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Abstract
We examine the problem of how to design the jurisdiction of a

regulatory authority, when there are two interdependent monopolistic
markets for substitutable goods and the regulator can be (in part)
captured by the industry. Our analysis shows that under complete
information two di¤erent agencies - each regulating a single market -
charge lower prices than a unique regulator, making consumers better
o¤. However, this leads to excessively high costs for taxpayers who
�nance subsidies to �rms, and thus regulatory centralization turns out
to be social welfare improving. Under asymmetric cost information
we show that when the e¢ ciency of lobbying activity carried out by
�rms is su¢ ciently high a trade-o¤ emerges in equilibrium between
substitutability and lobbying e¤ects, and decentralizing the regulatory
structure can increase social welfare.
Keywords: asymmetric information, centralization, decentraliza-

tion, lobbying, substitutability.
JEL classi�cation: D82, L51.

1. Introduction

Several theoretical contributions to regulation literature have focused on
the pattern of government intervention in a single-product market, whose
features hinder unfettered competition between �rms. Those studies which
have actually considered the regulation of multiproduct industries have been
mostly concerned with the problem of determining which �rms will supply
which products.1
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1Armstrong and Sappington [1] provide an overview of the most important recent
contributions to the theory of regulation.
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In this paper we shift our attention from the industry structure to the
regulatory structure and deal with the problem of how to design the juris-
diction of a regulatory authority when there are two di¤erent but related
markets. Our focus is not on the number of �rms, but on the number of
regulators.

Indeed, the issue of the separation of powers in regulation has been
examined in the theory of government organization. Among others, La¤ont
and Martimort [5] argue that splitting regulatory rights between di¤erent
agencies may act as a device against the threat of regulatory capture. On the
other hand, integration could improve e¢ ciency by allowing coordination of
regulators.

The aim of this paper is to investigate how the choice between a unique
regulator - regime we de�ne as centralization - and two di¤erent agencies -
regime labelled as decentralization - may a¤ect the regulatory outcome and
thus the welfare of the agents envolved when there are two �rms monopo-
list in two interdependent markets which can engage in regulatory capture
activities.

We believe that this is an important issue to explore. Regulation is
a widespread phenomenon, concerning several sectors which are very often
closely related. The interdependence between markets typically occurs when
products are substitutable, such as, for instance, railroad and motorway ser-
vices or, to some extent, natural gas and electricity.

We assume that a benevolent political principal (Congress), which max-
imizes the sum of consumer surplus and taxpayer welfare,2 can delegate
the regulation of two interdependent markets either to a unique regulator
or two di¤erent agencies. The two regulatory structures di¤er both in the
number of regulated markets (or �rms) and in the weight they may attach
to the pro�ts of the �rm(s) they regulate. This distortion with respect to
Congress�s mandate re�ects possibly di¤erent degrees of regulatory capture
by the industry which depend on the lobbying activity carried out by �rms.
In�uence typically takes place through indirect means which can show dif-
ferent levels of e¢ ciency, like expensive lunches or the promise of lucrative

2Baron [2] shows that if there is a strong electoral connection between the bene�ts de-
livered to constituents and their electoral support, the legislature will choose a regulatory
mandate that favors consumer over producer interests and results in regulation that does
not maximize expected total surplus. In our model, we assume that Congress does not in-
ternalize �rms�pro�ts and thus only cares about consumer and taxpayer welfare. Indeed,
Neven and Röller [7] suggest that when competition authority o¢ cials are exposed to the
lobbying of �rms that can o¤er them personal rewards a consumer welfare standard might
counterbalance the bias resulting from such lobbying.
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jobs in the private sector (the revolving door phenomenon).
Our model predicts that under complete information - i.e. when the reg-

ulator is omniscient - decentralizing the regulation for substitutable goods
yields higher quantities than under centralization, making consumers better
o¤. We show that positive price externalities occur under regulatory decen-
tralization. However, this leads to excessively high costs for taxpayers who
�nance subsidies to �rms and thus regulatory centralization is social welfare
improving.

As �rms have priviledged information of their costs, we show that if
they can coordinate their in�uence activities over a unique regulator in an
e¢ cient way a trade-o¤ emerges in equilibrium between substitutability and
the lobbying e¤ects, and decentralizing the regulatory structure may increase
social welfare.

The plan of the paper is as follows. Section 2 presents the basic structures
of the model. In Section 3 we compute the complete-information pricing
policies under regulatory decentralization and centralization, respectively.
Moreover, we study the impact of the regulatory outcome on the welfare of
the agents envolved. In Section 4 we derive the regulatory outcome under
both regimes in the case of asymmetric cost information and make welfare
comparisons in order to derive policy suggestions. Finally, Section 6 is de-
voted to some �nal remarks.

2. The basic model

We consider two symmetric markets for substitutable goods. Following
Singh and Vives [8], the consumer gross utility from the marketplace is
represented by a quadratic utility function of the form

U (q1; q2) = �q1 + �q2 �
1

2

�
�q21 + 2
q1q2 + �q

2
2

�
, (1)

where qi denotes the quantity for good i = 1; 2 and �, � are positive pa-
rameters; 
 2 [0; �) expresses the degree of substitutability between goods.3

The consumer surplus net of expenditures on goods is given by

CS (q1; q2) = U (q1; q2)� p1q1 � p2q2. (2)

3All these assumptions ensure that U (:) is strictly concave and guarantee the positivity
of direct demand functions q1 (:) and q2 (:) not derived here.
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The inverse demand function pi (qi; qj) for good i is thus4

pi (qi; qj) = �� �qi � 
qj . (3)

The markets are run by monopolies. The pro�t of �rm i is

�i (qi; qj) = pi (qi; qj) � qi + Si � Ci (qi) , (4)

where Si is the subsidy which may accrue to �rm i via the regulatory
process (see below). The total cost of �rm i is assumed to be

Ci (qi) = cqi + ki, (5)

where c 2 (0; �) is the marginal cost (equal for both �rms) and ki > 0 is
�rm i�s �xed cost of production.

The regulatory mandate is the sum of the surplus that consumers get
from the marketplace and the welfare of taxpayers who �nance subsidies to
�rms. Moreover, we assume that the two regulatory structures may give
di¤erent weights to pro�ts, according to the distortion to �rms�interests.

3. Optimally regulated prices under complete in-
formation

In each market the regulatory agency has two instruments, i.e. quantity and
subsidy to the �rm.

Under complete information the timing of the regulatory game is the
following.

(I) A benevolent Congress decides to delegate regulation of two interde-
pendent markets either to a unique agency or two di¤erent authorities.

(II) Firms engage in a lobbying activity to induce the regulator(s) to
internalize (at least in part) their pro�ts in the objective function.

(III) Firm i receives a take-it-or-leave-it o¤er of a regulatory policyMi =
fqi; Sig.

(IV) Each �rm can either accept or reject the o¤er. If it refuses the
proposed policy, the �rm does not produce and earns zero pro�ts.

(V) Contracts are executed and regulatory policies are implemented.

4Vives [9, Ch. 6] shows analytically that, under some basic conditions, if two goods are
gross substitutes, which means @Di(p)

@pj
� 0, i 6= j, where Di (p) = qi is the direct demand

for good i and p is the price vector, then we have @Pi(q)
@qj

� 0, i 6= j, where Pi (q) = pi is
the inverse demand for good i and q is the quantity vector.
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The two alternatives we consider di¤er in the number of markets (or
�rms) the regulator is responsible for and the value assigned to pro�ts. Let
us analyze them in sequence.

3.1. Pricing policy under decentralization

Let us now consider the �rst regulatory setting, namely one where two dif-
ferent agencies coexist and each of them only cares about regulating one
�rm. We label this environment as decentralization.

This regulatory model can be interpreted as a two-stage game. At the
�rst stage, a lobbying activity occurs which determines the degree of regu-
latory internalization of pro�ts. At the second stage, the regulator chooses
the policy which maximizes its objective function. Let us solve this game
by backward induction.

At the second stage, a decentralized regulator for �rm i sets the quantity
qi and the subsidy Si, in order to maximize the sum of consumer surplus,
taxpayer welfare, and the pro�ts of the regulated �rm weighted by a given
parameter 'Di 2 [0; 1] determined at the previous stage, which represents
the value the regulator assigns to each dollar of �rm i�s rent. Using (1), the
regulator�s objective is the following

max
qi;Si

�qi + �qj �
1

2

�
�q2i + 2
qiqj + �q

2
j

�
� pi (qi; qj) � qi+

�pj (qi; qj) � qj � Si � Sj + 'Di �i, (6)

s:t:

�i � 0, (PCi)

where the participation constraint (PCi) states that �rm i is willing
to produce only if it receives from the regulatory mechanism at least its
reservation pro�t (normalized to zero). In Appendix A we show the solution
to the problem in (6).

The regulated quantity for each good under regulatory decentralization
with complete information is given by

qD =
�� c
�

. (7)

It appears from (7) that substitutability between goods does not a¤ect
the quantities set by two di¤erent regulators in equilibrium.
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Replacing (7) into (3) yields the complete-information pricing policy.
This result is emphasized in the following Lemma.

Lemma 1 Under complete information, decentralizing the regulation for
substitutable goods yields a price equal to

pD = c� z (�� c) , (8)

where z � 

� 2 [0; 1).

Notice from (8) that as markets are independent (z = 0) we �nd the
standard marginal cost pricing.

Taking the derivative of (8) with respect to z yields

@pD

@z
= � (�� c) < 0,

as c 2 (0; �). Higher substitutability between goods reduces prices in
equilibrium even below costs. We will examine this result when we compare
consumer surplus under the two regulatory regimes (Subsection 3.3.1).

At the �rst stage, each �rm engages in a lobbying activity, which deter-
mines the weight the regulator is willing to attach to pro�ts. We assume
that this weight depends the amount of expenditure incurred to in�uence
the agency, which is �nanced through pro�ts that the �rm anticipates to
receive. In other words, the regulatory concern 'Di with rents of �rm i is
the outcome of the following maximization problem

max
'Di

�Di
�
'Di
�
� v

�
'Di
�
, (9)

where v (:) � 0 (with v (0) = 0) is the cost of the lobbying activity
incurred by the �rm, which is assumed to be (weakly) incresing and convex
in 'Di (v

0 � 0, v
00
> 0). Since from Appendix A we know that �Di = 0, it

is immediate to see that 'D
�

1 = 'D
�

2 = 0 in equilibrium. In other words, no
�rm has incentive to lobby the regulator, since it anticipates that it will get
zero pro�ts anyway.

3.2. Pricing policy under centralization

The alternative regulatory environment we consider is one where a single
agency is given the responsibility for both markets. We label this environ-
ment as centralization.
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At the second stage, quantities q1 and q2 and subsidies S1 and S2 are
determined in order to maximize the sum of consumer surplus, taxpayer
welfare, and the pro�ts of the two regulated �rms weighted by a given pa-
rameter 'C 2 [0; 1] determined at the previous stage, which captures the
value the regulator gives to each dollar of rent. Using (1), the regulator�s
program is the following

max
q1;q2;S1;S2

�q1 + �q2 �
1

2

�
�q21 + 2
q1 � q2 + �q22

�
+

�p1 (q1; q2) � q1 � p2 (q1; q2) � q2 � S1 � S2 + 'C (�1 + �2) (10)

s:t: (PC1), (PC2).

Appendix B shows the solution to the problem in (10).
The regulated quantity for each good determined by a centralized agency

under complete information is given by

qC =
�� c
� (1 + z)

. (11)

We can see from (11) that substitutability reduces the equilibrium out-
put. A unique regulator �nds it optimal to curb production of substitutes,
since consumers can easily "move" from one market to the other.

Let us now derive the complete-information pricing policy under regula-
tory centralization. This is done in the following Lemma.

Lemma 2 Under complete information, centralizing the regulation of mar-
kets for substitutable goods yields a price equal to

pC = c: (12)

Observe from (12) that price charged by a single regulator equals mar-
ginal costs, independently of substitutability between goods.

As under decentralization, at the �rst stage lobbying occurs which yields
the weight given to pro�ts in the regulatory objective function. Unlike the
other regime, we assume that the two �rms can coordinate their in�uence
activities, since they are subject to the same regulator. Hence, the regula-
tory concern 'C with pro�ts of both �rms is the outcome of the following
maximization problem

max
'C
2�Ci

�
'C
�
� (1 + �) v

�
'C
�
, (13)
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where � 2 [0; 1] is a parameter which captures the degree of e¢ ciency of
the lobbying activity. The idea is that the expendure incurred by two �rms
which make pressure on the regulator to jointly represent their interests may
less than double with respect to the cost incurred if they acted separately
(assumed to be equal to that under decentralization). At the limit, when
� = 0 lobbying activity is so e¢ cient that the two �rms spend an amount
of money as if they were a single �rm. On the other hand, if � = 1 jointly
in�uencing a unique regulator costs twice as much as separately, and there
is no gain in the coordination of lobbying activities.

Since we know from Appendix B that �Ci = 0, even under centralization
lobbying activity is not pro�table in case of complete information and 'C

�
=

0.

3.3. Welfare comparisons

We now compare the welfare of each agent a¤ected by the regulatory out-
come under the two regimes and derive some policy suggestions.

3.3.1. Consumer surplus

Substituting (11) and (7) into (1) we �nd after some manipulations the
di¤erence in consumer surplus between decentralization and centralization.
This is given by

�CS � CSD � CSC = z 2 + z

� (1 + z)
(�� c)2 . (14)

Substitutability between goods (z > 0) implies that expression (14) is
strictly positive. Indeed, taking the di¤erence between prices in (8) and (12)
immediately yields

�p � pD � pC = �z (�� c) � 0. (15)

We know from (12) that prices under centralization are not a¤ected by
substitution. On the contrary, (8) shows that an increase in "competition"
between markets - as consumers can easier switch from one good to the other
- leads two separate agencies to charge prices even lower than marginal costs.
Therefore, under regulatory decentralization substitutability between goods
yields positive price externalities which are consumer welfare improving.

We summarize this result in the following Lemma.

Lemma 3 Under complete information, decentralizing the regulation of mar-
kets for substitutable goods (z > 0) makes consumers strictly better o¤.
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3.3.2. Taxpayer welfare

We now compute the amount of subsidies the �rms receive. Substituting
(7) and (11) into (4), we obtain after some manipulations the di¤erence in
subsidies given to each �rm between the two regulatory regimes

�S � SD � SC = z 1 + z

� (1 + z)
(�� c)2 . (16)

Notice from (16) that the higher production under decentralization re-
quires a greater subsidization which reduces taxpayer welfare.

This result is emphasized in the following Lemma.

Lemma 4 Under complete information, centralized regulation for substi-
tutable goods (z > 0) curbs the amount of subsidies and makes taxpayers
strictly better o¤.

3.3.4. Social welfare

As Congress maximizes the sum of consumer surplus and taxpayer welfare,
the di¤erence in social welfare between the two regimes can be de�ned as

�W � �CS � 2�S. (17)

Substituting (14) and (16) into (17) we get after some manipulations

�W = � z2

� (1 + z)
(�� c)2 . (18)

Notice from (18) that substitutability between goods leads to higher
social welfare under centralization. This means that the excess subsidy given
under decentralization entails a welfare loss which more than compensates
the higher consumer surplus.

In a sense, this is the result one would have expected. Under complete
information, centralizing decisions when markets are interdependent yields
a better outcome from a social welfare point of view. However, what we con-
sider striking is that the aggregate result conceals a relevant distributional
issue: consumers would be better o¤ with decentralization, but this would
happen at an excessively large cost for taxpayers.

We summarize this result in the following Lemma.

Lemma 5 Under complete information, substitutability between goods (z >
0) implies that regulatory centralization improves social welfare.
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4. Optimally regulated prices under asymmetric
information

Let us now assume that each �rm has private information about its mar-
ginal cost c. The regulator has only imperfect prior knowledge about c,
represented by a density function f (c), which is assumed to be continuous
and positive on the domain [c�; c+]. The corresponding cumulative distrib-
ution function is given by F (c) =

R c
c�f (ec) dec 2 [0; 1].

Under asymmetric information the timing of the regulatory game is the
following.

(I) Nature draws a (unique) type c for the two �rms, according to the
density function f (c).

(II) Firms learn their type.
(III) Firms engage in a lobbying activity to induce the regulator(s) to

internalize (at least in part) their pro�ts in the objective function.
(IV) Each �rm receives a take-it-or-leave-it o¤er of a direct incentive

compatible mechanism Mi = fqi (bci) ; Si (bci)g where the output qi (:) and
the subsidy Si (:) targeted to �rm i are contingent on its own report bci 2
[c�; c+].5 Each �rm is induced to reveal honestly its private information, so
that in equilibrium we have bci = c.6

(V) Each �rm can either accept or reject the o¤er. If it refuses the
proposed policy, the �rm does not produce and earns zero pro�ts.

(VI) Contracts are executed and regulatory policies are implemented.
As shown in Appendix C, a local necessary condition for incentive com-

patibility, which is also globally su¢ cient if qi (:) is non-increasing in c, is
given by the following expression

�i (c) = �i
�
c+
�
+

c+Z
c

@Ci (ec; :)
@ec dec. (ICCi)

5This assumption seems to be natural under decentralization, since we expect that a
regulator is not allowed to ask the type of the �rm outside its jurisdiction. In principle,
a unique regulator could exploit the reports of both �rms and implement a mechanism
of punishments when declarations are inconsistent. However, we suppose that there are
administrative requirements that prevent to divulge the information commanded from
each �rm.

6The revelation principle ensures that, without any loss of generality, the regulator
may be restricted to direct incentive compatible policies, which require the �rm to report
its cost parameter and which give the �rm no incentive to lie. For an application of the
revelation principle to regulation, see the seminal paper of Baron and Myerson [4].
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This condition states that the pro�t �i (c) of �rm i must be equal to
the expected pro�t �i (c+) of the most ine¢ cient �rm plus an informational
rent (captured by the integral) which represents the reward to the �rm for
revealing truthfully its private information.

4.1. Pricing policy under decentralization

As under complete information, the regulatory model is interpreted as a
two-stage game, which can be solved backwards.

Using (1), at the second stage the maximization problem of a decentral-
ized regulator under asymmetric information is the following

max
qi(c);Si(c)

c+Z
c�

�
�qi (c) + �qj (c)�

1

2

�
�q2i (c) + 2
qi (c) qj (c) + �q

2
j (c)

�
+

�pi (qi (c) ; qj (c)) � qi (c)� pj (qi (c) ; qj (c)) � qj (c)+

�Si (c)� Sj (c) + 'Di �i
�
f (c) dc, (19)

s:t:

�i (c) � 0 (PCi)

�i (c) = �i
�
c+
�
+

c+Z
c

qi (ec) dec, (ICCi)

where the incentive compatibility constraint (ICCi) of �rm i is derived
for the cost speci�cation in (5). Appendix D shows the solution to the
problem in (19).

The quantity for each good under regulatory decentralization with asym-
metric information is given by

qD
�
'Di
�
=
1

�

�
�� c�

�
1� 'Di

�
H
�
, (20)
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where H � F (c)
f(c) � 0 is the hazard rate.

7 As under complete information
substitutability between goods does not a¤ect the quantities set by two
di¤erent regulators.

Replacing (20) into (3) yields the asymmetric-information pricing policy.
This result is emphasized in the following Lemma.

Lemma 6 Under asymmetric cost information, decentralizing the regula-
tion for substitutable goods yields a price equal to

pD
�
'Di
�
= c� z (�� c) + (1 + z)

�
1� 'Di

�
H. (21)

If markets are independent (z = 0) we �nd the standard price distortion
above marginal costs due to asymmetric information.

Moreover, observe from (21) that

@pD

@z
= �

�
�� c�

�
1� 'Di

�
H
�
< 0,

as qD > 0. As under complete information, a higher substitutability
between goods reduces prices in equilibrium.

At the �rst stage, after substituting the equilibrium pro�t from (ICCi),
as determined by (20), into (9) we can derive the weight given by each agency
to pro�ts of the regulated �rm. This arises from the following maximization

max
'Di

c+Z
c

1

�

�
�� ec� �1� 'Di �H (ec)� dec� v �'Ci � . (22)

The equilibrium value for 'Di must satisfy the following �rst-order con-
dition

v
0 �
'D
�
=
1

�

c+Z
c

H (ec) dec, (23)

where 'D � 'Di , i = 1; 2. As v
00
> 0, the weight attached to pro�ts is

decreasing in the marginal costs of production. A high-cost �rm can incur
less expenditure to lobby the regulator, as it anticipates lower pro�ts.

7The hazard rate H is supposed to be increasing in c. This monotonicity property,
which is met by the most usual distributions, may be interpreted as a decrease in the
conditional probability that there are further cost reductions, given that there has already
been a cost marginal reduction, as the �rm becomes more e¢ cient. La¤ont and Tirole [6,
Ch. 1] o¤er a decsription of this "decreasing return" assumption.
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4.2. Pricing policy under centralization

The maximization program of a unique regulator under asymmetric infor-
mation is the following

max
q1(c);q2(c);S1(c);S2(c)

c+Z
c�

[�q1 (c) + �q2 (c)+

�1
2

�
�q21 (c) + 2
q1 (c) � q2 (c) + �q22 (c)

�
+

�p1 (q1 (c) ; q2 (c)) � q1 (c)� p2 (q1 (c) ; q2 (c)) � q2 (c)]+

�S1 (c)� S2 (c) + 'C (�1 + �2)
�
f (c) dc (24)

s:t: (PC1), (PC2), (ICC1), (ICC2).

Appendix E shows the solution to the problem in (24).
The quantity for each good determined by a centralized agency under

asymmetric information is given by

qC
�
'C
�
=

1

� (1 + z)

�
�� c�

�
1� 'C

�
H
�
. (25)

We can see from (25) that as under complete information substitutability
between goods reduces the equilibrium output.

Let us now derive the asymmetric-information pricing policy under reg-
ulatory centralization. This is done in the following Lemma.

Lemma 7 Under asymmetric information, centralizing the regulation for
substitutable goods yields a price equal to

pC
�
'C
�
= c+

�
1� 'C

�
H. (26)

Notice from (26) that price charged by a single regulator is distorted
above marginal costs due to asymmetric information, independently of sub-
stitutability between goods.

At the �rst stage, after substituting equilibrium pro�ts from (ICC1) and
(ICC2), as determined by (25), into (13) we can derive the the weight given
to pro�ts of both �rms by a unique regulator. This arises from the following
maximization
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max
'C
2

c+Z
c

1

� (1 + z)

�
�� ec� �1� 'C�H (ec)� dec� (1� �) v �'C� . (27)

The equilibrium value for 'C must satisfy the following �rst-order con-
dition

v
0 �
'C
�
=

2

� (1 + z) (1 + �)

c+Z
c

H (ec) dec. (28)

As v
00
> 0, as under decentralization the weight attached to pro�ts is

decreasing in the marginal costs of production. A high-cost �rm can incur
less expenditure to lobby the regulator, as it anticipates lower pro�ts.

4.3. Welfare comparisons

Following the same procedure as in the case of complete information, we
compare the welfare of each agent under the two regimes and derive some
policy suggestions.

4.3.1. Consumer surplus

For the sake of convenience, we rewrite the equilibrium value for qC in (25)
as

qC =
1

� (1 + z)

�
�� c�

�
1� 'D

�
H
�
+

1

� (1 + z)
�'H, (29)

where �' � 'C � 'D captures the di¤erence in the equilibrium values
attached to pro�ts under decentralization and centralization. When �' > 0
we say that a single regulator is more distorted to �rms�interests than two
di¤erent regulators. Using (23) and (28) this is the case if and only if

(1 + z) (1 + �) < 2. (30)

Notice from (30) that substitutability between goods and the e¢ ciency
of lobbying activity have countervailing e¤ects on �'. The more substitutes
are the goods (z goes up), the harder condition (30) is met, and we may
�nd 'D > 'C in equilibrium. The rationale is that pro�ts under centraliza-
tion become lower (see Subsection 4.3.2) and then �rms are less willing to
in�uence a unique regulator.
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On the contrary, an increase in the e¢ ciency of lobbying activity (�
goes down) relaxes condition (30) and 'C > 'D is more likely to occur in
equilibrium. At the limit, when � = 0, condition (30) is always satis�ed.
The two �rms which lobby together the unique regulator bene�t by gains
from coordination and can obtain a higher representation of their interests.

Substituting (29) and (20) into (1) we �nd after some manipulations the
di¤erence (in expected terms) in consumer surplus between decentralization
and centralization. This is given by

�E
�
CS
�
� E

h
CS

D � CSC
i
=

c+Z
c�

�
z
2 + z

� (1 + z)
�2+

��' (z; �)
� (1 + z)

H
�
2 (�� c)�H

�
2� 'C � 'D

���
f (c) dc, (31)

where � � � � c �
�
1� 'D

�
H > 0 as qD > 0. The sign of (31) is

now driven by two major components, the substitutability between goods
(captured by z), which operates even under complete information, and the
lobbying e¢ ciency (represented by �), which plays a role only in case of
asymmetric information. Let us analyze them in sequence.

First of all, notice from (31) and (14) that if the two regulatory structures
give the same weight to pro�ts in equilibrium (�' = 0), we �nd the same
(expected) di¤erence in consumer surplus, and then substitutability between
goods yields higher (expected) consumer welfare under decentralization, as
in the case of complete information.

For a given level of substitutability an ine¢ cient lobbying activity (�
high) reduces the �rms�engagement in the regulatory capture under cen-
tralization, and so condition (30) may not hold (�' < 0). In this case,
consumers are even better o¤ under decentralization as in the complete-
information setting.8 Two di¤erent agencies are induced to raise production
in order to distribute higher informational rents - which increase in output
from (ICCi) - and thus improve also consumer welfare. This result is even
more pronounced with a high level of substitutability between goods since,
as we will have seen above, �rms are worse o¤ under centralization and then
they are less willing to lobby.

However, when �rms bene�t from coordinating their in�uence activities
- i.e. lobbying is e¢ cient - we can see from (30) that a centralized regulatory

8The last term in square brackets is positive as long as there is production under both
regimes.
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structure can be more pro�t-oriented than two di¤erent agencies (�' > 0).
The substitutability and lobbying e¤ects push in opposite directions and
consumer preference for either regime depend on the weight of the two forces
at issue.

We summarize this result in the following Proposition.

Proposition 8 Under asymmetric information, when lobbying is ine¢ cient
(� high) two di¤erent regulators attach at least the same weight to pro�ts
as a single agency (�' � 0) and decentralized regulation for substitutable
goods makes consumers better o¤. When lobbying is e¢ cient (� low), a
single agency can be more concerned with �rms� interests (�' > 0) and a
trade-o¤ emerges in equilibrium between substitutability and lobbying e¤ects,
so centralizing the regulatory structure may increase consumer surplus.

4.3.2. Firms�pro�ts

Replacing (20) and (29) into (ICC), we �nd the di¤erence in (expected)
pro�ts for each �rm between the two regulatory regimes, which is given by

�E [�] � E
�
�D � �C

�
=

c+Z
c�

c+Z
c

�
z

� (1 + z)
�� �' (z; �)

� (1 + z)
H

�
decf (c) dc =

=

c+Z
c�

H

�
z

� (1 + z)
�� �' (z; �)

� (1 + z)
H

�
f (c) dc, (32)

where the second equality is derived through the integration by parts.
Notice from (32) that the two e¤ects analyzed before play the same role as
for consumer surplus. When the two regulatory structures give the same
weight to pro�ts in equilibrium (�' = 0), substitutability between goods
implies higher quantities under decentralization, which bene�t not only con-
sumers but also �rms which receive greater informational rents. This result
is stronger if lobbying is ine¢ cient as two di¤erent regulators are more pro�t-
oriented (�' < 0). However, as �rms can e¢ ciently coordinate their pres-
sure on a single agency the latter can be more distorted to �rm�s interests
(�' > 0), and a trade-o¤ emerges in equilibrium.

We write this result as a Lemma of Proposition 8.

Lemma 9 Under asymmetric information, when lobbying is ine¢ cient (�
high) two di¤erent regulators attach at least the same weight to pro�ts as
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a unique agency (�' � 0) and decentralizing the regulation of markets for
substitutable goods increases �rms� pro�ts. When lobbying is e¢ cient (�
low) a unique agency is more concerned with �rms� interests (�' > 0),
and a trade-o¤ emerges in equilibrium between substitutability and lobbying
e¤ects, so centralization may raise �rms�pro�ts.

4.3.3. Taxpayer welfare

We compute now the amount of subsidies the �rms receive. Substituting (20)
and (29) into (4), as speci�ed by (ICC), we obtain after some manipulations
the di¤erence in (expected) subsidies between the two regulatory regimes

�E
�
S
�
� E

h
S
D � SC

i
=

c+Z
c�

�
z

� (1 + z)
[� (�� c) (1 + z)+

�H
�
1 + z � 'D (2 + z)

��
� �' (z; �)
� (1 + z)

H
�
�� c�

�
1� 'C � 'D

�
H
��
f (c) dc.

(33)
When the two regulatory structures have the same concern with �rms�

pro�ts (�' = 0), the substitutability e¤ect prevails and the higher pro-
duction under decentralization requires a greater subsidization which harms
taxpayers.

This e¤ect is exacerbated if two di¤erent agencies are more pro�t-oriented
(�' < 0), as they are induced to increase the amount of subsidies given to
�rms.9

On the contrary, substitutability e¤ect is counterbalanced by lobbying
e¤ect when a unique regulator is more distorted to �rms�interests (�' > 0)
and then it is willing to raise transfers.10

This result is emphasized in the following Proposition.

Proposition 10 Under asymmetric information, when lobbying is ine¢ -
cient (� high) two di¤erent regulators attach at least the same weight to
pro�ts as a unique agency (�' � 0) and centralized regulation for substi-
tutable goods curbs the amount of subsidies, making taxpayers better o¤.
When lobbying is e¢ cient (� low) a unique agency is more concerned with

9Notice that the �rst expression in square brackets in (33) is positive as long as there
is production under decentralization.
10Notice that the second expression in square brackets in (33) is positive as long as there

is production under both regimes.
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�rms�interests (�' > 0) and a trade-o¤ emerges in equilibrium between sub-
stitutability and lobbying e¤ects, so decentralization may improve taxpayer
welfare.

4.3.4. Social welfare

As Congress maximizes the sum of consumer surplus and taxpayer welfare,
the expected di¤erence in social welfare between the two regimes can be
de�ned as

�E
�
W
�
= �E

�
CS
�
� 2�E

�
S
�
. (34)

Substituting (31) and (33) into (34) we get after some manipulations

�E
�
W
�
=

c+Z
c�

�
� z2

� (1 + z)

�
�+

2

z
'DH

�
+
�' (z; �)

� (1 + z)

�
'C + 'D

�
H2

�
f (c) dc.

(35)
Notice from (34) that the preference for centralized regulation found

under complete information is even more pronounced when lobbying is inef-
�cient and two di¤erent regulators are more pro�t-oriented (�' < 0). The
idea is that they are induced to give higher transfers to �rms to increase
their informational rents which are wasteful from a social welfare point of
view.

However, this clear-cut result no longer holds when a single regulator
is more distorted to �rms� interests (�' > 0), as a result of the e¢ cient
coordination of lobbying activities by the two �rms. If Congress thinks that
a centralized structure can be more susceptible to capture by industry, the
choice between the two regulatory regimes implies a trade-o¤ whose sign
depends on the relative weight of the two forces at work.

We summarize this result in the following Proposition.

Proposition 11 Under asymmetric information, when lobbying is ine¢ -
cient (� high) two di¤erent regulators attach at least the same weight to
pro�t as a unique agency (�' � 0) and substitutability between goods im-
plies that regulatory centralization improves expected social welfare. If lobby-
ing is e¢ cient (� low) a unique agency is more distorted to �rm�s interests
(�' > 0) and a trade-o¤ emerges in equilibrium between substitutability and
lobbying e¤ects, so decentralized regulation may be social welfare enhancing.
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5. Concluding remarks

In this paper, we have tackled the problem of how to design the jurisdiction
of a regulatory authority when two markets have interdependent demands
and there is the threat of regulatory capture. This is an issue which, despite
its theoretical and empirical importance, has been by and large ignored in
the literature.

Our analysis has shown that under complete information regulatory cen-
tralization is the best solution in terms of social welfare. This very intuitive
result covers a distributional aspect of great interest. Indeed, regulatory de-
centralization favours consumers. Two di¤erent agencies, each regulating a
single market, set lower prices than a single authority and the higher quan-
tities produced in equilibrium increase consumer welfare. We have argued
that positive price externalities arise from the decentralized regulation of
markets for substitutable goods.

However, these results are tempered under asymmetric cost information
when a unique regulator is more distorted to �rms�interests than two sep-
arate agencies as a result of lobbying activities carried out by �rms. In this
case, a trade-o¤ emerges in equilibrium between substitutability and lobby-
ing e¤ects, and decentralizing the regulatory structure can be social welfare
enhancing.

We believe that much scope exists for future research in this �eld and our
model can be enriched in a variety of directions. We would like to mention
two aspects which are left for future development.

First of all, markets may be also interconnected on the cost side. This
occurs when one good enters into the production process of the other. Ex-
amples of this kind are given by gas and water, which both a¤ect the �nal
cost of electricity.

The second idea concerns the informational framework examined in the
paper. While asymmetric cost information is certainly relevant, limited
regulatory knowledge about market demands would be equally interesting
to consider, especially when demands are interdependent.

We believe that a greater e¤ort in these directions might shed some light
on many other important issues.

Appendix A

After replacing the choice variable Si with �i from (4), the regulator�s opti-
mization problem in (6) may be written as follows
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max
qi;�i

�qi + �qj �
1

2

�
�q2i + 2
qiqj + �q

2
j

�
+

�pj (qi; qj) � qj � Ci (qi)� Sj �
�
1� 'D

�
�i (36)

s:t: (PCi).

Since (36) is decreasing in �i, �rm i gets zero pro�ts in equilibrium
(�Di = 0).

Maximizing (36) with respect to qi yields the following �rst-order condi-
tion

�� �qi � ci = 0. (37)

Appendix B

We replace the choice variables S1 and S2 from (4) with �1 and �2 respec-
tively. The regulator�s optimization program in (10) may be rewritten as
follows

max
q1;q2;�1;�2

�q1 + �q2 �
1

2

�
�q21 + 2
q1q2 + �q

2
2

�
� C1 (q1)+

�C2 (q2)�
�
1� 'C

�
(�1 + �2) (38)

s:t: (PC1), (PC2).

Since (38) is decreasing in �1 and �2, the two �rms get zero pro�ts in
equilibrium (�C1 = �

C
2 = 0).

Maximizing (38) with respect to qi yields the following �rst-order condi-
tion

�� �qi � 
qj � ci = 0. (39)

Appendix C

We derive the local necessary incentive compatibility condition (ICCi) seen
in Section 4 and show that this condition is also globally su¢ cient for the
cost speci�cation in (5) if qi (:) is non-increasing in ci.
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The set of global incentive compatible mechanisms satis�es for any c;bci 2
[c�; c+] the following constraint

�i (c) � �i (c; c) � �i (bci; c) . (40)

Condition (40) requires that �rm i does not have any incentive to mis-
represent its private information, since the pro�t �i (c) received by revealing
truthfully its marginal costs c 2 [c�; c+] is at least as great as the pro�t
�i (bci; c) it could obtain for any report bci.

Following the Baron [3] approach and using (4) and (5), the right-hand
side of (40) may be rewritten as

�i (bci; c) = �i (bci) + Ci (qi (bci) ;bci)� Ci (qi (bci) ; c) , (41)

where �i (bci) � �i (bci;bci). After substituting (41) into (40), we get
�i (c)� �i (bci) � Ci (qi (bci) ;bci)� Ci (qi (bci) ; c) . (42)

Reversing the roles of c and bci in (40) and (41) yields
�i (c)� �i (bci) � Ci (qi (c) ;bci)� Ci (qi (c) ; c) (43)

Combining (42) and (43) implies

Ci (qi (bci) ;bci)� Ci (qi (bci) ; c) � �i (c)� �i (bci) �
� Ci (qi (c) ;bci)� Ci (qi (c) ; c) . (44)

Dividing the inequalities in (44) by bci� c for bci > c and taking the limit
as bci ! c yields

d�i (c)

dc
= �@Ci (c; :)

@c
. (45)

After integrating both sides of equation (45) and combining terms, we
obtain the local necessary incentive compatibility condition (ICCi) seen in
Section 4

�i (c) = �i
�
c+
�
+

c+Z
c

@Ci (ec; :)
@ec dec. (46)
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Now we show that condition (46) is also globally su¢ cient for the cost
speci�cation in (5) if qi (:) is non-increasing in ci. Substituting �i (bci) from
(46) for bci = c into (41) and using (5) yields

�i (bci; c) = �i �c+�+ c+Z
bci
qi (ec) dec+ (bci � c) qi (bci) . (47)

If we replace �i (c+) from (46) into (47), we get after some manipulations

�i (bci; c) = �i (c)� bciZ
c

qi (ec) dec+ (bci � c) qi (bci) . (48)

Finally, combining terms in (48) yields

�i (bci; c) = �i (c) + bciZ
c

[qi (bci)� qi (ec)] dec. (49)

The global incentive compatibility condition in (49) is satis�ed for any
c;bci 2 [c�; c] if the second term on the right-hand side in (49) is non-positive.
Our claim is that this occurs if qi (:) is non-increasing in ci. To see why such is
the case, notice that, if bci � c, then the weak monotonicity of qi (:) implies
that the integral in (49) is non-positive. When bci < c, then the term in
square brackets in (49) is nonnegative if qi (ci) is a non-increasing function
but reversing the direction of the integral shows that the second term in
(49) is non-positive. Therefore, the local necessary incentive compatibility
condition (ICCi) in (46) is also globally su¢ cient for the cost speci�cation
in (5) provided that qi (:) is non-increasing in ci.

Appendix D

We replace the choice variable Si (c) with �i (c) from (4) as shown in Appen-
dix A. Then, substituting (ICCi) into (19) and integrating by parts yields

max
qi(c);�i(c+)

c+Z
c�

�
�qi (c) + �qj (c)�

1

2

�
�q2i (c) + 2
qi (c) qj (c) + �qj (c)

�
+

�pj (qi (c) ; qj (c)) � qj (c)� Ci (qi (c))� Sj (qj (c))+
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�
�
1� 'Di

��F (c)
f (c)

qi (c) + �i
�
c+
���

f (ci) dci (50)

s:t:

�i
�
c+
�
� 0. (PCi)

Since (50) is decreasing in �i (c+), the regulator �nds it optimal to give
zero pro�t to the most ine¢ cient �rm.

Maximizing pointwise (50) with respect to qi yields the following �rst-
order condition

�� �qi (c)� ci �
�
1� 'Di

� F (c)
f (c)

= 0. (51)

Appendix E

We replace the choice variable Si (c) with �i (c) from (4) as shown in Ap-
pendix B. Then, substituting (ICC1) and (ICC2) into (24) and integrating
by parts yields

max
q1(c);q2(c);�1(c+);�2(c+)

c+Z
c�

[�q1 (c) + �q2 (c)+

�1
2

�
�q21 (c) + 2
q1 (c) q2 (c) + �q

2
2 (c)

�
� C1 (q1 (c))� C2 (q2 (c))+

�
�
1� 'C

��F (c)
f (c)

q1 (c) + �1
�
c+
�
+
F (c)

f (c)
q2 (c) + �2

�
c+
���

f (c) dc (52)

s:t:

�1
�
c+
�
� 0

�2
�
c+
�
� 0.
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Since (52) is decreasing in �1 (c+) and �2 (c+), the �rms with the highest
costs obtain zero pro�ts in equilibrium.

Maximizing pointwise (52) with respect to qi (c) yields the following �rst-
order condition

�� �qi (c)� 
qj (c)� ci �
�
1� 'C

�
Hi = 0. (53)
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