verify

(1-yA+yB=(1-B)C

which is equivalent to

Moreover, if* exists, it has to verify

which is equivalent to
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Definitions of A, B and C show, first, thatf3 (y) and B* (y) exist for every possiblg € [0, 1]
and, second, that they are strictly increasing witk (3(0) < 1 and 0< B(l) <1, B*(0) =0,
0<B*(1) <1,B(y)> B (y) andp' =B~ <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 fagtb#- A ), everything but the expression
of social welfare when firnD is unregulated stays equal. Thus, fiis profit does not change either
andp* (y) is still defined the same way and equaHd‘\E—By.

Then, one has to compare social welfare with regulation

VIR

SW—51(0) = (1-B) {St+Ap1ca—S(0) = (1+A) [C°+CVT |,

to social welfare without regulation, where fifdis profit is simply added in social as consumer

surplus, i.e.

SW—51(0) = {S1— Pacit}|g,—qi — S1(0) + (L —y) 1"
= (1-Y) {St+Ap1os — Si(0) — (1+4) [CP+CY}]

+y{S - F)l‘ql_sl(())}lql:q‘{i —A(1-vy) {plql_ [CD +CU} quzq‘{i ’

Definef& as firmU’s bargaining power required by the regulator to be indifferent between regulating

or not firmD, then it has to verify

A(l-y)
(1+A)

(1-y)A+yB— (A-B)=(1-PB)C

which is equivalent to
(1+)\)C—A—)\BJr A—B
(1+A)C 1+ac’

ﬁ(v) =

Thus, it is easily checked that for agyn [0, 1], E(y) > [~3(y) > B (y), E(l) = fﬁ(l) and[zi’ <P =
p* < 1.



108 CHAPITRE 2. REGULATION, ESSENTIAL FACILITY AND RENT EXTRACTION

Social welfare higher under... Firm U’s profit higher under...
v B B
l1r-------------- + l1r------------ +
x NO REGULATION ' & !
B(1) BY) REGULATION |
; B (1)1 B (Y)
B(0) | |
REGULATION | !
0 ' Y 0 NO REGULATION: Y
0 1 0

Figure 2.6: Thresholds for social welfare and fiths profit, when firmU’s unregulated profit do
not benefit public funds

The two casef = 1 and\ = 0 allows to verify that there is no contradiction in the computations.
Both cases end with the same expressionéfmndé. On the one hand, whgh= 1, firmU has all
the bargaining power with respect to filln Thus, this latter ends with no profits, which eliminates
the concern of how to account for them in social welfare. On the other hand, Aked, 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 becaug@sfiactual
profits have less value when they cannot benefit public funds. Thus, the regulator will content with

a lower bargaining power with respect to fittn i.e. a highei, to favor firmD’s regulation.

2.C.6 Proof of lemma2.9

Firm U contracts directly with firrD and faces the same kind of asymmetry of information as the
regulator. This means that firch can base its contract on the observation of the €Bsind the final
outputqs, as the regulator does. Fifthuses the revelation principle so that it can propose contracts
to firm D based on its true typgTY ,9,:€), (TU ,0y,€). Define the functiore(B, ) = e(B) + B — B.

This is the effort that can be deduced from the contract taken when eﬁt';qoannounced and the

real type is3.
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The objective function of firnJ is

s W] - [r -]

subject to the standard individual participation and incentive compatibility constraints

p1(G) &~ w(®) —C° (B.61.8) T = pa(ay)a, — w (e(B.B) ) —C° (B.g,.e) -1V, (O)
p1(g,) 9, ~W(e) —C° (B.a.€) ~TV = pu (@) oy — W (e(B.B) ) —C° (B.aw.e) - T, (1O)
p1(01) % —w(8)—C° (B.ay.e) ~ T~ =0, (R
P1 (91) g,—W(e-CP (E, 91,_) -7V >0. (IR)

The standard analysis applies and constriints always satisfied as soon HR andIC are
verified. ConstrainiC 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,

a,-C°(B.g,.e) ¥ (a;) ~w(e) - 9()
ENCGHC [ (@)t —C <|3,q1,é> —CY (@) - UJ(E)]

whereg(e) = Y (e) — Y (e— AB) represents the rent that gets the efficient type because it can always
mimic the inefficient type by announcifdjand exerting an eﬁorﬂe(@,ﬁ) =e—AB. Thanks to the
assumption o, the functiongpis such thatp. > 0 and@ee > 0. Following the standard analysis — as

in Laffont and Tirole (1993, pp. 57-59) — yields the usual system of first order conditions

[ pi(a) - q(Bql,) 4 (ay) + P (ay) 9y = 0.
e (€) +CD( s )
(

(2.24)
p1 (dy) — C2 (B, ) Y (0) + Pag (0) Oy =

be(8)+C2 (B.on, )+ﬁ<pe< § =0
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This yields the following solution{ <9‘f,g"i> , (O, &) } with tariffs

2

. (G‘f) q\{i _y (évi) _¢cP (E’q\l/ifvi) ,
1 (9\1/|) g\1/| . llJ (gvi) —CD (E’g\{i’g\/i> +(p(évi) )

- -

U

Y
Y

The constraintC has to be checked. When rewriting this constraint using the final tariffs, one

o(e(B.B)) ~o(e(BB)) <0

Because the solutio{n(g‘f,g"i> , (q‘l’i,é"i)} maximizes the constrained social welfare, it should ver-

gets

ify the revealed preferences

p,g,—-C°-C’ -y >pg —C°-C’ -y <6<E,I§>> ’
D =U
e

pi0;—C -C —w—ﬁc_pzmql—CD—Cu—w( (B,E))—ﬁ([)(e([_lﬁ))

Adding these two inequalities yields

(1+%> o(e(B.B))-o(e(BB))| =0

which checks the constraint.
Finally, the expected social welfare iS% (q') — p1 (qf') '] +ve(e"), firm D gets O if it is
of type andgp(e") if it is of type B. FirmU gets an expected profit of [&] — v (&”).

2.C.7 Proof of lemma2.10

The proof follows the same path as the one of proposifidn Given the two-part tariffV, the
regulator ends up by proposing a contré@; (po) ,€" (Po)), (T3 (Po) ,€" (po))} 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 equaBq0), is satisfied.



2.C. APPENDIX 111

The optimal strategy of firJ is given by the maximization of its profit with respectpg and

Ho, subject to the acceptance condition and the reaction of the regulator, i.e.

maxHo-+v [pod; ~ Y (g;)] + (1-v) ot~V ()]
subject to

v[S () +Aps(a) g5 —Ae(E) — (1+A) [W(e) +CP (B,g; &) +Ho+ pod |
+(1-v) [S1(6) +ApL (@) G — (1) [w(e) +CP (B,a5,&) +Ho+ poli|| > S1(0).

For a givenpy, this constraint defines an upper limit to the valuddgf Therefore, the constraint is

binding at the equilibrium and the objective function of fihbecomes, omitting the arguments

maxgy {v (St (g;) +Aps (0;) g —Me(e) = (1+4) [w(e) +CP (B.ap.e) + (g )]
(1) [S(@) + AP @)~ (1+1) [w(@) +C° (B &)+ (@)]| -5:(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 (9‘1’iR,e"‘R) and (YR &'R). As the marginal cost of firy is constant, settingo = ¢ induces
bothg; = g, & = e"Randg; =y, & = "R (same first order conditions, refer to sectibA. 1).

The informational rent is O for typ@ande (e"R) for type and the expected social welfareSg(0).
Finally, the value oHg is given by the individual participation constraint which, as in proposition

2.1, can be written in two different ways

Ho = 115 [svwiR—sl(O)} +FY

=E[n'R] + 25 E[S{R - S1(0) - p{FRaf] — 150 (") +FY.

The incentive constraint of the tygeis 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 firoh's current profit is higher than the one it gets without regula-

tion, i.e.
E [T[viR} 1+)\ [qu prqu] 1YA(p(éviR) >E [T[V'] —V(p(E‘Vi).
Define
?(q,e>= [Sl(Q) S1(0) — p1(a) 0] — 2% 0(e)
—v) [P@a-w(e)-C° (@) - (B.g.e)].
f(a,e) = m[ (@) —S1(0) — pr(9)q]
+v [P (@) a-w(e)-C° (@) - (B.ae)).

The function(1+ ) f is part of the program of a regulator that faces the vertically integrated firm,
and it is maximized fog = g}R ande=&"R. Therefore f (qfR &) > T (gy,e"). As0< {2 < 1,

one gets

T(af.e) = @—v)m (B) - 250(e) + 4 [Si (A)) — 1.(0) - pa () 0]
> (1—v)m (rs) —ve (e,

which is part of the profit that firmtJ gets without regulation. The same thing occurs with
i (q‘{'R,e"'R) > vl <E) and finally, the profit with regulationf < ViR eV'R) + T (qReR), is
strictly greater than the one without regulatiom’ (g) +(1-v)n" (B) —V(p(e"').

2.C.8 Proof of lemma2.5

Bothq; andeare computed simultaneously through first order equations: sy&téd,(pagel09, in
the absence of regulation yielajq‘f,e"‘) and systemZ4.17), page94, when the vertically integrated
firm is regulated givegqyR, eR).

For the computations dfj;,€), the only difference in these two systems of equations relies, for

the system inducing"R, in the factoro = 1“ in front of the p14qz in the equation for the quantity
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and in the same fraction in front ¥ @in the equation for the effort, i.e.

p1(d) —C§ (B0, €) —CY (G) + P1q(0) G = O,

We(8) +CP (B,01,8) + %5 (8) =0,
p1(ay) —C2 (B.91.8) —CY (@) + | 25| Pra(@) T = 0.
We(®)+CP (B.aw.e) + | 25| e (@) =0.

for gy, &"):
for (qy'R, &' R):

This coefficientr is equal to 1 in the case e¥' or, equivalently, vertical contracting mimics the limit
case wher& — +o. Thus, one can differentiate the “common” system of equations with respect
to this multiplicative parameter or A. Moreover, one can also wonder what is the influence of the
probability of the efficient typ® in driving the final outcomes. Let us note SQEhe second order
equation with respect tq; and SOG the second order equation with respecetolhen, omitting

the arguments, the differentiation yields

dog
de

where the numerator is positive to ensure global concavity of the maximization program.

SOG C(Iqje ( 1 >2 —P1gd
e, soG,
~ 506, 506 (C8)’

For the computations c(i_ql,g), v does not play a role and one finds
for (qY',€"): { -

iR AViR).
for (g7, €""): {

which gives

soG %, ] [pqu] o

dag | 1 ( 1 )2
de | SOG,.SOG— (CR)* \1+A Co, SOG, 0
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D
qu,

C o H qu < qw E‘V'R < év H \]I-IR ; ql gviR

Table 2.4: Influence of cost cross-derivatives on equilibrium outcomes

As ﬁ < 1, one needs to increasg or alternatively to increask, to move from solutions to
problem @.17) to solutions to problem2(24). Thus, the ranking of the efforts partly depends on the
sign of the cross derivativ@q. In the framework studied here, where itis equatth gis increasing
in a. This implies thae"R is higher tharg"' and the result on the rent follows by reminding that
@ is increasing in effort. Thus, as far as cross-derivatives are both negative, the efficiebtdirm
informational rents is higher when it is regulated. Other comparisons follow directly.

A point of interest is the influence of the probability of efficient fibnon 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

dv.

doy 1 A ( 1 )2 Coe
0

de | SOG.SOG-— (CR)*1+A SOy

Thus, asv increases, effort will decrease while quantity will also decreaﬁ%ﬁs negative and
increase otherwise. The more likely fifhis 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 otffjirthe difference in

informational rents of the efficient downstream firm is reduced.

2.C.9 Proof of lemma2.6

Please refer to proof of lemnial, pagel02
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2.C.10 Proof of lemma2.7

When firmU proposes itsio-regulationtariff TV (gu) = 1/ (6¥) + FY + ¢V as to the regulator and
when this latter accepts this tariff, its objective function becomesgmax q,[SW(0d1, 02, ...,0n)]
under the constraint that® (01) + 1V (0, ...,qn) > 0. Call (61,62, ...,6n) the solution associated
with this program. These output quantities correspond to the overall solution of the optimization
problem if the regulator indeed accefits. If the regulator rejects this sanig (q1), its objective
function turns to mag, ... q, (SW(0,0p,...,qn)] under the constraint thatV (d2,...,0qn) > 0. Call
(0,0p, ---,Gn) the output levels that solve this program.

Whenever the regulator accepts the tariff, it can still decide to produce final output in quantities
(94, G, ..., Gn) even if these quantities are repriori optimal. This would yield SWa}', @y, ..., Gn)
=S — pligy — S, (0) + SW(0,Gp, ..,Gn) as social welfare. The first term in the right hand side
of the equality is strictly positive, which implies that SMZfﬁz,...,an) > SW(0,0p,...,0n) and
the regulator accepts tm®-regulationtariff. Moreover, social welfare with optimal output levels in

Py

reaction to this specific tariff is such that @, G, ..., Gn) > SW(q‘f, G2, ....Gn) > SW(0, G, ..., Gn).

2.C.11 Proof of lemma2.8

Assume that good 2 is one of the goods not sold at monopoly price. Let ddfipeh) = SW({s,
02,6z, -..,Gn) — h. This function corresponds to the level of social welfare if, first, the upstream firm
proposes a tariff equal f6Y (g;) +hand, second, the regulator chooses output leyéts 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 dfat (2,0). By assumptionTY (q;) is accepted and such
that f (62,0) > SW(0,@p, ...,Gn). Moreover, as all quantitieg /> are kept constant, the only relation

betweerg, andh lies in the budget constraint at equilibrium
P10 —C° =TV —h+p2 () 2 —C (q2) + 5, [HG —C] = 0.

The implicit functions theorem applies g0 + p2 — Cé\'qz (qz) #0, i.e. if g2 # g5. As the only
possible case ig.™> o), then%i‘ﬁ (62) < 0 and the total differential of with respect tdh does exist

atgy = G and is negative.
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Thus, it is possible to find small enoughtar 0 such thaf (G,0) > f (g2, h) > SW(0,Gp, ..., Gn)
and (G, g2, Gs, -.., ) is a solution to the program of the regulator when it fat€gq;) +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 fira profit higher byh than the one
it gets withTY (qy).

The proof is identical if one of the good not sold at monopoly price was geeg,....n. Let
turn now to the case of good 1. The existence condition becqmgs)1) o1 + p1(d1) —C(g’l (01)
— po # 0, i.e.qy # qf for the givenpg. If po = ¢V, the condition becomes; # q‘l’i 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 lerBr@@ the context of firmlJ being
added in social welfare. Assume that prices computed by the regulator in reaction to the tariff
(Hg, p;;) proposed by firmJ if it was a foreign undertaking correspond to the second possibility
described in systen2(22. As is always the case at equilibrium, the budget constraint must be
binding. When it takes firnJ into account in social welfare, the regulator faces exactly the same
budget constraint, which embodies only regulated fibrendN'’s profits. SystemZ.21), page99,
describes how outputs are set. Thus, following the line of ler2r@awo cases are to be considered.
First, one good not priced at monopoly level is different from good 1, say good 2. Let défjnd)

= SW (q*l‘,qz,qg, ...,q;f,) — 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. Kee@i@g:onstant and changiny
implies a change ogp, through the budget constraint, akdhrough the first order condition relative

to . Thus, wherhincreases, unlegsqd. + p2 —Cg‘qz (a2) =0, i.e. ifgz = g3, the differential ofy

with respect tdh does exist atl, = g 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 incredses ifeasible. It decreases

social welfare but ih is small, the acceptance condition is not broken and firenprofit increases.
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