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Abstract

We examine the issue of whether two monopolists which produce
substitutable goods should be regulated by one (centralization) or two
(decentralization) regulatory authorities, when the regulator(s) can be
partially captured by industry. Under full information, where lobby-
ing is inactive, centralized regulation clearly improves social welfare
since it internalizes all relevant e¤ects. This (predictable) result con-
ceals a distributional issue of some interest: consumers are better o¤
under decentralization but at the cost of excessively high subsidies to
�rms. Under asymmetric information about the �rms�costs, central-
ization spurs competition between �rms in regulatory capture, which
yields an overinvestment in lobbying. Hence, a unique regulator is
more distorted to industry�s interests, and this reduces social welfare.
A su¢ ciently high substitutability between goods aggravates capture
problem so that decentralized regulation is (socially) preferred since
it removes competition between �rms in the lobbying market.
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1. Introduction

Should a country set up a single energy regulator or rather have separate
agencies for gas and electricity? And should we have a unique transport
authority, or rather a railway regulator separate from those regulating mo-
torways or airports? Our paper provides an attempt to explore these issues,
focusing on how to devise the jurisdiction of a regulatory authority, that
is, the regulatory design, when there are two markets which provide substi-
tutable goods.
Several theoretical contributions to the literature on regulation have in-

vestigated 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 sup-
ply which products.1 Our focus is thus not on the number of �rms, but on
the number of regulators.
We assume that a benevolent political principal (the Congress) can dele-

gate the regulation of two interdependent markets either to a unique regulator
(centralization) or to two di¤erent authorities (decentralization). Regulation
may be non-benevolent since it can be captured by the �rms�lobbying ac-
tivities. Our model predicts that under full information, where lobbying is
not pro�table, regulatory centralization is the best option for the Congress.
As long as regulation is benevolent, the cooperative (centralized) regime al-
lows to internalize all the relevant e¤ects and thus improves social welfare.
This intuitive result covers a distributional issue of some interest: the market
interdependence e¤ect driven by substitutability between goods implies that
the noncooperative behaviour of two di¤erent regulators yields lower prices
than under centralization, making consumers better o¤. However, this leads
to excessive costs for taxpayers who subsidize �rms, and then reduces social
welfare.
If �rms have private information about their costs, there is scope for

lobbying and we �nd that a unique regulator is more distorted to the indus-
try�s interests because the competition between �rms in the lobbying market
induces an overinvestment in capture. A trade-o¤ emerges in equilibrium be-
tween the (expected) market interdependence e¤ect and the lobbying e¤ect.
When the substitutability between goods is high enough, the latter e¤ect
may outweigh the former, so that decentralizing the regulatory structure can
increase social welfare. The noncooperative (decentralized) regime turns out

1See Gilbert and Riordan [1995] for an analysis of the relative advantages of bundled
supply in multiproduct industries.
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to be a good structural response to non-benevolent regulation since it alle-
viates the capture problem by preventing lobbies from competing to acquire
more in�uence.
Even though they are derived in a regulatory setting, we believe that

our results can shed some light on the relevant issue of power separation in
government and organizations.

2. Related literature

The design of the regulatory jurisdiction in interdependent markets is an
issue which, despite its theoretical and empirical importance, has been only
touched by the literature on optimal regulation, so that several gaps remain.2

The issue of the separation of powers has indeed been addressed in the
theory of regulation. La¤ont and Martimort [1999] consider the problem of
monitoring a regulated �rm which has private information about some pieces
of its activity. The authors argue that when regulation makes collusive o¤ers
that are accepted by the �rm whatever its characteristics, splitting regulatory
rights on some aspects of the �rm�s performance between di¤erent agencies
may act as a device against the threat of regulatory capture. Separation
turns out to be desirable since it reduces regulatory discretion in engaging
in socially wasteful activities.3 In our paper we show that decentralized
regulation can mitigate the adverse e¤ect of lobbying in a context of interde-
pendent markets since the noncooperative regulatory behavior removes the
competition between �rms at the lobbying stage.4

Another strand of literature which is relevant for our contribution is the
2For a survey on optimal regulation see Armstrong and Sappington [2007].
3Martimort [1999] shows that in a dynamic setting with endogenous transaction costs

there may exist diseconomies of scale in information acquisition which justify a split in
the monitoring technology between two di¤erent regulators.

4A relevant stream of literature analyzes the trade-o¤ between centralization and de-
centralization in economic organizations (see Poitevin [2000] for a review on this topic).
La¤ont and Martimort [1998] show that under certain conditions a decentralized structure
can alleviate the problem of collusion if there are limits on communication between the
principal and the agents. With this approach we share the assumption that the dele-
gation process is imperfect, so that regulators may have private agendas. However, the
La¤ont and Martimort results are driven by very di¤erent forces from those operating
in our setting: decentralization (that they call �delegation�) implies an extention of the
organizational hierarchy, which can be pro�table when the principal cannot communicate
with the bottom-level agent. In our model decentralization means separation of the reg-
ulatory jurisdiction between two noncooperative agencies and its superiority in terms of
social welfare is a consequence of the way the interdependence between markets a¤ects
the lobbying stage.
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multiprincipal incentive theory. Baron [1985] examines the regulation of a
non-localized externality by two di¤erent agencies and compares the nonco-
operative equilibrium with the case in which two regulators are allowed to
coordinate their activities. Contrary to our paper, regulatory agencies rep-
resent con�icting interests and lobbying by industry is not an issue. In a
reduced-form model with two agencies which exhibit di¤erent objectives in
presence of regulatory capture, Martimort [1996] shows that the duplication
of non-benevolent regulators may improve social welfare. This shares some
relevant similarities with our analysis, even though our results are driven by
market interdependence by endogenizing the lobbying stage.
Our work is �nally related to the well-known capture theory of economic

regulation, whose seminal contribution traces back to Stigler [1971]. Follow-
ing his paradigm, we assume that the industry is able to mobilize regulatory
powers to obtain favours, since it has greater incentives than dispersed con-
sumers and taxpayers with a low per-capita stake to get organized in order
to exercise political in�uence.5 Following Martimort [1996], we assume that
capture can only be partial, and that it materializes in a higher weight which
the regulator puts on pro�ts in her objective function.6 In line with Gross-
man and Helpman�s [1994] contribution we suppose that regulated �rms are
involved in a lobbying activity and then the regulator sets a policy. That pa-
per models the interaction between the various lobbies and the government
as a "menu-auction" problem à la Bernheim and Whinston [1986] where
bidders (lobbies) announce a menu of o¤ers (contributions) for various pos-
sible actions open to an auctioneer (the government) and then they pay the
bids associated with the action selected. Each organized group confronts
the government with a contribution schedule which maps every policy vector
the goverment may choose into a contribution level. The government then
sets a policy vector and collects from each lobby the contribution associated
with its policy choice in order to maximize a weighted sum of total political
contributions and aggregate social welfare.7

In our paper the contribution schedule of each �rm maps every regulatory
weight on pro�ts in a contribution level. The costs incurred to lobby the

5It is anyway worth quoting the contribution of Miller III et al. [1984] which informally
argues that centralization should alter the relative rates of return to lobbying for various
coalitions, generally in favour of groups having di¤use interests which can focus their
lobbying against rent-creating regulation on one location rather than splitting those e¤orts
among a variety of regulatory agencies.

6Calzolari and Scarpa [2009] also suggest that the regulator can be captured by the
�rm and induced to put a larger stake on pro�ts.

7Boylan [2000] shows that if contributions from the government to lobbies are feasible,
then the best possible auction for the goverment leads to the same policy as in Bernheim
and Whinston [1986], although contributions are higher.
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agency8 yield a pro-�rm distortion in the regulatory objective function. This
is in line with rent-seeking literature starting from Tullock [1980] where e¤ort
of each contestant (�rm) a¤ects the share of "prize" (pro�ts) it receives.9 This
approach allows us to endogenize Martimort�s [1996] black-box formulation
of lobbying through the explicit derivation of pro�t weights.
The rest of the paper is organized as follows. Section 3 presents the basic

structures of the model. In Section 4 we compute the full information out-
comes and study their impact on welfare of the agents involved. Section 5
derives the regulatory policy under both regimes in the case of asymmetric
cost information and makes welfare comparisons. Finally, Section 6 is de-
voted to some concluding remarks. All relevant proofs are relegated to the
Appendix.

3. The basic model

We consider two symmetric markets for substitutable goods. Following Singh
and Vives [1984], the consumers�gross utility from the marketplace is repre-
sented by a quadratic utility function of the form

U (q1; q2) = �q1 + �q2 �
1

2

�
�q21 + 2q1q2 + �q22

�
, (1)

where qi denotes the quantity for good i = 1; 2 and �, � are positive para-
meters;  2 [0; �) expresses the degree of substitutability between goods.10
The consumer surplus net of expenditures on goods is given by

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

The inverse demand function pi (qi; qj) for good i is thus

pi (qi; qj) = �� �qi � qj. (3)

8These costs include side transfers (contributions) in monetary terms or in the form of
lucrative employment opportunities of the regulatory sta¤ (La¤ont and Tirole [1991]).

9In his original formulation, Tullock [1980] assumes that e¤ort increases the probabil-
ity of winning, which can be easily interpreted as the share of prize. More relevantly,
di¤erently from Tullock�s, we endogenize the "prize", since pro�ts are the outcome of a
lobbying activity.
10All 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 markets are run by monopolies. The pro�t of �rm i is

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

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

Ci (qi; ci) = ciqi + f , (5)

where ci 2 (0; �) is the marginal cost of �rm i and f > 0 is the (common)
�xed cost of production. The �xed cost of production does not play any role
in our welfare analysis and then without loss of generality it is supposed to
be equal for the two �rms.

Regulation In line with the main literature the Congress is a benevolent
maximizer of a social welfare function,11 which is given by

W (q1; S1; q2; S2) = CS (q1; q2)� S1 � S2. (6)

The Congress cares about consumer surplus net of the subsidization of
�rms �nanced by taxpayers via the regulatory process.12

The mandate of a decentralized regulator for market i is to maximize the
consumer surplus in (2) net of the subsidy Si she gives to �rm i through the
regulatory process.13 Regulation can be partially captured by industries. Fol-
lowing Martimort [1996], the result of such a partial capture is the distortion

11Among others, La¤ont and Tirole [1990] assume that regulatory institutions result
from a constitution drafted by some benevolent "founding fathers" or "social planners",
which may be identi�ed with the Congress.
12Notice that (6) is a social welfare function à la Baron and Myerson [1982] with zero

weights on pro�ts. Without any loss of generality (see Armstrong and Sappington [2007])
we neglect the shadow cost of public funds à la La¤ont and Tirole [1986] arising from
distortionary taxation. This cost increases even more the weight of taxpayer welfare in
the social welfare function, which does not a¤ect qualitatively the results but makes the
analysis less transparent.
13Baron [1988] shows that if there is a strong electoral connection between the bene�ts

delivered 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. Such a regulatory mandate can be also thought as
a response to the regulatory capture. In our setting of imperfect delegation, the Congress
does not have time, resources and expertise to discover the lobbying activity exerted by the
�rms and cannot give the regulator the right monetary incentives to completely internalize
its objectives. Neven and Röller [2005] suggest that when competition authority�s 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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of regulatory activity to industry�s interests. This means that the regulator
for market i also cares about pro�ts of �rm i, to which she assigns a weight
'Di 2 [0; 1].14 Formally, a decentralized regulator for market i maximizes

V D
i (qi; Si; :) = CS (qi; qj)� Si + 'Di �i. (7)

The objective of a unique regulator is

V C (q1; S1; q2; S2) = CS (q1; q2)� S1 � S2 + 'C1 �1 + 'C2 �2, (8)

where 'Ci 2 [0; 1] is the weight put on �rm i�s pro�ts by centralized regulation.
It is worth stressing that the choice of the objective function is not central

to our analysis and the results we obtain. Nothing substantial would change
if we assumed that the Congress�objective would exhibit a positive weight
on pro�ts, and �rms lobby to increase that weight in the regulatory objective
function(s).
The regulatory instruments are the quantity and the subsidy to the �rm

in each market. In line with the optimal regulation literature from Baron
and Myerson [1982] and La¤ont and Tirole [1986] we assume that regulatory
agencies are granted appropriations to be used to subsidize the �rm. Notice
from (7) that a decentralized regulator clearly cares only about the amount
of transfers given to the �rm she is responsible for.
Although in some sectors price regulation seems to be more natural, in

relevant industries like electricity, gas and transport, which are characterized
by network assets with limited capacity, the choice of scale plays a crucial
role as it yields transmission constraints. A common way in the literature
to model this feature is to consider the quantity as a choice variable since
the entire capacity is dumped on the market.15 Notice that this formulation
implies a sort of quantity competition between regulators under decentral-
ization. This is in line with empirical works of some relevance to our sectors,
which corroborates the idea that binding infrastructure capacity restrictions
induce Cournot behavior.16

14It seems sensible to assume that each �rm is able to capture only the regulator estab-
lished in its market, since they have a direct relationship. More relevantly, notice from
Appendix A that the pro�ts of a �rm are entirely determined by its own regulator, and
then there is no incentive to bribe the regulator for the other market.
15See on this topic Tirole [1988, ch. 5].
16See Egging and Gabriel [2006] and Holz et al. [2008] for empirical evidence about the

European natural gas market. Bushnell et al. [2008] focus on the U.S. electicity sector.
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Lobbying Following Grossman and Helpman [1994] our regulatory model
is a two-stage game where �rst �rms lobby the regulator(s) and then the
policy is implemented. Non-benevolence of regulatory agencies may take
several forms and in line with Martimort [1996] we choose to model it as a
pro-�rm bias. The weights 'Di and '

C
i are then driven by �rms� lobbying

activities. As discussed in Section 2, each �rm faces a contribution schedule
' 2 [0; 1] ! � (') 2 R+ which maps every pro�t weight ' into the amount
of expenditure � (:) incurred to get that weight. The contribution function
� (:) (with � (0) = 0) is increasing and convex in ' (�

0
> 0, �

00
> 0).17 This

represents the intuitive idea that the higher the pro�t weight, the higher
the cost incurred to capture the regulator. The shape of the contribution
function re�ects the regulator�s preferences for lobbying, that is, her level
of corruptability,18 which depends on a number of variables like personal
interests of the regulatory sta¤.19 The cost of lobbying is �nanced through
pro�ts the �rm anticipates to receive. Hence, each �rm picks up the weight
which maximizes its (net) pro�ts. In other terms, the regulatory weight 'ki
in regime k (k = C;D) on the rent of �rm i is the outcome of the following
problem

max
'ki 2[0;1]

�
�ki
�
'ki ; '

k
j

�
� �

�
'ki
��
. (9)

Condition (9) models Stigler�s [1971] suggestion that each interest group
chooses to in�uence the government at a level where marginal bene�t equals
marginal cost.20

4. The full information benchmark

In each market the regulatory agency has two instruments, i.e. quantity qi
and subsidy Si to �rm i. Under full information the timing of the regulatory
game is the following.

17For computational convenience, we also assume �
000
= 0.

18A contribution function with a higher slope (larger �
00
) denotes a regulator harder to

capture, since weights on pro�ts are more costly to �rms.
19We assume that this shape is the same under the two regulatory regimes. This allows

us to derive results without imposing any arbitrary asymmetric bias to capture.
20Following La¤ont and Tirole [1991] one could imagine that (a fraction of) the �rm�s

total expenditure to bribe the regulator increases the regulatory income. Without loss of
generality we neglect such a term in the regulatory objective functions in (7) and (8) since
this is the result of the lobbying stage and then it does not a¤ect the policy setting at the
following stage.
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(I) The Congress decides to delegate regulation of two interdependent
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) Under decentralization the regulator for market i independently and

simultaneously makes a take-it-or-leave-it o¤er of a regulatory mechanism
MD

i =
�
qDi ; S

D
i

	
to �rm i. Under centralization a unique agency o¤ers a

regulatory policy MC
i =

�
qCi ; S

C
i

	
to each �rm.

(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) If the �rm accepts, the contract is executed and the regulatory policy

is implemented.
For the sake of convenience, we consider the case where �rms exhibit the

same costs, i.e. ci = c. We clearly drop this assumption when deriving the
results under asymmetric information. Our regulatory model is a two-stage
game. At the �rst stage, the �rms�lobbying activity determines the weight
on pro�ts in the regulatory objective function(s). At the second stage, each
regulator chooses the policy which maximizes her objective function. We
solve this game by backward induction. The two alternatives we consider
di¤er in the number of markets (or �rms) the regulator is responsible for and
(possibly) the value assigned to pro�ts. Let us analyze them in sequence.

4.1. Pricing policy under decentralization

Let us �rst consider the regulatory setting in which two di¤erent agencies
coexist. We label this environment as decentralization.
At the second stage the regulator in charge of market i sets the quantity qi

and the subsidy Si, in order to maximize consumer surplus net of subsidy plus
the pro�ts of �rm i weighted by a given parameter 'Di 2 [0; 1] determined
at the previous stage. Substituting (2) and (4) into (7), the objective of the
regulator for market i is the following

max
fqi;Sig

�
�qi + �qj �

1

2

�
�q2i + 2qiqj + �q2j

�
� pi (qi; qj) qi

�pj (qi; qj) qj � Si + 'Di �i
�

s:t: (10)

�i � 0, (PCi)
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where the participation constraint (PCi) states that �rm i produces only
if it receives from the regulatory mechanism at least its reservation pro�t
(normalized to zero). Referring to Appendix A for the details, from the
�rst-order condition for qi the regulated quantity for good i is given by

qDi � qD =
�� c

�
. (11)

Replacing (11) into (3) yields the full information pricing policy. This
result is emphasized in the following Lemma.

Lemma 1 Under full information, decentralized regulation yields a price for
good i equal to

pDi � pD = c� z (�� c) , (12)

where z � 
�
2 [0; 1).

Notice from (12) that if markets are independent, i.e. z = 0, we �nd the
�rst-best condition of marginal cost pricing. As c 2 (0; �), the substitutabil-
ity between the goods, i.e. z > 0, reduces equilibrium prices below marginal
costs.
At the �rst stage each �rm engages in a lobbying activity, which deter-

mines the weight the regulator attaches to pro�ts. As discussed in Section 3,
we assume that this weight depends on the amount of expenditure incurred
to in�uence the agency. From (9) the regulatory weight 'Di on the rent of
�rm i is the outcome of the following problem

max
'Di 2[0;1]

�
�Di
�
'Di ; '

D
j

�
� �

�
'Di
��
. (13)

Since 'Di 2 [0; 1] and then with full information there is no reason to
leave the �rm any rents, i.e. �Di = 0, it is immediate to see that '

D
i = 0 in

equilibrium. In other words, no �rm has incentives to lobby the regulator,
since it anticipates zero pro�ts anyway.

4.2. 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 a unique regulator sets the quantities q1 and q2 and
subsidies S1 and S2 in order to maximize her objective function. Replacing
(2) and (4) into (8), the regulator�s program is the following

max
fq1;S1;q2;S2g

�
�q1 + �q2 �

1

2

�
�q21 + 2q1q2 + �q22

�
� p1 (q1; q2) q1

�p2 (q1; q2) q2 � S1 � S2 + 'C1 �1 + 'C2 �2
�

s:t: (PC1), (PC2). (14)

Appendix B shows the solution to the problem in (14). From the �rst-
order condition for qi the regulated quantity for good i is given by

qCi � qC =
�� c

� (1 + z)
. (15)

We can see from (15) that substitutability reduces the equilibrium output.
A unique regulator �nds it optimal to curb production of substitutes, since
consumers can move from one market to the other.
We derive now the full information pricing policy under regulatory cen-

tralization. This is shown in the following Lemma.

Lemma 2 Under full information centralized regulation yields a price for
good i equal to

pCi � pC = c: (16)

Observe from (16) that the price set by a single regulator equals marginal
costs independently of substitutability between goods, and then allocative
e¢ ciency is maximized.
As under decentralization, at the �rst stage lobbying occurs which yields

the weight given to pro�ts in the regulatory objective function. Hence, the
regulatory weight 'Ci on pro�ts of �rm i is the outcome of the following
problem

max
'Ci 2[0;1]

�
�Ci
�
'Ci ; '

C
j

�
� �

�
'Ci
��
. (17)

Since �Ci = 0 in equilibrium, even under centralization lobbying activity
is not pro�table in case of full information, which implies 'Ci = 0.
From the analysis above we can conclude that in both regimes lobbying

does not emerge in equilibrium. This con�rms the well-known idea that in
absence of asymmetric information, regulated �rms are unable to extract
rents and therefore have no incentives to in�uence regulatory outcomes.
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4.3. Welfare comparisons

We compare now the welfare of each agent under the two regulatory struc-
tures. We �rst consider price levels, which turn out to be crucial for the
analysis of our main results. Taking the di¤erence between (12) and (16)
immediately yields

pD � pC = �z (�� c) = �I (z) , (18)

where

I (z) � z (�� c) � 0 (19)

as c 2 (0; �). Notice that (18) is negative as long as goods are substitutes. We
know from (16) that centralized prices equal marginal costs. Conversely, (12)
shows that with connected markets the noncooperative behavior of each reg-
ulator, who disregards the amount of subsidies granted by the other, pushes
prices below marginal costs. Hence, a �market interdependence e¤ect�, de-
noted by I (z), occurs under full information and yields a downward distor-
tion in decentralized prices that de�nitely bene�ts consumers.
We can now present our �rst results of some relevance, which will be

proved and commented upon in di¤erent steps.

Proposition 1 Assume that z 2 (0; 1), i.e. goods are substitutes. Then,
under full information regulatory decentralization
(i) increases consumer surplus, i.e. CSD > CSC

(ii) increases subsidies, i.e. SD > SC

(iii) decreases social welfare, i.e. WD < WC.

To show point (i), plugging (11) and (15) into (2) yields the di¤erence
in consumer surplus between the two regulatory regimes, which after some
manipulations can be written as

CSD � CSC � �CS = z
2 + z

� (1 + z)
(�� c)2 . (20)

Substitutability between goods implies that expression (20) is strictly
positive, i.e. CSD > CSC , so decentralization makes consumers better o¤.
This is a straightforward consequence of lower prices under this regime, as is
evident from (18).
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Coming to subsidies, notice that regulated prices are lower under decen-
tralization, but equilibrium pro�ts are zero in all cases. This can work be-
cause of subsidies which are bound to be lower under centralized regulation.
To be more precise, we compute the amount of subsidies the �rms receive,
which proves point (ii) of Proposition 1. Substituting (11) and (15) into (4),
we obtain after some computations the di¤erence in subsidies granted to each
�rm between the two regulatory regimes, i.e.

SD � SC � �S = z

�
(�� c)2 . (21)

Not surprisingly, (21) reveals that the higher production under decen-
tralization requires a greater subsidization, i.e. SD > SC , which reduces
taxpayer welfare.
As from (6) we know that the Congress cares about the consumer surplus

net of subsidies �nanced by taxpayers, using (20) and (21) the di¤erence in
social welfare between the two regimes can be written after some manipula-
tions as

WD �WC � �W = � z2

� (1 + z)
(�� c)2 . (22)

Notice from (22) that, as we have emphasized in point (iii) of Propo-
sition 1, substitutability between goods yields higher social welfare under
centralization, i.e. WD < WC . The excess subsidy given under decentraliza-
tion entails a welfare loss which more than compensates the higher consumer
surplus. In a sense, this is the result one would have expected. Under full
information nothing interferes with the regulator�s ability to maximize her
objective function which, as long as ' 2 [0; 1], entails zero pro�ts irrespec-
tive of the weight each regulator gives to the private �rm�s pro�ts (Baron
and Myerson [1982]). Therefore, lobbying is not pro�table, and having one
powerful regulator in charge of both markets which perfectly internalizes
taxpayer welfare clearly yields a better outcome. However, what we consider
relevant is that the (predictable) aggregate result conceals a distributional
issue of some interest: consumers would be better o¤ with two independent
regulators, but this would happen at an excessively large cost for taxpayers.

5. Asymmetric cost information

We assume now that �rms have private information about their production
technology. Firm i�s costs are independently and identically (i.i.d.) distrib-
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uted according to a density function f (ci), which is continuous and positive
on the domain [c; c]. The corresponding cumulative distribution function is
given by F (ci) =

R ci
c
f (eci) deci 2 [0; 1]. Under asymmetric information the

timing of the regulatory game is the following.
(I) Nature draws a cost type ci for �rm i, according to the density function

f (ci).
(II) The Congress decides to delegate regulation either to a unique agency

or two di¤erent authorities.21

(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.22

(IV) Each �rm learns its type.
(V) Invoking the revelation principle (Myerson [1979]), under decentral-

ization each regulator independently and simultaneously o¤ers a direct in-
centive compatible mechanism MD

i =
�
qDi (bci) ; SDi (bci)	 where the output

qi (:) and the subsidy Si (:) targeted to �rm i are contingent on its own
report bci 2 [c; c]. Under centralization, a unique regulator o¤ers MC

i =�
qCi (bci;bcj) ; SCi (bci;bcj)	, where qi (:) and Si (:) are contingent on the reports
of both �rms. Each �rm is induced to reveal honestly its private information,
so that in equilibrium we have bci = ci.
(VI) 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.
(VII) If the �rm accepts, the contract is executed and the regulatory

policy is implemented.
All results of the paper are derived under the assumption of i.i.d. costs.

To check their robustness, in Appendix F we consider the case of (perfectly)
correlated costs, which may have some relevance in connected markets, and
we show that our main conclusions still apply.

21In line with some relevant literature (see Iossa [1999]) the Congress chooses the reg-
ulatory regime before �rms learn their costs. One might imagine that this choice could
a¤ect the degree of ex ante asymmetric information of the regulator(s). For instance, a
decentralized (specialized) regulator might be expected to have better information than
a unique (generalist) regulator. Conversely, the latter might be better informed because
she could have a cheaper access to data if there are economies of scale in information
acquisition. This seems to be especially an empirical question, which is outside the scope
of this paper. Hence, according to our timing neither cost distribution nor Nature�s move
is a¤ected by the choice of the regulatory regime.
22Notice that lobbying stage takes place before �rms know their type. This is clearly the

case when lobbying is a long-term activity in which �rms are involved before they build
up the production technology. This assumption is also meant to avoid signaling issues,
which are outside the scope of the paper. In the literature on regulatory capture (La¤ont
and Tirole [1993, ch. 11]) the opposite timing is often used since collusion deals with
concealment of costs from the principal, which is not an issue here.
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The incentive compatibility constraint of �rm i is

Z c

c

�i (ci; :) f (cj) dcj =

Z c

c

�i (c; :) f (cj) dcj +

Z c

c

Z c

ci

qi (eci) decif (cj) dcj.
(ICCi)

Notice that �rm i considers its expected pro�ts according to �rm j�s
cost distribution when it signs the contract and makes its cost declaration.
Condition (ICCi) states that the (expected) pro�t of �rm i must be equal to
the (expected) pro�t of the most ine¢ cient �rm plus the informational rent
(captured by the double integral) which represents the reward to the �rm for
revealing truthfully its private information.23

5.1. Pricing policy under decentralization

A decentralized regulator maximizes (7) in expected terms since she designs
the policy mechanism before knowing �rms�costs. Using (2) and (4), at the
second stage the optimization problem is the following

max
fqi(ci);Si(ci)g

Z c

c

Z c

c

�
�qi (ci) + �qj (cj)�

1

2

�
�q2i (ci) + 2qi (ci) qj (cj)

+�q2j (cj)
�
� pi (qi (ci) ; qj (cj)) qi (ci)� pj (qi (ci) ; qj (cj)) qj (cj)

�Si (ci) + 'Di �i (ci; :)
�
f (ci) f (cj) dcidcj s:t: (23)

Z c

c

�i (ci; :) f (cj) dcj � 0 (PCi)

Z c

c

�i (ci; :) f (cj) dcj =

Z c

c

�i (c; :) f (cj) dcj +

Z c

c

Z c

ci

qi (eci) decif (cj) dcj,
(ICC

0
i)

23See for instance Baron [1989, pp. 1363-1369].
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where (PCi) is the participation constraint of �rm i and the incentive com-
patibility constraint (ICC

0
i) is derived from (ICCi) for the cost speci�cation

in (5). Appendix C shows the solution to the problem in (23).
From the �rst-order condition for qi (:) the quantity produced by �rm i

as a function of 'Di is given by

qDi
�
'Di
�
=
1

�

�
�� ci �

�
1� 'Di

�
H (ci)

�
, (24)

where H (ci) � F (ci)
f(ci)

� 0 is the hazard rate.24
Replacing (24) into (3) yields the asymmetric information prices as func-

tions of the pro�t weights, which are shown in the following Lemma.

Lemma 3 Under asymmetric information decentralized regulation yields a
price for good i equal to

pDi
�
'Di ; '

D
j

�
= ci�z (�� cj)+

��
1� 'Di

�
H (ci) + z

�
1� 'Dj

�
H (cj)

�
. (25)

The impact of substitutability on prices is now twofold. On the one hand,
as under full information higher substitutability yields a reduction in prices.
On the other, the distortion above the full information price, captured by the
expression in square brackets, is exacerbated by the substitutability between
goods. To see which e¤ect prevails, we compute from (25)

@pDi
@z

= �
�
�� cj �

�
1� 'Dj

�
H (cj)

�
< 0

as qDj > 0 (see (24) inverting i and j). As under full information even
though at a lesser extent, we �nd that a stronger substitutability between
goods reduces prices in equilibrium (for a given 'Dj ).
Finally, notice that an increase in the weight 'Dj put on the pro�ts of

the �rm j yields a reduction in the equilibrium price pDi . Indeed, a higher
quantity produced in market j when the regulator is more pro�t distorted
decreases the price for the substitutable good i (see (3)).

5.2. Pricing policy under centralization

Substituting (2) and (4) into (8) in expected terms, the program of a unique
regulator is

24The usual assumption of increasing hazard rate holds, i.e. @H@ci > 0.
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max
fq1(c1;c2);S1(c1;c2);q2(c1;c2);S2(c1;c2)g

Z c

c

Z c

c

[�q1 (c1; c2) + �q2 (c1; c2)

�1
2

�
�q21 (c1; c2) + 2q1 (c1; c2) q2 (c1; c2) + �q22 (c1; c2)

�

�p1 (q1 (c1; c2) ; q2 (c1; c2)) q1 (c1; c2)� p2 (q1 (c1; c2) ; q2 (c1; c2)) q2 (c1; c2)

�S1 (c1; c2)� S2 (c1; c2) + 'C1 �1 (c1; c2) + 'C2 �2 (c1; c2)
�
f (c1) f (c2) dc1dc2

(26)

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

Notice that with i.i.d. cost draws the incentive compatibility constraints
under centralization are a straightforward extension of those derived for the
case of decentralization. The only di¤erence is that now the quantity is
contingent on the declaration of both �rms.
From the �rst-order condition for qi (:) the quantity produced by �rm i

for given 'Ci and '
C
j is

qCi
�
'Ci ; '

C
j

�
=

1

� (1� z2)
[(1� z)�� ci + zcj

�
�
1� 'Ci

�
H (ci) + z

�
1� 'Cj

�
H (cj)

�
. (27)

Notice from (27) that

@qCi
@'Cj

= � z

� (1� z2)
H (cj) � 0. (28)

Centralized regulation entails a sort of rivalry between the �rms, which
has implications for their lobbying activities. A higher weight obtained by
�rm j on its pro�ts harms �rm i, which is allowed to produce (and earn) less
since goods are substitutes.
We are now in a position to derive the asymmetric information prices as

a function of pro�t weights. This is done in the following Lemma.
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Lemma 4 Under asymmetric information centralized regulation yields a price
for good i equal to

pCi
�
'Ci
�
= ci +

�
1� 'Ci

�
H (ci) . (29)

Notice from (29) that the price charged by a single regulator is distorted
above marginal costs due to asymmetric information, independently of the
substitutability between goods.
Hence, in both regulatory structures asymmetric information increases

prices. However, under centralization the regulated price is above marginal
cost, while this is not necessarily the case under decentralization (see (25)).

5.3. Equilibrium lobbying activities

Now that we have derived the equilibrium prices/quantities in the regulation
stage (as functions of the pro�t weights 'ki , with k = C;D), we can proceed
backwards to determine the equilibrium levels of lobbying activities, by using
(9). To this end, we need to calculate the expected pro�ts on the basis of
equilibrium quantities, as lobbying takes place before �rms learn their private
information.
In case of decentralization, after substituting the equilibrium pro�t from

(ICCi), as determined by (24), into (9) we can derive the weight given by
each agency to the pro�ts of �rm i as the solution to

max
'Di 2[0;1]

�Z c

c

Z c

c

Z c

ci

1

�

�
�� eci � �1� 'Di

�
H (eci)� deci

�f (ci) f (cj) dcidcj � �
�
'Di
�	
.

The (interior) equilibrium value25 for 'Di must satisfy the following �rst-
order condition

� 0
�
'Di
�
=
1

�

Z c

c

Z c

c

Z c

ci

H (eci) decif (ci) f (cj) dcidcj,
i.e. the equilibrium weight is such that the marginal cost of lobbying equates
the (expected) marginal pro�t. This implies

25To get an interior optimum it is su¢ cient that �
0
(1) is high enough.
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'Di � 'D = (� 0)
�1
�
E [H2]

�

�
, (30)

where E [H2] =
R c
c

R c
c

R c
ci
H (eci) decif (ci) f (cj) dcidcj, i = 1; 2 (as costs are

i.i.d.) and E [:] denotes the expectation operator. Since they expect the
same pro�ts, the two �rms behave identically at the lobbying stage, which
implies 'Di � 'D.
Turning to the case of centralization, we can proceed in an analogous way

using (9) and (27). The weight given to pro�ts of �rm i by a unique regulator
arises from the following program

max
'Ci 2[0;1]

�Z c

c

Z c

c

Z c

ci

1

� (1� z2)

�
(1� z)�� eci + zcj �

�
1� 'Ci

�
H (eci)

+z
�
1� 'Cj

�
H (cj)

�
decif (ci) f (cj) dcidcj � �

�
'Ci
�	
.

The (interior) equilibrium value for 'Ci must satisfy the following �rst-
order condition

� 0
�
'Ci
�
=

1

� (1� z2)

Z c

c

Z c

c

Z c

ci

H (eci) decif (ci) f (cj) dcidcj, (31)

which implies

'Ci � 'C = (� 0)
�1
�

E [H2]

� (1� z2)

�
. (32)

The two �rms will get the same weight on their pro�ts in equilibrium, i.e.
'Ci � 'C .
An important consequence of this analysis, which can be simply obtained

by comparing (30) and (32), is the following.

Proposition 2 In an interior equilibrium, �' (z) � 'D � 'C (z) : [0; 1)!
(�1; 0], i.e. the weight of pro�ts in the regulatory objective function is higher
under centralization. Moreover, �' (z) is
(a) (strictly) decreasing, i.e. @�'(z)

@z
< 0 for z 2 (0; 1)

(b) (strictly) concave, i.e. @2�'(z)
@z2

< 0.
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The proof is quite straightforward. Proposition 2 stresses that a single
regulator is more distorted to �rms�interests than two noncooperative agen-
cies. We have already pointed out that centralization introduces an element
of rivalry between the �rms, which are actually engaged in a sort of competi-
tion in the lobbying market. Points (a) and (b) of Proposition 2 reveal that
the pro�t weight with centralization rises at an increasing rate with substi-
tutability. We know from (28) that a higher weight on the pro�ts of a �rm
implies a larger output at the rival�s expense and then larger informational
rents. Notice that (28) is decreasing (at an increasing rate) in z, which means
that the higher the degree of substitutability, the larger the negative impact
of an increase in pro�t weight of a �rm on the quantity (and pro�t) of the
other. The interdependence between markets exacerbates the negative ex-
ternality each �rm imposes on the other when they compete at the lobbying
stage.
Like in a standard Tullock [1980] contest, the "prize" (the expected pro�t)

that a contestant (�rm) receives is increasing in its own e¤ort (cost of lobby-
ing) but decreases in the opponent�s e¤ort. Joint pro�t maximizing weights
are solutions to

max
f'C1 ;'C2 g2[0;1]

�Z c

c

Z c

c

1

� (1� z2)

�Z c

c1

�
(1� z)�� ec1 + zc2 �

�
1� 'C1

�
H (ec1)

+z
�
1� 'C2

�
H (c2)

�
dec1 + Z c

c2

�
(1� z)�� ec2 + zc1 �

�
1� 'C2

�
H (ec2)

+z
�
1� 'C1

�
H (c1)

�
dec2� f (c1) f (c2) dc1dc2 � �

�
'C1
�
� �

�
'C2
�	
,

which implies from �rst-order conditions

'C
�

1 = 'C
�

2 � 'C
�
= (� 0)

�1
�

E [H2]

� (1 + z)

�
< 'C

by (32) as �
00
> 0. Centralization yields an overinvestment in lobbying in

equilibrium, since each �rm does not internalize the loss it imposes on the
other.26 As di¤erence between 'C and 'C

�
increases in z, the interdependence

between markets increases the upward distortion in lobbying investment.
Conversely, decentralization reduces regulatory bias to industry�s pro�ts since
it removes competition between �rms in the lobbying market.
26Like in a standard Prisoner�s Dialemma problem, joint pro�t maximiza-

tion clearly makes both �rms better o¤. Integrating by parts, �rm i�s ex-
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5.4. Welfare comparisons

The above considerations imply that there is a signi�cant trade-o¤ to be
considered. In a sense, centralization is "obviously" preferable under full
information, in that a benevolent regulator will be better able to achieve
the social goals when the actions in the two markets are fully coordinated.
However, things may be di¤erent under asymmetric information. This is
especially true as centralization spurs lobbying activity, which can be self-
defeating: the very notion of a benevolent regulator is undermined by �rms�
pressures.
We start comparing price levels, which will prove to be crucial to the

overall results. After de�ning  (ci) � ��ci�
�
1� 'D

�
H (ci) (with  (:) > 0

as qDi > 0), we derive from (25) and (29) of equilibrium the di¤erence in
expected prices between the two regimes, which it is useful to write as27

E
�
pDi
�
� E

�
pCi
�
= �zE [ ]��' (z)E [H] = �I (z) + L (z) , (33)

with

I (z) � zE [ ] � 0 (34)

and

L (z) � ��' (z)E [H] � 0, (35)

where the expression in (35) is non-negative by Proposition 2. Notice from
(33) that the impact of substitutability on equilibrium (expected) prices is
now twofold. The term I (z) captures the �(direct) market interdependence
e¤ect� under asymmetric information, which yields ceteris paribus lower
prices under decentralization, as in the case of full information. The �lobby-
ing e¤ect�, represented by L (z), can be seen as a second, indirect e¤ect of
substitutability, which plays a role only in case of asymmetric information

tra pro�t (in expected terms) is after some manipulations E
h
�C

�
i
� E

�
�C
�
=

'C
�
�'C

�(1�z2)
R c
c

R c
c

h
(H (ci))

2 � zH (ci)H (cj)
i
f (ci) f (cj) dcidcj � �

�
'C

�
�
+ �

�
'C
�
. By Tay-

lor expansion we can write �
�
'C
�
� �

�
'C

�
�
+
�
'C � 'C�

�
�
0 �
'C
�
. Substituting (31)

implies E
h
�C

�
i
� E

�
�C
�
= z '

C�'C
�

�(1�z2)
R c
c

R c
c
H (ci)H (cj) f (ci) f (cj) dcidcj > 0:

27Notice that i.i.d. costs imply E
�
pk1
�
= E

�
pk2
�
for k 2 fC;Dg.
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and entails that prices under centralization are lower than under decentral-
ization. A single regulator will be exposed to competition between �rms in
the lobbying market and will thus be more pro�t oriented; she will decrease
prices in order to increase production and distribute higher informational
rents.
Notice from (33) that asymmetric information in�uences the two e¤ects

in the same direction. On the one hand, it mitigates the market interdepen-
dence e¤ect, which is now weaker (I < I from (19) and (34)), since the price
distortion from asymmetric information (even in the absence of any di¤erence
in lobbying activities) is higher under decentralization (see from (25) and (29)
in expected terms with L = 0 that (1 + z) (1� ')E [H] > (1� ')E [H]).
On the other hand, asymmetric information yields a lobbying e¤ect, which
decreases prices under centralization. Therefore, due to asymmetric infor-
mation, prices increase in both regimes. However, they rise more under de-
centralization than under centralization. When this distortion due to asym-
metric information is large enough, the full information result in (18) may
well be reversed.
In order to establish our main results, it is useful to �rst consider the

following intermediate step.

Lemma 5 De�ne the function � (z) : [0; 1) ! R as � (z) � E
�
pDi
�
�

E
�
pCi
�
= ��' (z)E [H] � zE [ ] = L (z) � I (z). Then, the following is

true:
(a) � (0) = 0
(b) � (:) is initially (strictly) decreasing, i.e. �

0
(0) < 0, and then (strictly)

increasing, i.e. �
0
(z) > 0 for z large enough

(c) � (:) is (strictly) convex, i.e. �
00
(:) > 0

(d) if E [H] > � zE[ ]
�'(z)

for some z 2 (0; 1) there exists a unique value of
z (call it z�) such that � (z�) = 0
(e) � (z) > 0 if and only if z 2 (z�; 1) :

Notice from (33) that the function � (:) represents the di¤erence between
the lobbying e¤ect and the market interdependence e¤ect. If � is positive
(negative), then the former (latter) force dominates, which yields lower prices
under centralization (decentralization).
Points (a) to (c) of Lemma 5 are straightforward consequences of the de�-

nitions of  (:) and �' (z) (see Proposition 2). The remaining points (d) and
(e) stress that the lobbying e¤ect prevails over the market interdependence
e¤ect, i.e. � (:) > 0, if goods are substitutes enough, i.e z 2 (z�; 1). This can
be the case when the cost distribution makes the lobbying e¤ect su¢ ciently
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active, i.e. E [H] > � zE[ ]
�'(z)

.28 Otherwise, the market interdependence e¤ect
always prevails, and centralization yields higher prices (see (33)), as under
full information. For this reason, we focus hereafter on the case in which a
threshold value z� 2 (0; 1) exists. The immediate implication of Lemma 5 is
that decentralization increases equilibrium prices as long as substitutability
among the goods is high enough, i.e. z 2 (z�; 1).
Expected prices will prove to be crucial for our analysis but clearly they

are not exhaustive. The idea is that the expected welfare of each agent is also
a¤ected by other statistics (second moments) of the price (quantity) distri-
bution arising from the original cost distribution, like (co)variances between
prices.29 As Appendix E shows, their e¤ect turns out to be of the second
order, and they do not a¤ect qualitatively the results on welfare comparisons
driven by the impact of the lobbying and market interdependence e¤ects on
expected prices.
We are now in a position to state our main �ndings, which we will then

discuss in di¤erent steps.

Proposition 3 There exist threshold values for z, one for the welfare of each
agent, above which decentralized regulation with asymmetric information
i) decreases expected consumer surplus, i.e. E

h
CS

D
i
< E

h
CS

C
i

ii) decreases expected pro�ts, i.e. E
�
�D
�
< E

�
�C
�

iii) decreases expected subsidies, i.e. E
h
S
D
i
< E

h
S
C
i

iv) increases expected social welfare, i.e. E
h
W

D
i
> E

h
W

C
i
.

There are threshold values for z, one for the welfare of each agent, below
which the opposite holds.

These results corroborate the implications of our full information analy-
sis, with the additional trade-o¤ driven by the lobbying e¤ect. Because of
asymmetric information, lobbying becomes potentially e¤ective, and we know
from Proposition 2 that decentralization decreases the incentive to lobby.
Notice from (34) and (35) that the lobbying e¤ect increases with z faster
than the market interdependence e¤ect. While the impact of substitutability
on the latter e¤ect is constant (equal to E [ ]), the weight on pro�ts un-
der centralization increases at an increasing rate (see Proposition 2) because
competition in the lobbying market aggravates the negative externality one
�rm imposes on the other. When goods are substitutes enough, the strength

28This occurs with commonly used probability distributions, like the power distribution.
29The utility of each agent in (2), (4) and (6) is not linear in prices (quantities), and

then (co)variances are also needed for the derivation of expected values.
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of the lobbying e¤ect induces the Congress to prefer decentralization, which
alleviates capture problem by removing competition for lobbying.
Appendix E shows the relevant threshold values for z, which prove to be

crucial in the welfare analysis. We know from Lemma 5 that decentralization
yields higher prices for values of substitutability large enough. Points (i) and
(ii) of Proposition 3 reveal that this penalizes not only consumers and but
also �rms, as their rents depend positively on output levels. As rents largely
come from taxpayers, this category�s interests go in the opposite direction
(point (iii)) and prevail in the social welfare analysis (point (iv)). To give
the intuition for this result, we derive the (expected) prices which maximize
social welfare. Since from (6) and (8) the Congress�objective corresponds to
that of a unique regulator with 'C = 0, we immediately �nd from (29) that
E
�
pSWi

�
= E [c] + E [H], i = 1; 2 (costs are i.i.d.). Then, we compute from

(25) and (29)

E
�
pSWi

�
� E

�
pDi
�
= zE [ ] + 'DE [H]

and

E
�
pSWi

�
� E

�
pCi
�
= 'C (z)E [H] .

Notice that both regimes yield lower prices than those maximizing social
welfare. When the lobbying e¤ect dominates, i.e. ��'E [H] > zE [ ], de-
centralization ensures less distorted prices, which implies that it is (socially)
preferred if substitutability is su¢ ciently high. Centralization will clearly
perform better if goods are weakly substitutes, that is, when the dominant
market interdependence e¤ect induces prices which are closer to social welfare
maximization.
The contrast of interests between consumers and shareholders, on the

one hand, and taxpayers, on the other hand, appears in the whole regulation
literature since Baron and Myerson [1982]. Relative to a single market regu-
lation, here we compare two di¤erent regimes and this comparison highlights
aspects, which in other analyses remain implicit. This allows us to give some
predictions when the Congress also can be captured by �rms. In this case,
it will promote a decision that clearly bene�ts �rms and consumers but can
hurt taxpayers and the society as a whole.
The result in Proposition 3 suggests that with interdependent markets

decentralization can be a reasonable structural response to non-benevolent
regulation since it mitigates the capture problem in the delegation of the
regulatory authority. When substitutability between goods is high enough,
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the trade-o¤ between the market interdependence e¤ect and the lobbying
e¤ect implies that the Congress will �nd it desirable to decentralize market
regulation.

6. 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.
Our analysis has shown that under full information, where lobbying is

inactive, centralized (cooperative) regulation is the best solution in terms of
social welfare. This intuitive result covers a distributional aspect of some
interest. Two di¤erent agencies, each regulating a single market, set lower
prices than a single authority. This market interdependence e¤ect de�nitely
bene�ts consumers but it increases the amount of subsidies, which is social
welfare detrimental.
However, these results may no longer hold under asymmetric cost infor-

mation as a unique regulator is more distorted to �rms�interests as a result
of competition at the lobbying stage. In this case, a trade-o¤ emerges in
equilibrium between the market interdependence e¤ect and the lobbying ef-
fect. When the substitutability between goods is high enough, the latter
e¤ect outweighs the former and decentralizing the regulatory structure turns
out to be social welfare enhancing. Hence, a decentralized (noncooperative)
regime can be a good response to non-benevolent regulation since it alleviates
the capture problem.
We believe that much scope exists for future research in this �eld and our

suggestions could be helpful for the design of organizations even outside a
regulatory environment.

Appendix A

After replacing the choice variable Si with �i from (4), the regulator�s opti-
mization problem in (10) may be written as follows

max
fqi;�ig

�
�qi + �qj �

1

2

�
�q2i + 2qiqj + �q2j

�
�pj (qi; qj) qj � C (qi)�

�
1� 'Di

�
�i
�

s:t: (PCi):

Since the maximand is decreasing in �i, we �nd �Di = 0. Optimizing with
respect to qi yields the following �rst-order condition
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�� �qi � ci = 0.

Appendix B

We replace the choice variables S1 and S2 from (4) with �1 and �2, respec-
tively. The regulator�s optimization program in (14) may be rewritten as
follows

max
fq1;�1;q2;�2g

�
�q1 + �q2 �

1

2

�
�q21 + 2q1q2 + �q22

�
� C (q1)

�C (q2)�
�
1� 'C1

�
�1 �

�
1� 'C2

�
�2
�

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

Since the maximand is decreasing in �1 and �2, we �nd �C1 = �C2 = 0.
Optimizing with respect to qi yields the following �rst-order condition

�� �qi � qj � ci = 0.

Appendix C

We replace the choice variable Si (:) with �i (:) from (4) as shown in Appendix
A. Then, substituting (ICC

0
i) into (23) and integrating by parts yields

max
fqi(ci);�i(c;:)g

Z c

c

Z c

c

�
�qi (ci) + �qj (cj)�

1

2

�
�q2i (ci) + 2qi (ci) qj (cj)

+�q2j (cj)
�
� pj (qi (ci) ; qj (cj)) qj (cj)� C (qi (ci))

�
�
�
1� 'Di

�

�
�
F (ci)

f (ci)
qi (ci) + �i (c; :)

��
f (ci) f (cj) dcidcj s:t:

Z c

c

�i (c; :) f (cj) dcj � 0:

Since the maximand is decreasing in �i (c; :), we �nd
R c
c
�i (c; :) f (cj) dcj =

0. Optimizing pointwise with respect to qi (:) yields the following �rst-order
condition

�� �qi (ci)� ci �
�
1� 'Di

�
= 0.
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Appendix D

We replace the choice variables S1 (:) and S2 (:) with �1 (:) and �2 (:) from
(4) as shown in Appendix B. Then, substituting (ICC1) and (ICC2) into (26)
and integrating by parts yields

max
fq1(c1;c2);�1(c;:);q2(c1;c2);�2(c;:)g

Z c

c

Z c

c

�
�q1 (c1; c2) + �q2 (c1; c2)�

1

2

�
�q21 (c1; c2)

+2q1 (c1; c2) q2 (c1; c2) + �q22 (c1; c2)
�
�C (q1 (c1; c2))�C (q2 (c1; c2))�

�
1� 'C1

�

�
�
F (c1)

f (c1)
q1 (c1; c2) + �1 (c; :)

�
�
�
1� 'C2

��F (c2)
f (c2)

q2 (c1; c2) + �2 (c; :)

��

�f (c1) f (c2) dc1dc2 s:t:

Z c

c

�i (c; :) f (cj) dcj � 0, i = 1; 2:

As the maximand decreases in �i (c; :), we �nd
R c
c
�i (c; :) f (cj) dcj = 0.

Optimizing pointwise with respect to qi (:) yields the following �rst-order
condition

�� �qi (ci; cj)� qj (ci; cj)� ci �
�
1� 'Ci

�
H (ci) = 0.

Appendix E

Consumer surplus Expected consumer surplus in (2) can be written
after some manipulations as

E [CS] =
1

2
�E
�
q21
�
+
1

2
�E
�
q22
�
+ E [q1q2]

= �
�
(E [q])2 + var [q]

�
+ 

�
(E [q])2 + cov [q1; q2]

�
, (36)

where var [:] and cov [:] are the variance and covariance operators respectively,
and second equality comes from the assumption of i.d.d. costs.30

30We drop the index i when i.i.d. costs allow us to focus on the value of a variable in
one market.
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Using (36) expected consumer surplus under decentralization and cen-
tralization is equal respectively to

E
h
CS

D
i
=
1 + z

�
(E [ ])2 +

var [ ]

�
(37)

E
h
CS

C
i
=

�
�� E [c]�

�
1� 'C

�
E [H]

�2
� (1 + z)

+
var

�
c+

�
1� 'C

�
H
�

� (1� z2)
. (38)

After substituting (24) and (27) of equilibrium into (37) and (38), the

di¤erence in expected consumer surplus �E
�
CS
�
= E

h
CS

D
i
� E

h
CS

C
i

between the two regimes is given by

�E
�
CS
�
=
zE [ ] + �'E [H]

� (1 + z)
((2 + z)E [ ]��'E [H])

+

 
var [ ]

�
�
var

�
c+

�
1� 'C

�
H
�

� (1� z2)

!
= ECS + V CS, (39)

where ECS is the term on the �rst line of (39) driven by expectations and V CS

is the term on the second line arising from variances. Notice that ECS (which
equals zero for z = 0) is positive if zE [ ] > ��'E [H], that is, when the
market interdependence e¤ect more than compensates the lobbying e¤ect,
which occurs for z 2 (0; z�) (Lemma 5 of the paper). Taking the derivative
of V CS yields

@V CS

@z
= 2

@'C

@z
(1� z2)

�
cov [c;H] +

�
1� 'C

�
var [H]

�
� zvar

�
c+

�
1� 'C

�
H
�

� (1� z2)2
.

(40)

Expression (40) shows that V CS (which equals zero for z = 0) changes

at a lower rate than ECS for z low enough ( @'
C

@z

���
z=0

= 0, see (32)). This

implies that there exists a threshold value zDCS such that for z 2
�
0; zDCS

�
we

have ECS > V CS, and then decentralization increases (expected) consumers
welfare. Notice that ECS is negative if ��'E [H] > zE [ ], that is, when
the lobbying e¤ect prevails, which occurs for z 2 (0; z�). For z high enough,
V CS will also become negative ((1� z2) var [ ] < var

�
c+

�
1� 'C

�
H
�
),

and then there exists another threshold value zCCS such that for z 2
�
zCCS; 1

�
centralization is consumer welfare improving.
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Pro�ts From (ICC
0
i) of equilibrium, expected pro�ts can be written

after integrating by parts as

E [�] = E [H]E [q] + cov [H; q] . (41)

Substituting (24) and (27) of equilibrium into (41) yields after some ma-
nipulations

E
�
�D
�
=
E [ ]E [H]

�
�
cov [c;H] +

�
1� 'D

�
var [H]

�
(42)

and

E
�
�C
�
=
�� E [c]�

�
1� 'C

�
E [H]

� (1 + z)
E [H]

�
cov [c;H] +

�
1� 'C

�
var [H]

� (1� z2)
. (43)

Subtracting (43) from (42) yields after some manipulations

�E [�] � E
�
�D
�
� E

�
�C
�
=

E [H]

� (1 + z)
(zE [ ] + �'E [H])

+
z2
�
cov [c;H] +

�
1� 'D

�
var [H]

�
+�'var [H]

� (1� z2)
= E� + V �, (44)

where E� is the term on the �rst line of (44) driven by expectations and V �

is the term on the second line arising from variances. Notice that E� (which
equals zero for z = 0) is positive if zE [ ] > ��'E [H], that is, when the
market interdependence e¤ect more than compensates the lobbying e¤ect,
which occurs for z 2 (0; z�). It is immediate to see that V � (which equals
zero for z = 0) changes at a lower rate than E� for z low enough. This
implies that there exists a threshold value zD� such that for z 2

�
0; zD�

�
we have E� > V �, and then decentralization increases (expected) pro�ts.
Notice that E� is negative if ��'E [H] > zE [ ], that is, when the lobbying
e¤ect prevails, which occurs for z 2 (0; z�). For z high enough, a su¢ ciently
powerful lobbying e¤ect can make V � also negative (which occurs for var [H]
large enough), and then there exists another threshold value zC� such that
for z 2

�
zC� ; 1

�
centralization increases pro�ts. Notice that the interests of

consumers and �rms go in the same direction.
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Social welfare Using (6) expected social welfare can be written after
some manipulations as

E [W ] = 2 (�� E [c]� E [H])E [q]� 2 (cov [c; q] + cov [H; q])

�� (1 + z) (E [q])2 � �var [q]� cov [q1; q2] (45)

Using (24) and (27) of equilibrium yields

E
h
W

D
i
= 2

�� E [c]� E [H]

�
E [ ]� 1 + z

�
(E [ ])2

+
var [c] + 2cov [c;H] +

�
1�

�
'D
�2�

var [H]

�
(46)

and

E
h
W

C
i
= 2

�� E [c]� E [H]

� (1 + z)

�
�� E [c]�

�
1� 'C

�
E [H]

�

�
�
�� E [c]�

�
1� 'C

�
E [H]

�2
� (1 + z)

+
var [c] + 2cov [c;H] +

�
1�

�
'C
�2�

var [H]

� (1� z2)
. (47)

Subtracting (47) from (46) yields the di¤erence in expected social welfare

�E
�
W
�
� E

h
W

D
i
� E

h
W

C
i
, which can be written as

�E
�
W
�
=
zE [ ] + �'E [H]

� (1 + z)

�
�'E [H]� zE [ ]� 2'DE [H]

�

�z2
var [c] + 2cov [c;H] +

�
1�

�
'D
�2�

var [H]

� (1� z2)
��' '

D + 'C

� (1� z2)
var [H] . (48)
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Combing terms in (48) we get

�E
�
W
�
=
zE [ ] + �'E [H]

� (1 + z)

�
�'E [H]� zE [ ]� 2'DE [H]

�

�z2
var [ ] + 2'D

�
1� 'D

�
var [H] + 2'Dcov [c;H]

� (1� z2)

+
(�')2 var [H]� 2'D�'var [H]

� (1� z2)
,

which �nally yields

�E
�
W
�
=
zE [ ] + �'E [H]

� (1 + z)

�
�'E [H]� zE [ ]� 2'DE [H]

�

+
(�')2 var [H]� 2'D�'var [H]

� (1� z2)

�z2
var [ ] + 2'Dcov [c;H] + 2'D

�
1� 'D

�
var [H]

� (1� z2)
= ESW +V SW , (49)

where ESW is the term on the �rst line of (49) driven by expectations and
V SW is the term on the other two lines arising from variances. Notice that
ESW is positive if ��'E [H] > zE [ ] (the term in round brackets is neg-
ative), which occurs if the lobbying e¤ect prevails over the market interde-
pendence e¤ect, i.e. for z 2 (z�; 1). The term V SW can also be positive for
z high enough, which can be the case for ��'var [H] large enough. Hence,
there exists a threshold value zDSW such that for z 2

�
zDSW ; 1

�
decentralization

improves (expected) social welfare. Conversely, ESW (which equals zero for
z = 0) is negative if zE [ ] > ��'E [H], that is, when the market inter-
dependence e¤ect dominates, which occurs for z 2 (0; z�). It is immediate
to see that V SW (which equals zero for z = 0) changes at a lower rate than
ESW for z low enough. This implies that there exists a threshold value zCSW
such that for z 2

�
0; zCSW

�
centralization improves social welfare.

Finally, notice that these results go in the opposite direction of what we
have found about consumer surplus and pro�ts. This means that taxpayer
interests prevail in social welfare, and then there exist threshold values zCS and
zDS such that for z 2

�
0; zCS

�
centralization gives lower (expected) subsidies

and for z 2
�
zDS ; 1

�
the opposite occurs.
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Appendix F

With perfectly correlated costs, i.e. c1 = c2 = c, distributed according a den-
sity function f (c), the participation and incentive compatibility constraints
reduce to

�i (c) � 0 (50)

�i (c) = �i (c) +

Z c

c

qi (ec) dec. (51)

Despite the assumption of perfectly correlated costs, the regulator is not
able to extract information from �rms costlessly. As the literature on yard-
stick competition has long ago emphasized, this may depend on a number of
sensible reasons, like limited liability constraints which prevent the regulator
from punishing the cheating �rm.31

At the second stage, a decentralized regulator maximizes (10) in expected
value subject to (50) and (51). Following the same approach as in Appendix
C we �nd after some manipulations

qDi
�
'Di
�
=
1

�

�
�� c�

�
1� 'Di

�
H (c)

�
, (52)

which is equal to (24) for c1 = c2 = c. In line with Appendix D, from (8)
centralized regulation yields32

qCi
�
'Ci ; '

C
j

�
=
�� c�

�
1� 'Ci

�
H

� (1 + z)
+ z

'Ci � 'Cj
� (1� z2)

H, (53)

which corresponds to (27) for c1 = c2 = c.

31See on this topic the seminal contribution of Demski and Sappington [1984]. Sequential
regulation could allow to save informational rents, since the second �rm would be given
zero pro�ts. It can be easily shown that this does a¤ect qualitatively our results, the
only di¤erence being that the lobbying e¤ect would be active only in the market regulated
�rst (where asymmetric information persists). As long as the Congress does not have the
power to impose (and monitor the implementation of) this regulatory timing, sequential
regulation will never be pursued, since it reduces the amount of contributions the regulator
gets from lobbying.
32Notice that the incentive compatibility constraints have the same form as with decen-

tralization.
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Lobbying activity at the �rst stage clearly yields the same outcome as
with i.i.d. costs (see Proposition 2) since it takes place before �rms know
their private information. Using (52) and (53) of equilibrium, we get after
some manipulations

E
�
pD
�
� E

�
pC
�
= ��'E [H]� zE [ ] = �I (z) + L (z) , (54)

where I (z) and L (z) are de�ned by (34) and (35). It is immediate to see
that the results in Lemma 5 derived for i.i.d. costs also apply to the case
of perfect correlation. We now compare the two regimes, focusing on social
welfare.
Substituting (52) and (53) of equilibrium into (2) we �nd after some

manipulations the di¤erence in expected consumer surplus between decen-
tralization and centralization

�E
�
CS
�
=
E
�
z (2 + z) 2 +�'H (2 ��'H)

�
� (1 + z)

.

which yields after some computations

�E
�
CS
�
=
E [(z +�'H) (z ��'H + 2 )]

� (1 + z)
: (55)

Replacing (52) and (53) of equilibrium into (4), we obtain the di¤erence
in expected subsidies between the two regulatory regimes

�E
�
S
�
=
E
�
z 
�
(1 + z) + 'DH

�
+�'H

�
 + 'CH

��
� (1 + z)

.

which implies after some manipulations

�E
�
S
�
=
E
�
(z +�'H)

�
��'H + (1 + z) + 'DH

��
� (1 + z)

: (56)

Using (55) and (56) we compute the di¤erence in expected social welfare

�E
�
W
�
=

1

� (1 + z)
E
�
(�'H + z )

�
�'H � z � 2'DH

��
,
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which can be written after some computations

�E
�
W
�
=
�'E [H] + zE [ ]

� (1 + z)

�
�'E [H]� zE [ ]� 2'DE [H]

�

+
(�')2 var [H]� 2'D�'var [H]� z2var [ ]� 2'Dzcov [H; ]

� (1 + z)
. (57)

Notice from (49) and (57) that the assumption of perfectly correlated
costs clearly a¤ects the di¤erence in (expected) social welfare between the
two regimes. However, this is only a minor change, since the lobbying and
market interdependence e¤ects still drive the results in the same direction as
with i.i.d. costs. The �rst term is negative when the latter e¤ect dominates,
i.e. zE [ ] > ��'E [H], which occurs z 2 (0; z�). Notice that the second
term changes at a lower rate than the �rst one for z low enough. This implies
that there exists a threshold ezCSW such that for z 2

�
0; ezCSW � centralization

improves (expected) social welfare. Conversely, the �rst term is positive
when the lobbying e¤ect pravails, i.e ��'E [H] > zE [ ] or z 2 (z�; 1).
The second term also can be positive for z high enough (when var [H] is
su¢ ciently large), so there exists a threshold ezCSW such that for z 2

�ezDSW ; 1�
decentralized regulation will be socially preferred.
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