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Abstract
This paper examines the regulatory design of interdependent markets for substitutable
goods, when regulated …rms engage in lobbying activities. Under centralized regulation,
a single regulator is established, whose mandate is to maximize aggregate welfare. Under
decentralized regulation, each market is assigned to a regulator charged with maximizing
welfare in that market. With asymmetric cost information, centralized regulation results in
a negative externality between …rms when engaging in lobbying. Decentralized regulation
removes this externality and reduces lobbying. Since this bene…t comes at the cost of a
market coordination failure, a trade-o¤ results which favors decentralized regulation when
goods are substitutes enough.
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1. Introduction
Should a country establish a single energy regulator, or rather di¤erent agencies for gas and
electricity? Is it better to have a single transport authority, or rather a regulator for railways
separate from those regulating motorways or airports?
Our paper provides an attempt to explore this issue, focusing on how to devise the regulatory
structure of interdependent markets with substitutable goods. In this setting, we examine the
possibility that regulation is susceptible to lobbying by the industry. Regulated …rms typically
exert pressure activities on regulators in several manners, for instance by organizing events or
presenting position papers which try to support the idea that the country’s long term interests
by and large coincide with their own interests.
In practice, a number of countries, such as the UK, France and Italy, have established a single
energy authority for electricity and gas. In the UK, the regulation of railways, motorways
and airports has been split among di¤erent agencies. Other countries have adopted a more
centralized regulatory structure. For instance, the Canadian Transportation Agency oversees
air and rail services. Furthermore, some agencies jointly regulate electricity, gas and railways,
such as the Bundesnetzagentur (Federal Network Agency) in Germany and some State Public
Utility Commissions in the US.
In this paper, we study the regulatory design of interdependent markets where two monopolists operate by providing substitutable goods and can engage in lobbying activities. Two
regulatory structures are investigated. Under centralized regulation, a single regulator controls
the whole market and is charged with maximizing aggregate social welfare. Under decentralized
regulation, two agencies regulate one market each and are assigned the mandate to maximize
the welfare generated in their own market.
In the absence of regulatory informational constraints, regulated …rms cannot obtain rents
in equilibrium and therefore they do not have any incentive to lobby the relevant regulator.
Clearly, we …nd that centralized regulation outperforms decentralized regulation, which entails
a miscoordination cost since the regulator for one market neglects the welfare generated in the
other market.
This natural result may be reversed when the regulator is not omniscient. In practice,
…rms usually have a privileged knowledge of their costs. It is well established in the incentive
regulation literature (e.g., Baron and Myerson 1982; La¤ont and Tirole 1986) that regulated
…rms can command some rents from their private information. In our setting, this implies that
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each …rm exhibits an incentive to lobby the relevant regulator in order to increase its rents.
Speci…cally, it undertakes lobbying expenditures aimed at persuading the regulator to increase
the weight attached to the …rm’s pro…ts in the regulatory objective function. Clearly, this yields
a distortion of regulation towards the …rm’s interests. We show that, in a centralized regulatory
setting, each …rm imposes a negative externality upon the other when engaging in lobbying
activities. As goods are substitutes, a higher quantity (and a higher pro…t) from the …rm’s
lobbying activities in one market reduces the social value of the good in the related market.
Since a single regulator internalizes this e¤ect, a lower quantity (and a lower pro…t) results for
the …rm operating in the related market. Consequently, a negative externality between …rms
arises when engaging in lobbying activities. This entails an overinvestment in lobbying, since
each …rm lobbies the single regulator excessively. The lobbying problem is more severe with a
higher degree of substitutability between goods.
A decentralized regulatory structure alleviates lobbying activities, because the regulator in
one market does not internalize the welfare generated in the other market and this removes the
negative lobbying externalities between …rms. Consequently, the lobbying problem is mitigated
at the cost of a market coordination failure. Since centralized regulation aggravates the lobbying
problem with higher degrees of substitutability, decentralized regulation entails a trade-o¤ that
is welfare improving when goods are substitutes enough.
Our analysis emphasizes the relevance of lobbying activities for the optimal allocation of
regulatory responsibilities, and provides testable predictions about the levels of lobbying that
will arise under di¤erent regulatory structures and in the presence of di¤erent degrees of product
heterogeneity. Although the focus is on a regulatory setting, our results may also shed some
light on the broader issue of power separation in governments and organizations.

2. Related literature
The regulatory design of interdependent markets is an issue which, despite its theoretical and
empirical relevance, has been only touched by the literature on optimal regulation, so that
several gaps remain.1
The economic literature has explored the relationship between one regulated …rm and an
administrative structure which may consist of one or more agencies. One of the …rst papers
on this topic is Baron (1985), which examines the regulation of a non-localized externality by
1

We refer to Armstrong and Sappington (2007) for a survey on optimal regulation.
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two di¤erent agencies and compares the non-cooperative equilibrium with the case where the
agencies are allowed to coordinate their activities. Contrary to our work, regulation involves
only one …rm and regulatory capture is not an issue. Another model closely related to ours
is Martimort (1996), which builds on Baron (1985) by adding the possibility that the …rm,
regulated by two agencies, may lobby to capture their benevolence. The main result is that the
duplication of non-benevolent regulators may improve social welfare.
Along these lines, La¤ont and Martimort (1999) consider the problem of monitoring a regulated …rm which has private information about some pieces of its activity. They …nd that
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 is desirable since it
reduces regulatory discretion in engaging in socially wasteful activities. In our paper, we show
that decentralized regulation mitigates the capture problem in the presence of interdependent
markets because it removes the negative externalities each …rm imposes upon the other when
engaging in lobbying activities.2
The terms “centralization”and “decentralization”have been used with substantially di¤erent meanings from the one we adopt. For instance, a relevant stream of literature analyzes the
optimal “vertical” structure of economic organizations.3 La¤ont and Martimort (1998) show
that under certain conditions a decentralized hierarchical structure can alleviate the problem of
collusion if there are limits on communication between the principal and the agents. Another related aspect that the literature investigates is whether regulation should be implemented by one
“national” government (centralization) or by “local” authorities (decentralization).4 With this
literature we share the assumption that the delegation process is imperfect, and that regulators
may exhibit private agendas. However, the main results are driven by substantially di¤erent
forces from those operating in our setting, where the interdependencies between markets and
regulatory capture are basic ingredients.
The literature on strategic delegation is also relevant for our purposes. The seminal papers
of Vickers (1985), Fershtman (1985), Fershtman and Judd (1987), and Sklivas (1987) show
2

Martimort (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. In a model which examines the demand and supply for regulation, Mulligan and Shleifer
(2005) emphasize the role of population size and argue that larger jurisdictions tend to establish more regulators
since they incur lower …xed costs.
3
We refer to Poitevin (2000) for a review on this topic.
4
See e.g. Bardhan and Mookherjee (2000) and La¤ont and Pouyet (2004). Jullien et al. (2010) analyze the
relationship between a national regulator and a local government in a setting where investments in a new network
are undertaken.

4

that a …rm’s pro…t maximizer owner may …nd it optimal to provide managers with incentives
that di¤er from his own preferences. Along these lines, in our paper decentralized regulation is
assigned an objective which diverges from aggregate social welfare. However, di¤erently from
the aforementioned contributions, in our setting strategic delegation aims at removing negative
externalities from lobbying.
Our work is …nally related to the well-known capture theory of economic regulation, whose
seminal contribution traces back to Stigler (1971). Following his paradigm, we assume that the
industry is able to mobilize regulatory powers to obtain favors since it has greater incentives
than dispersed consumers and taxpayers with a low per-capita stake to get organized in order
to exercise political in‡uence.5
After Stigler, a wide literature has developed, and we refer to Dal Bò (2006) for a broad
survey. To our aims, a particularly relevant paper is Grossman and Helpman (1994). In line
with their approach, we suppose that regulated …rms engage in lobbying activities and then
the regulator sets a policy. That paper 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 possible 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 government may choose into a contribution level. Afterwards, the government
sets a policy and collects from each lobby the contribution associated with the policy in order
to maximize a weighted sum of total political contributions and aggregate social welfare.
The rest of the paper is organized as follows. Section 3 sets out the formal model. Section
4 considers the full information benchmark, where centralized regulation is welfare superior.
Section 5 examines the case of asymmetric information and shows that under certain circumstances decentralized regulation is welfare improving since it acts as an institutional device to
mitigate regulatory capture. Section 6 concludes. All proofs are provided in the Appendix.

3. The model
Preferences and markets

We investigate a setting with two interdependent markets for

substitutable goods. Following Singh and Vives (1984), the consumer surplus gross of payments
5
Many of these issues (separation of powers and lobbying) are particularly relevant in developing countries
(e.g., Bardhan and Mookherjee 2006). Estache and Wren-Lewis (2009) provide a critical survey of the numerous
problems at stake.

5

to …rms can be expressed as follows

U (q1 ; q2 ) = q1 + q2

1
2

q12 + 2 q1 q2 + q22 ,

where qi is the quantity for good i = 1; 2 and ,

> 0. The parameter

(1)

2 [0; ) denotes the

degree of substitutability between goods.
The markets are run by regulated monopolies. The pro…t of …rm i = 1; 2 gross of lobbying
costs (see below) is

i (qi ; Ti )

= Ti

Ci (qi ) ,

(2)

where Ti represents the transfer payment to …rm i via the regulatory process. The total cost
of …rm i is Ci (qi ) = ci qi + f , where ci 2 [c; c] denotes the marginal cost of …rm i and f > 0
is the (common) …xed cost of production. Each …rm privately knows its costs ci . We assume
that costs are independently and identically distributed (i.i.d.) according to a (continuous and
di¤erentiable) cumulative distribution function F (ci ) : [c; c] ! [0; 1].
Social preferences are represented by

W (q1 ; T1 ; q2 ; T2 ) = U (q1 ; q2 )

T1

T2 ,

(3)

which aggregates consumer surplus net of transfers to …rms.6 The market control involves two
layers, a political one and an administrative one. The political entity, which we label “Congress”,
maximizes the welfare standard in (3) and decides on the structure of the institutions that
regulate the markets at stake. This is in line, among others, with La¤ont and Tirole (1990),
who assume that regulatory institutions result from a constitution drafted by some benevolent
“founding fathers” or “social planners”.
6

Notably, Never and Röller (2005) suggest a consumer standard such as in (3) in the presence of lobbying.
Notice that (3) is a social welfare function à la Baron and Myerson (1982) with zero weights on pro…ts. Baron
(1988) provides theoretical foundations for a greater regulatory concern with consumer welfare than …rm pro…ts.
Without loss of generality, we neglect in (3) the shadow cost of public funds (e.g., La¤ont and Tirole 1986) due
to distortionary taxation that …nances transfers to …rms. This cost increases unnecessarily further the weight
of taxation in the social welfare function, without a¤ecting the qualitative results (Armstrong and Sappington
2007).
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Regulation Market regulation is delegated to an administrative entity. In a centralized
setting, a single regulator is assigned the mandate to maximize aggregate social welfare in (3).
In a decentralized setting, the mandate of a regulator for market i is to care about the welfare
generated in his own market, which is speci…ed as

Wi (qi ; Ti )

W (qi ; Ti ; 0; 0) = U (qi ; 0)

Ti .

This represents welfare arising in market i in isolation, namely, without considering the presence
of the other market (qj = Tj = 0). We show that Congress may …nd it optimal to assign
regulation a mandate which focuses on market-speci…c welfare rather than on aggregate welfare.7
Regulation can be partially captured by industries. The result of this partial capture is the
distortion of regulatory activity in favor of industry’s interests.8 Following Martimort (1996),
this is formalized as a weight on pro…ts in the regulatory objective function. The payo¤ of a
single regulator becomes

V c (q1 ; T1 ; q2 ; T2 ) = U (q1 ; q2 )

T1

T2 + 'c1

1

+ 'c2

2,

(4)

where 'ci 2 [0; 1] is the weight attached to …rm i’s pro…ts.
The payo¤ of a decentralized regulator for market i becomes

Vid (qi ; Ti ) = U (qi ; 0)

Ti + 'di i ,

(5)

where 'di 2 [0; 1] is the weight on …rm i’s pro…ts.9 It is worth stressing that the choice of
the objective function is not central to our analysis and the results we obtain. Signi…cantly,
7

The notion of market-speci…c welfare re‡ects the de…nition of “stand-alone”cost, which is the cost of providing
one service of a multiproduct …rm on its own, without producing any of the …rm’s other services. Signi…cantly,
in Appendix 2 we show that our qualitative results carry over if the regulator for each market maximizes welfare
for an exogenously given level of the output in the related industry (possibly di¤erent from zero). Finally, notice
that centralized regulation could achieve the same outcome as decentralized regulation if it were assigned the
mandate to maximize the welfare generated in each market. To this end, a centralized agency should establish
two di¤erent divisions, which act non-cooperatively and are charged with controlling one market each. This
entails a decentralized structure in line with the one described in our model.
8
Next subsection clari…es how this structure can be derived from standard lobbying models.
9
It is reasonable to assume that each …rm is able to capture only the regulator established in its market since
they have a direct relationship. Moreover, the mandate under decentralized regulation implies that the regulator
for market i ignores …rm j’s pro…ts irrespective of the weight attached (qj = Tj = 0).
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nothing substantial would change if we assumed that the social welfare function (i.e., Congress’
objective) in (3) exhibits a positive weight on pro…ts, and …rms lobby to increase that weight
in the regulatory objective functions (4) and (5).10
The regulatory instruments are the quantity and the transfer to the …rm in each market.11
In line with the optimal regulation literature (e.g., Baron and Myerson 1982; La¤ont and Tirole
1986), we assume that regulatory agencies are granted the command on resources to be used to
subsidize regulated …rms.12
Lobbying

Prior to the determination of the regulatory contract, the …rms can engage in

lobbying activities, trying to convince the regulator that he should bend the policy towards
the …rms’ interests. Lobbying can mean several things, including corruption. In our setting,
we feel that a much more typical situation is that regulated …rms try to persuade regulators
that their interests re‡ect to a large extent the country’s long term interests. Other approaches,
based on monetary contributions to decision makers, appear to be more appropriate to represent
the funding of political parties rather than the pressure exerted onto independent “technical”
regulators.
Following Martimort (1996), we assume that capture can only be partial, and that it materializes in the weights 'ci 2 [0; 1] and 'di 2 [0; 1] regulation attaches to pro…ts in the objective
functions (4) and (5). The …rms incur lobbying costs to distort regulation in favor of pro…ts.13
This approach enables us to endogenize Martimort’s (1996) black-box formulation of lobbying
and explicitly derive the regulatory weights on pro…ts.
Formally, each …rm faces a schedule ' 2 [0; 1] !
' 2

'ci ; 'di

cost function

into the amount of expenditure
(:) (with

(') 2 R+ which maps every pro…t weight

(:) needed to get that weight. The lobbying

(0) = 0) is increasing in ' (

0

> 0).14 This represents the intuitive

idea that the …rm must incur higher costs to induce the regulator to attach a greater weight
10

In our setting of imperfect delegation, Congress does not have time, resources and expertise to detect the
lobbying activities exerted by …rms and cannot provide the regulator with adequate monetary incentives to
completely internalize her objectives.
11
We do not consider prices in our model. This typically identi…es a procurement problem. Standard arguments
show that our results can be replicated in a more sophisticated setting where prices are also included.
12
Most EU countries envisage explicit subsidies to a large portion of regulated public transport …rms. US
railway companies receive federal funds (net of taxes paid) of the order of magnitude of one billion dollars per
year (see http://www.bts.gov/publications/federal_subsidies_to_passenger_transportation/).
13
This is in line with the rent-seeking literature (e.g., Tullock 1980), which assumes that the e¤ort of each contestant (…rm) a¤ects the share of “prize”(pro…ts) it receives. In his original formulation, Tullock (1980) assumes
that e¤ort increases the probability of winning, which can be interpreted as the share of prize. Interestingly,
contrary to Tullock, we endogenize the prize since pro…ts are the outcome of lobbying activities.
00
000
14
For technical concerns, we also assume
> 0 and
< 0.
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on its pro…ts. The shape of the lobbying cost function re‡ects the regulator’s attitude towards
listening to lobbies, which depends on a number of variables such as the personal objectives of
the regulatory sta¤ or the extent to which the regulator sincerely shares Congress’view on the
de…nition of social welfare.15
The cost of lobbying is …nanced through the pro…ts the …rm anticipates to receive. Hence,
each …rm chooses the weight which maximizes its (net) pro…ts. The weight the regulatory
regime (centralized or decentralized regulation) k 2 fc; dg attaches to the pro…ts of …rm i is
therefore the outcome of the following problem

max E

'ki 2[0;1]

h

k
i

'ki ; 'kj ; ci

i

'ki .

(6)

Following Stigler (1971), lobbying activities are such that in equilibrium their (expected) marginal bene…ts equal marginal costs. Expected pro…ts are relevant since lobbying takes place
before …rms know their costs. This re‡ects the idea of lobbying as a long term activity, aimed
at a¤ecting the long term regulatory attitude towards …rms, before they can learn the details
of their production costs.16
Our modeling strategy is formally in line with one of the seminal references for lobbying,
namely, Grossman and Helpman (1994). They model the objective function of a public decision
maker as a weighted sum of social welfare and contributions received from lobbies, which are
contingent on the policy chosen. An application of the Grossman and Helpman model to our
setting entails regulatory objective functions such as

Ve c = W (q1 ; T1 ; q2 ; T2 ) + a [B (

Veid = Wi (qi ; Ti ) + aB (

1 (q1 ; T1 ))

+B(

2 (q2 ; T2 ))]

i (qi ; Ti )) ,

where a is an exogenous weight on contributions B (:). Notice that the regulatory objective is
pro…t-biased in line with our model, which includes weighted pro…ts into the regulatory objective
15

The shape of the lobbying cost function is the same under the two regulatory regimes. This allows the
derivation of the results without imposing any arbitrary asymmetric bias to capture.
16
An opposite timing is sometimes used in the literature (La¤ont and Tirole 1993, ch. 11), when collusion
between the regulator and the …rm deals with the concealment of costs from the principal, which is not an issue
here. Our choice also removes signaling problems which would make the analysis less transparent.
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functions (4) and (5). This re‡ects the common idea that interest groups are motivated to make
contributions by the prospect of a¤ecting policy.
The main di¤erence is that in the Grossman and Helpman model contributions are paid
by the lobbies directly contingent on the policy chosen. This approach highlights the role of
decision makers as fund-raisers for …nancing future campaigns, which may capture quite well
the behavior of politicians and governments. In our model, lobbying costs materialize ex ante
and are not directly associated with the policy selected. Each …rm spends money in order to
persuade the regulator to (partially) internalize its interests, with the (rational) expectation
that this will lead to a certain regulatory decision.17 Therefore, we consider lobbying as a
persuasion activity exerted by pressure groups to render the decision maker more lenient with
them. We feel that our approach is more appropriate in a “normal”(i.e., non-corrupt) regulatory
environment, where the agency’s sta¤ does not act as a collector of funds, but may be a¤ected
by the …rms’pressure activities.18 Although our idea mainly re‡ects the notion of lobbying as
a persuasion activity, the formal similarity with other approaches is such that our results may
also be relevant to the cases of corruption and bribing.
Timing

We consider the following sequence of events. First, Congress decides on the reg-

ulatory structure.19 Second, the …rms can lobby the relevant regulator. Third, …rm i = 1; 2
privately learns its cost type ci 2 [c; c]. Fourth, the relevant regulator makes a (simultaneous)
take-it-or-leave-it o¤er of a policy to each …rm. If the …rm refuses the o¤er, it receives its
reservation utility (normalized to zero). If the …rm accepts, the policy is implemented.
In summary, our model is a two-stage game. In the …rst stage, the …rms engage in lobbying activities. In the second stage, regulation takes place. We solve this game by backward
induction.

4. The full information benchmark
To suitably study the e¤ects of asymmetric information, we …rst examine the benchmark case
of a fully-informed regulator.
17
Our view of lobbying process shares some similarities with the Tullock (1980) all-pay auction (e.g., Baye et
al. 1993; Boylan 2000).
18
Interestingly, we could also add in (4) and (5) (a fraction of) the …rm’s total expenditure in the form of
(non-)monetary incentives that increase regulatory payo¤, such as monetary bribes or future employment for
commissioners with the regulated …rms (e.g., La¤ont and Tirole 1991). Without loss of generality, we neglect
this term since it is only contingent on the pro…t weight and inconsequential for the policy setting.
19
In line with some relevant literature (e.g., Iossa 1999) we assume that Congress chooses the regulatory regime
before the …rms learn their costs.

10

4.1. Centralized regulation
Replacing T1 and T2 with

1

and

2

from (2), the second-stage problem of a single regulator is

to maximize his payo¤ in (4) as follows

fq1 ;

max

1 ;q2 ; 2 g

(1
s:t:

'c1 )

1

1
2

q1 + q2
1

(1

0;

2

'c2 )

q12 + 2 q1 q2 + q22

C1 (q1 )

C2 (q2 )

2

0.

Since 'ci 2 [0; 1], the maximand decreases with

1

and

2,

and therefore the regulator does not

hand out any rent, irrespective of the pro…t weights induced by lobbying activities in the …rst
stage. This entails from (6) a pro…t weight 'ci = 0 in equilibrium. The …rms do not have any
incentive to capture regulation since lobbying is unpro…table.
2 [0; 1), we can now show the main features of the regulatory mechanism in

De…ning z

a centralized setting.
Lemma 1 Under full information, centralized regulation entails qic =

ci z(
cj )
(1 z 2 )

and

c
i

= 0.

A single regulator, who internalizes all relevant market interconnections, sets a quantity for
each good which depends on the features of the other market, according to the (relative) degree
of substitutability z. As goods are substitutes, a higher output in one market reduces the social
value of the good in the other market. This translates into lower production in each market.
4.2. Decentralized regulation
Replacing Ti with

i

from (2), the second-stage problem of the regulator for market i is to

maximize his payo¤ in (5) as follows

max

fqi ;

s:t:

1 2
q
2 i

qi

ig

i

Ci (qi )

1

'di

i

0.

Since 'di 2 [0; 1], the maximand decreases with

i,

and decentralized regulation also does not

provide …rms with any rents. This clearly implies a pro…t weight 'di = 0 in equilibrium.
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The following lemma formalizes the main features of the regulatory policy in a decentralized
setting.
Lemma 2 Under full information, decentralized regulation entails qid =

ci

and

c
i

= 0.

Decentralized regulators are assigned the mandate to care about the welfare generated in
their own market, which prevents the internalization of market interdependencies. This results
in an output regulatory strategy that maximizes welfare in each market considered in isolation
and therefore is unresponsive to the features of the other market.
4.3. Equilibrium lobbying activities
We are now in a position to formalize a result of some relevance.
Lemma 3 Under full information, the regulated …rms do not engage in lobbying activities.
This observation corroborates the well-known idea that, in the absence of asymmetric information, regulated …rms are unable to get any rent and therefore do not have any incentive to
lobby the relevant regulator.
4.4. Welfare comparisons
Using the results in Lemmas 1 and 2, we …nd

qid

qic = z

cj
(1

z(
ci )
z2)

0,

(7)

where the equality holds if and only if z = 0 (qjc > 0). Since lobbying is absent under full information, a single regulator perfectly internalizes Congress’welfare standard, while two decentralized regulators neglect the interdependencies between markets. Hence, decentralized regulation
entails a market miscoordination cost, which results in excessive quantities in equilibrium.
This observation drives the following conclusion.
Proposition 1 Under full information, centralized regulation improves social welfare.
In the following, we show that this intuitive result may be reversed when the regulator is
not omniscient.
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5. The case of asymmetric information
Invoking the revelation principle (e.g., Myerson 1979), attention can be restricted to a direct
incentive compatible contract menu which induces each …rm to honestly reveal its costs. Under
centralized regulation, a single regulator o¤ers …rm i a menu fqi (ci ; cj ) ; Ti (ci ; cj )g, which is also
contingent on …rm j’s declaration about its costs. Under decentralized regulation, the regulator
for market i o¤ers …rm i a menu fqi (ci ) ; Ti (ci )g, which is only conditional on its own report.20
In both regulatory settings, the incentive compatibility constraint of …rm i is

i (ci ; :) =

i (c; :) +

Z

c

qi (e
ci ; :) de
ci .

(8)

ci

In line with the incentive regulation literature (e.g., Baron and Myerson 1982), condition (8)
indicates that the pro…t of …rm i must be equal to the pro…t of the most ine¢ cient …rm plus
the informational rent which rewards the …rm for truthfully revealing its private information.21
5.1. Centralized regulation
Integrating (8) by parts,22 and replacing T1 and T2 with

1

and

2

from (2), the second-stage

program of a single regulator is to maximize his payo¤ in (4) as follows

fq1 (c1 ;c2 );

max

1 (c;c2 );q2 (c1 ;c2 ); 2 (c1 ;c)g

Z cZ
c

c

c

+2 q1 (c1 ; c2 ) q2 (c1 ; c2 ) + q22 (c1 ; c2 )
(1
s:t:

where Hi

'c1 ) (H1 q1 (c1 ; c2 ) +
1 (c; c2 )

0,

1 (c; c2 ))

2 (c1 ; c)

q1 (c1 ; c2 ) + q2 (c1 ; c2 )
C1 (q1 (c1 ; c2 ))
(1

1
2

q12 (c1 ; c2 )

C2 (q2 (c1 ; c2 ))

'c2 ) (H2 q2 (c1 ; c2 ) +

2 (c1 ; c))] dF

(c1 ) dF (c2 )

0,

0

F (ci ) =F (ci ) is the hazard rate.23 After taking the …rst-order conditions,24 the

second-stage quantity for …rm i is given by
20

Reasonably, the regulator for one market cannot make his policy conditional on the other …rm’s report. More
relevantly, decentralized regulators would not bene…t from this option, since they ignore market interdependencies.
21
See e.g. Baron (1989, pp. 1363-1369) and Fundenberg and Tirole (1991, ch. 7) for the derivation of the
incentive condition (8). Incentive compatibility also requires qi (:) to be non-increasing with ci .
22
Notice that (8) holds in expected terms since each …rm considers its expected pro…ts based on the cost
distribution of the other …rm when accepting the regulatory contract.
23
The standard assumption that Hi increases with ci ensures the implementability of the regulatory policy:
24
Since the maximand decreases with i (c; cj ), we have ci (c; cj ) = 0, i; j = 1; 2, i 6= j, in equilibrium.
Maximizing pointwise for qi (:) yields
qi (ci ; cj )
qj (ci ; cj ) ci (1 'ci ) Hi = 0.
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q ci

ci

'ci ; 'cj

z(

cj )

=

(1

'ci ) Hi + z 1

(1

z2)

'cj Hj

.

(9)

The last two terms in (9) denote the output distortions from asymmetric information which
follow from the usual trade-o¤ between allocative e¢ ciency and rent extraction. Output distortions limit the …rms’ informational rents at some allocative cost. The weight 'ci mitigates
the downward output distortion for …rm i and therefore increases its rents in (8). Moreover, we
have

@q ci 'ci ; 'cj
@'cj

z

=

(1

z2)

Hj

0.

(10)

As goods are substitutes, a higher pro…t weight for one …rm, which increases its output and
pro…ts, results in a lower output and lower pro…ts for the other …rm. Therefore, centralized
regulation entails negative externalities between …rms. This crucially a¤ects the …rms’lobbying
activities aimed at increasing the regulatory weight on pro…ts.
5.2. Decentralized regulation
Integrating (8) by parts and replacing Ti with

i

from (2), the second-stage problem of the

regulator for market i is to maximize his payo¤ in (5) as follows

max

fqi (ci );

s:t:

i (c)g

i (c)

Z

c

qi (ci )

c

1 2
q (ci )
2 i

Ci (qi (ci ))

1

'di (Hi qi (ci ) +

i (c))

dF (ci )

0.

After computing the …rst-order conditions,25 we obtain the following second-stage quantity for
…rm i

q di 'di =
25

ci

1

'di Hi

,

Since the maximand decreases with i (c), we …nd
for qi (:) yields
qi (ci ) ci
1 'di Hi = 0.

(11)
d
i
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(c) = 0, i = 1; 2, in equilibrium. Maximizing pointwise

where the weight 'di mitigates …rm i’s downward output distortion from asymmetric information
and thereby increases …rm i’s pro…ts. As under full information, in a decentralized regulatory
setting the output in each market is unresponsive to the other market. Consequently, …rms do
not impose any negative externality upon each other, when engaging in lobbying activities to
increase the pro…t weight in the regulatory objective function. This observation has relevant
implications for the lobbying stage.
5.3. Equilibrium lobbying activities
After deriving second-stage quantities (as functions of exogenously given regulatory weights on
pro…ts), we can proceed backwards to determine the equilibrium regulatory weights on pro…ts
arising from lobbying activities. To this end, we …rst compute from (8) the second-stage pro…ts
of the …rms, which only depend on quantities in (9) and (11).
Using (6), in a centralized regulatory setting the weight on pro…ts of …rm i is the solution
to the following program

max
c

'i 2[0;1]

+z 1

Z cZ cZ
c
'cj

c

c

ci

1
z2)

(1

[

Hj de
ci dF (ci ) dF (cj )

e
ci

z(

cj )

(1

'ci ) Hi

('ci ) .

The (interior) equilibrium value for 'ci satis…es the following …rst-order condition

0

('ci ) =

1
(1

z2)

Z cZ cZ
c

c

c

Hi de
ci dF (ci ) dF (cj ) ,

ci

where the marginal cost equates the marginal bene…t of lobbying, namely, the (expected) marginal pro…t from an increase in output due to a higher pro…t weight. The equilibrium pro…t
weight under centralized regulation is

'ci

e
where H

c

' =

0

R c R cR c
c

1

e
H
(1 z 2 )

ci dF
c ci Hi de

!

,

(12)

(ci ) dF (cj ) = E Hi2 , i = 1; 2 (costs are i.i.d.). Since the …rms

anticipate the same expected pro…ts, they behave identically in the lobbying stage, which entails
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the same weight 'c on their pro…ts in equilibrium.
We now emphasize the following result of some interest.
Lemma 4 Under asymmetric information, centralized regulation entails the pro…t weight 'c (z)
speci…ed in (12), which increases with z at an increasing rate.
We know from the discussion following (9) and (10) that, in a centralized regulatory setting, a
higher weight on the pro…ts of one …rm entails a higher output and therefore higher pro…ts at the
rival’s expense.26 The interdependencies between markets exacerbate the negative externalities
the …rms impose upon each other when engaging in lobbying activities.27 This stimulates
lobbying expenditures and entails a pro…t weight which increases with substitutability. For the
sake of convenience, we focus hereafter on the values of z for which 'c is an interior optimum.
To provide further intuition for this result, we compute regulatory weights if the …rms could
internalize the negative externalities from lobbying by maximizing joint pro…ts. In this case,
the regulatory weights are solutions to the following program

Z cZ

max
f'c1 ;'c2 g2[0;1]
+z (1
+z (1

c

Z

1

(1 z 2 )
Z c
[
e
c2
'c2 ) H2 ] de
c1 +
c

c

c2
c
'1 ) H1 ] de
c2 ] dF (c1 ) dF

c

e
c1

[

c1

z(

c1 )

z(
(1

('c1 )

(c2 )

c2 )

(1

'c1 ) H1

'c2 ) H2

('c2 )g ,

which entails

'c1

=

'c2

'

c

=

0

e
H
(1 + z)

1

!

< 'c :

Centralized regulation results in an overinvestment in lobbying ('c > 'c ), since each …rm
does not internalize the loss it imposes on the other. The interdependencies between markets
aggravate the upward distortion in lobbying investment.28
26

Since lobbying costs increase with the pro…t weight, this implies that, like in a standard Tullock (1980)
contest, the prize (expected pro…t) that a contestant (…rm) receives increases with its own e¤ort (lobbying cost)
but decreases with the opponent’s e¤ort.
27

This result formally follows from (10), which decreases at an increasing rate, i.e.,

0 and
28

@2
@z 2

@q c
i
@'c
j

=

2z

3+z 2
3 Hj
z2 )

@q c
i
@'c
j

=

1+z 2
2 Hj
z2 )

(1

0.

(1

It holds that 'c > 'c since

@
@z

0

1

is increasing (
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00

> 0) and

e
H

(1

z2 )

>

e
H
.
(1+z)

Moreover, we have

Under decentralized regulation, the weight on pro…ts of …rm i follows from

max

'di 2[0;1]

(Z Z
c
c

c

ci

The …rst-order condition

'di

'd =

0

1

0

'di =

e
H

1

'di Hi

e
ci

!

1

de
ci dF (ci )

R cR c

ci dF
c ci Hi de

'di

)

.

(ci ) implies

,

(13)

where the pro…t weight 'd is the same for both …rms.
The following lemma states a result of some interest.
Lemma 5 Under asymmetric information, decentralized regulation entails the pro…t weight 'd
speci…ed in (13), which is independent of z.
We know from (11) that decentralized regulation ignores market interdependencies, and
therefore the output in each market is unresponsive to the other market. This removes negative
externalities between …rms when engaging in lobbying and results in a pro…t weight independent
of substitutability. This weight coincides with that in case of joint pro…t maximization.
We show a relevant implication of our analysis in the following proposition.
' (z)

Proposition 2 De…ne

'd

'c . Then, we have

' (z)

0, with

' (z) = 0 if

and only if z = 0. Equivalently, under asymmetric information, the weight of pro…ts in the
regulatory objective function will be higher when regulation is centralized.
If markets are independent (z = 0), the di¤erence between the regulatory mandates is
inconsequential, and therefore lobbying activities yield the same outcome. As Proposition 2
indicates, if goods are substitutes, a single regulator is more biased towards the …rms’interests,
i.e., 'c > 'd , as a result of lobbying overinvestment.
5.4. Equilibrium regulatory policies
The following proposition summarizes the main features of a centralized regulatory policy.
@
@z

('c

'c ) =

of the model.

00

e
2z H
2
z2 )

(1

+

00

e
H
(1+z)2

> 0, where the inequality follows from the assumptions on the parameters
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Proposition 3 Under asymmetric information, centralized regulation entails
ci

q ci ('c ) =

c
c
i (' )

=

Z

c

z(

e
ci

ci

cj )

z(

'c ) Hi + z (1
z2)

(1
(1
cj )

'c ) H j

'c ) Hi + z (1
z2)

(1
(1

(14)

'c ) Hj

de
ci .

Likewise, the following proposition emphasizes the main features of a decentralized regulatory policy.
Proposition 4 Under asymmetric information, decentralized regulation entails
ci

q di 'd =

d
i

'd =

Z

c

ci

1

e
ci

'd Hi

1

'd H i

(15)

de
ci .

Equations (14) and (15) show that, in both regulatory settings, asymmetric information
yields the usual downward output distortion relative to full information, which is mitigated by
the regulatory weights 'c and 'd . Interestingly, centralized output in (14) exhibits an additional
distortion which goes in the opposite direction. This is because a single regulator internalizes
the fact that, in the presence of substitutability between goods, a downward output distortion
from asymmetric information in one market increases the social value of output in the other
market.
5.5. Welfare comparisons
We know that, under full information, lobbying is absent and a single regulator performs better
since he perfectly internalizes all relevant interdependencies between markets. However, this
result may no longer hold in the presence of asymmetric information. This is especially true
because centralized regulation spurs lobbying activities, which are detrimental to social welfare.
We now investigate expected quantities under the two regulatory regimes, which prove to
be crucial to our main results. To this end, we de…ne
as q di > 0). Moreover, we denote E [Hi ]

i

H and E [ i ]

ci

1

'd Hi (with

i

>0

, i = 1; 2 (costs are i.i.d.). Using

(14) and (15), the di¤erence in expected quantities between the two regimes can be written as
follows
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h i
E q di

E [q ci ] =

z + ' (z) H
.
(1 + z)

(16)

The sign of (16) depends on the aggregation of two components, z

0 and

' (z) H

0.29

The …rst component entails higher decentralized quantities. As under full information (see (7)),
this is the result of a market coordination failure under decentralized regulation. The second
component stems from lobbying activities. It arises under asymmetric information and goes in
the opposite direction. We know from Proposition 2 that centralized regulation makes lobbying
activities more intense. This translates into higher production and higher informational rents.
Therefore, the quantity di¤erence in (16) reveals a trade-o¤ of some relevance. If (16) is positive,
decentralized regulation results in higher quantities, as under full information. If (16) is negative,
the impact of lobbying on quantities outweighs the e¤ect of a market coordination failure, and
the full information result is reversed.
To our aims, it is useful to derive the (expected) quantities that maximize Congress’welfare
function (3). Since Congress’ objective coincides with that of a single regulator in (4) with
'ci = 0, we …nd from (14) that the welfare maximizing (expected) quantity is E [q w
i ]=
with c

c H
(1+z) ,

E [ci ], i = 1; 2. Using (14) and (15), we obtain

E [q ci ]

E [q w
i ] =

h i
E q di

E [q w
i ] =

'c H
>0
(1 + z)
z + 'd H
> 0.
(1 + z)

Both regulatory structures entail excessive quantities in equilibrium. This is a direct consequence of the regulatory distortion in favor of industry’s interests, which generates higher production to distribute higher informational rents. Under decentralized regulation, an additional
upward output distortion stems from a market coordination failure. The regime which ensures
lower quantities is therefore more aligned with Congress’ optimal production. If (16) is positive, centralized regulation yields less distorted quantities. Otherwise, decentralized regulation
exhibits output schedules which better re‡ect Congress’preferences.
In order to derive our main results, we establish the following intermediate step.
29

Notice that E q k1 = E q k2 for k 2 fc; dg (costs are i.i.d.).
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Lemma 6 De…ne
(i)
(ii)

(z)

z +

' (z) H. Then, the following is true:

(0) = 0
(z) is (strictly) concave. This implies that

(iii) there exists (if any) a unique value z 2 (0; 1) such that
(iv)

(z ) = 0

(z) < 0 if and only if z > z .

Lemma 6 indicates that the sign of the quantity di¤erence in (16) crucially depends on z.
If goods are substitutes enough, the decentralized regulation yields lower quantities which are
more aligned with Congress’preferences.30
The rationale for Lemma 6 will be apparent in light of the discussion about our main
results, which are formalized in the following proposition. For the sake of convenience, they are
expressed for the case of uniformly distributed costs.31
Proposition 5 Suppose that under asymmetric information costs are uniformly distributed on
[c; c]. If

00

e d
2H'

2 , then
('d )
(i) centralized regulation improves expected social welfare for z 2 (0; z c ), where z c 2 (0; z )

4

(ii) decentralized regulation improves expected social welfare for z > z .
We know from Proposition 2 that centralized regulation makes the lobbying problem more
severe. In particular, as Lemma 4 reveals, regulatory distortion in favor of pro…ts increases with
substitutability. This is because market interdependencies aggravate the negative externality
each …rm imposes upon the other when engaging in lobbying. Decentralized regulation reduces
lobbying activities since it removes the negative externalities between …rms. This bene…t comes,
however, at the cost of a market coordination failure, since the regulation for each market is
unresponsive to the other market. Since centralized regulation aggravates the lobbying problem
with higher degrees of substitutability, decentralized regulation entails a trade-o¤ which makes
this regime more desirable with higher substitutability. Hence, as Lemma 6 indicates, if goods
are substitutes enough, decentralized regulation generates lower quantities, which better re‡ect
Congress’ preferences. Proposition 5 ensures that this improves social welfare.32 Conversely,
when substitutability is relatively low, lobbying is less problematic and a single regulator, who
internalizes all relevant market interdependencies, proves to be welfare superior.
30

Notice that the threshold value z 2 (0; 1) exists with commonly used distribution functions, such as the
uniform distribution (see the proof of Lemma 6 in Appendix 1 for technical details).
31
In Appendix 1 (proof of Proposition 5), we show that our results carry over with more general distribution
functions.
32
As Proposition 5 reveals, this is the case when the cost of lobbying is not too convex, so that the …rms …nd
it relatively a¤ordable to invest in lobbying.
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Regulatory capture literature has emphasized the use of di¤erent regulators as a device to
mitigate lobbying problems (e.g., La¤ont and Tirole 1999). In this paper, we provide further
support for splitting regulatory responsibilities in a context of interdependent markets. Interestingly, our model yields non-trivial implications about how market interdependencies a¤ect the
optimal design of regulatory jurisdiction in the presence of lobbying. In particular, with higher
levels of substitutability, the analysis suggests decentralizing regulation via di¤erent agencies
or departments, each charged with regulating a speci…c market. These policy implications lend
themselves for an empirical validation of our results.
6. Concluding remarks
In this paper we examine the regulatory design of interdependent markets where two monopolists
provide substitutable goods and can engage in lobbying activities. Two regulatory structures are
investigated. Centralized regulation assigns a single regulator the control of the whole market
with the mandate to maximize aggregate social welfare. Decentralized regulation implies that
two agencies regulate one …rm each and are directed to maximize the welfare generated in their
own market. Under full information, where lobbying is absent, centralized regulation clearly
dominates decentralized regulation, which entails a miscoordination cost since the regulation
for each market neglects the welfare generated in the other market.
This result may be reversed in the presence of regulatory limited knowledge, because regulated …rms can obtain some rents due to their private information and therefore scope for
lobbying arises. The …rms undertake lobbying expenditures with the purpose of convincing the
relevant regulator to increase the pro…t weight in the regulatory objective function. As goods
are substitutes, a higher output (and higher pro…t) from lobbying in one market decreases the
social value of output in the related market. Since a single regulator internalizes this e¤ect,
he will allow a lower output (and a lower pro…t) in the related market. A negative externality between …rms arises, which translates into an overinvestment in lobbying under centralized
regulation.
A decentralized regulatory structure reduces lobbying activities, since the unresponsiveness
of the regulation for one market to the other market removes negative lobbying externalities
between …rms. Mitigating the lobbying problem comes, however, at the cost of a market coordination failure. A trade-o¤ results which favors decentralized regulation when goods are
substitutes enough. Hence, a decentralized structure can be a good institutional response to
21

the lobbying problem.
We believe that much scope exists for future research in this …eld and our results can be
extended in di¤erent settings from regulation. For instance, they may provide some interesting
insights into the optimal structure of a …rm’s internal organization, when the manager/owner
must decide whether to establish one or more divisions for the supervision of workers who
perform interdependent tasks.

Appendix 1
This appendix collects the proofs.
Taking the …rst-order condition for qi in the regulator’s maximization

Proof of Lemma 1.
problem yields

qi

ci = 0. Rearranging terms entails the results in the lemma.

Taking the …rst-order condition for qi in the regulator’s maximization

Proof of Lemma 2.
problem yields

qj

qi

ci = 0. Rearranging terms entails the results in the lemma.

Proof of Lemma 3. The proof follows directly from 'c = 'd = 0.
Since 'c = 0, the objective of a single regulator in (4) coincides

Proof of Proposition 1.
with social welfare in (3).

Proof of Lemma 4. Using (12), we …nd after some manipulation
@'c
=
@z

00

e
2z H

(1

@ 2 'c
e
= 2H
@z 2

00

0

z 2 )2

1

z2

(17)

1 + 3z 2
(

00

2

) (1

e
2z 2 H=

000

> 0,

z 2 )4

(18)

where the inequalities follow from the assumptions on the parameters of the model. Notice that
(17) holds with strict equality if and only if z = 0.
Proof of Lemma 5. Using (13) yields

@'d
@z

= 0.

Proof of Proposition 2. Using (12) and (13), we …nd
z > 0 follows since

0

1

is increasing (

00

> 0) and

e
H

<

' (0) = 0. Moreover,
e
H
(1 z 2 )

.

Proof of Proposition 3. Substituting 'c from (12) into (9) yields (14). Since
we …nd from (8) the value for
Proof of Proposition 4.

' (z) < 0 for

c (c; c )
j
i

c.
i

Substituting 'd from (13) into (11) yields (15). Since

we …nd from (8) the value for

= 0,

d.
i
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d (c)
i

= 0,

We …nd from (12) and (13) that

Proof of Lemma 6.
@2
@z 2

computations yield

@ 2 'c
H
@z 2

=

(0) = 0. Moreover, standard

< 0, where the inequality follows from (18). We now show

that z 2 (0; 1) exists with uniformly distributed costs on [0; c]. In this case, we have
if and only if c >
interval where

z
2z z'd

'

. Since E q di > 0 requires c <

2 'd

<0

, there exists a non-empty

< 0.

Proof of Proposition 5. Using (3), expected social welfare can be written as
E [W ] = 2 (

c

(1 + z) (E [qi ])2

H) E [qi ]

var [qi ]

2 (cov [ci ; qi ] + cov [Hi ; qi ])

cov [q1 ; q2 ] ,

which yields
E W

c

c H
(
(1 + z)

= 2

c

'c ) H)

(1

h

E W

d

i

=2

H

1+z

2

(1 'c ) H)2
(1 + z)
(19)

z2)

(1
c

c

('c )2 var [Hi ]

var [ci ] + 2cov [ci ; Hi ] + 1
+

(

var [ci ] + 2cov [ci ; Hi ] + 1

'd

2

var [Hi ]

+

. (20)

h
i
d
Subtracting (19) from (20) yields the di¤erence in expected social welfare E W

c

E W ,

which can be written as
z + 'H
(1 + z)
z

2

'H

2'd H

z

'd

var [ci ] + 2cov [ci ; Hi ] + 1

'd + 'c
var [Hi ]
(1 z 2 )

'
2

var [Hi ]
.

z2)

(1

(21)

With uniformly distributed costs (var [ci ] = var [Hi ] = cov [ci ; Hi ]), we …nd after combining
terms in (21)
z + 'H
(1 + z)

'H

' 'd + 'c + z 2 4

d

z

2' H

(1

z2)

'd

2

var [ci ]
(22)

= Ew (z) + Vw (z) ,
where Ew is the term driven expectations and Vw is the term driven by (co)variances. We …rst
show that Vw is non-negative for

00

e d=
2H'
23

4

'd

2

. To see this, notice that Vw

0

q

if and only if 'c

su¢ cient to show that

2

z 2 ) 'd

(1
@'c
@z

@
@z

+ 4z 2

(z). Since Vw = 0 for z = 0, to our aims it is

for any z. Using (12), we …nd that this is the case if and only

if

2

00

e
H

2

1

z2

(1

z 2 ) 'd

q

'd

4
2

2

.

(23)

+ 4z 2

The left-hand side of (23) is independent of z, while the derivative of the right-hand side can
be written after some manipulations as
e
4z H=

000

'd

z2

1

4

2

00

+ 4z 2

2
'd

2z
rh
1
(1

z2)

2

3 'd

z2

1

2
'd

+

4z 2

1

z 2 + 12z 2 + 4
< 0,

i3

where the inequality follows from the assumptions on the parameters of the model. Then,
su¢ cient condition for (23) to hold for any z is that it is satis…ed for z = 0, which entails
00

e d=
2H'

4

positive if and only if

'd

2

. Therefore, if

00

e d=
2H'

4

'd

2

, we have Vw

0. Ew is

'H > z (the expression in round brackets in (22) is negative), namely,

if z > z , where z is de…ned in Lemma 6. Then, the expression in (22) is positive for z > z
and decentralized regulation improves (expected) social welfare. Conversely, Ew is negative if
and only if z

>

z low enough, since

'H, i.e., if z 2 (0; z ). Moreover, Ew changes at a faster rate than Vw for
@Vw
@z z=0

=0<

@jEw j
@z z=0

=

2'd H

. Since Ew = Vw = 0 for z = 0, there

exists a threshold value z c 2 (0; z ) such that the expression in (22) is negative for z 2 (0; z c )
and centralized regulation improves social welfare. For z 2 (z c ; z ) either regime may improve
social welfare, but a clear relation cannot be established between the best regulatory structure
and z since Ew and Vw change with z in a non-monotonic way. Applying the same approach,
there exists an interval for

00

such that we have Vw

0 for var [Hi ]

max fvar [ci ] ; cov [ci ; Hi ]g

in (21). Therefore, the qualitative result in the proposition holds for more general distribution
functions, such as the power distribution.

Appendix 2
We suppose that, under decentralized regulation, the regulator for market i is directed to
maximize social welfare (i.e., consumer welfare net of transfers) for an exogenously given output
level qbj

0. In the presence of full information, the second-stage regulatory problem can be
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expressed in the following way
max

fqi ;

ig

s:t:

qi + qbj

i

0:

1
2

qi2 + 2 qi qbj + qbj2

Taking the …rst-order condition for qi yields qi =

Ci (qi )

ci

qbj

1

'di

i

. As the proof of Lemma 1 reveals,

whenever qbj di¤ers from the optimal level under centralized regulation, the result in Proposition

1 strictly holds. Applying the same rationale, our results under asymmetric information in
Proposition 5 qualitatively hold for any given E [qj ]
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