
                          

This electronic thesis or dissertation has been
downloaded from Explore Bristol Research,
http://research-information.bristol.ac.uk

Author:
Bentz, Andreas

Title:
Essays in the theory of organizational structure.

General rights
The copyright of this thesis rests with the author, unless otherwise identified in the body of the thesis, and no quotation from it or information
derived from it may be published without proper acknowledgement. It is permitted to use and duplicate this work only for personal and non-
commercial research, study or criticism/review. You must obtain prior written consent from the author for any other use. It is not permitted to
supply the whole or part of this thesis to any other person or to post the same on any website or other online location without the prior written
consent of the author.

Take down policy
Some pages of this thesis may have been removed for copyright restrictions prior to it having been deposited in Explore Bristol Research.
However, if you have discovered material within the thesis that you believe is unlawful e.g. breaches copyright, (either yours or that of a third
party) or any other law, including but not limited to those relating to patent, trademark, confidentiality, data protection, obscenity, defamation,
libel, then please contact: open-access@bristol.ac.uk and include the following information in your message:

• Your contact details
• Bibliographic details for the item, including a URL
• An outline of the nature of the complaint

On receipt of your message the Open Access team will immediately investigate your claim, make an initial judgement of the validity of the
claim, and withdraw the item in question from public view.



Essays in the Theory of Organizational Structure 

Andreas Bentz 

A thesis submitted to the University of Bristol in accordance with the requirements 

of the degree of Doctor of Philosophy in the Faculty of Social Sciences, Department 

of Economics. 

November 1999 

Word count: 56,582 



Abstract 

Organizations are complex structures of interacting principal-agent relationships, and the 

incentives created in these structures are not always clear. Our aim is to clarify some of 

these relationships. 

A large class of problems in the field of organizational design possess a common structure: 

agents who may own private information are subject to incentives provision from several 

principals. This structure is known as common agency. 

Chapters 2-4 review the existing theoretical literature on common agency, and outline 

the common structure of the available models under symmetric and asymmetric (moral 

hazard and adverse selection) information. The aim of this review is to begin consolidation 

of this literature, and to point up directions for future research. Subsequent chapters take 

up some of these directions in applications. 

Chapter 5 studies incentives provision in a hierarchy in the context of state procurement 

of assets necessary to provide a public service. We find that giving asset ownership to a 

private service provider may improve the quality of investment and therefore the quality of 

service provision. We conclude that the state should seek greater private sector involvement 

in asset procurement. 

Chapter 6 takes up the issue of common sales agency and considers sales incentive (com- 

mission) payments to common agents as potential signals of unobservable (to the consumer) 

product quality, an aspect the literature on common sales agency has generally ignored. We 

find conditions under which sales-based compensation leads to optimal information trans- 

mission. 

Finally, in chapter 7 we study the interaction of incentives between two antitrust agencies 

who regulate a common monopolist-agent. In contrast to the generic common agency 

case, we model the principle of subsidiarity: one agency has greater power than another. 

Generally, this results in possible inefficiencies in the regulators' information acquisition 

about firm conduct. We derive limiting results about the optimal behavior of the regulatory 

agencies. 
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Chapter 1 

Introduction 

Contracting relationships are a ubiquitous fact of economic life. Whenever decisions are 

delegated, there is scope for the objectives of the decision-maker and the center to differ in 

a way that requires comprehensive contracting between decision-maker and center. Typ- 

ically, organizations are complex webs of such contracting relationships. In fact, we wish 

to interpret the term "organization" broadly here, and use it to refer to any structure in 

which decisions are taken in a decentralized way. Within most, if not all organizations, 

decision-makers have some degree of autonomy to pursue their own goals rather than those 

of the organization, or the goals of those on whose behalf they take decisions. In general, 

one should therefore expect that decentralized decision-making does not result in optimal 

decisions for the group of agents within the organization. 

Decentralized decision-making of itself, however, need not imply the presence of ineffi- 

ciency. In fact, trade in complete markets (which is just a decentralized decision-making 

process) is typically efficient given well-known conditions: The presence of complete markets 

ensures the existence of prices that internalize any inefficiencies costlessly. The contracting 

problem therefore assumes real economic interest only when the objectives of decision- 

maker and center cannot costlessly be aligned. The explanation most commonly offered for 

the necessity of costly alignment is an informational asymmetry between the contracting 
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agents. 1'2 Typically, we assume that the decision-maker has better information than the 

center. This is natural: presumably, decision-making is decentralized precisely because the 

center is constrained (whether informationally or otherwise) in its ability to take decisions 

itself, or in its ability to monitor the decision-maker. When information is asymmetrically 

distributed, the center will need to provide incentives for decision-makers to reveal their 

private information (or to act in the center's interest). These incentives are generally inef- 

ficient, in the sense that decision-makers can use their private information to extract rent 

from the center. Since the center dislikes costly rent, incentives are lower powered than is 

(first-best) optimal. 

We now have a good understanding of the issues arising from asymmetric information 

in the relationship between decision-maker and center when there is one decision-maker and 

one center (cf. chapters 3 and 4 and the references cited therein), and when there is one 

center who seeks to control several decision-makers (for instance Holmstrom (1982)). While 

it has been classical to study monetary incentives, more recent work has focussed on the 

provision of incentives through the career concerns of decision-making units, and through 

mission-setting for organizations (cf. Dewatripont, Jewitt, and Tirole (1999a), Dewatripont, 

Jewitt, and Tirole (1999b)). 

However, not all contracting relationships fit this two-player mould. In large organi- 

zations, several other structures are common. Relationships between decision-makers and 

center may be (multi-level) hierarchical (cf. Tirole (1986)), or one decision-maker may have 

decision-making power delegated to her from several individuals with potentially different 

objectives. Although there is now a growing literature on these structures, our under- 

standing of how incentives are provided, and what the implications for the outcomes of 

decentralized decision-making are, is still limited. The aim of the following chapters is to 

'Take, for instance, a moral hazard setting with hidden action. If the agent's actions were observable 
(or, in a setting with uncertainty, could be inferred) and the principal risk neutral, the principal would bear 
all risk Spence and Zeckhauser (1971). More generally, it can also be shown that, even with a risk-averse 
principal, risk-sharing is optimal. Furthermore, in an adverse selection setting with hidden information, 
when the agent's type is observable, the contracting problem disappears. 

2There is a large literature on why certain transactions are carried out inside firms rather than through 
market interaction. The literature begins with the seminal paper by Coase (1937). Important contributions 
are Williamson (1985), and the recent literature on contractual incompleteness (Grossman and Hart (1986), 
Hart (1995)). This literature, however, is largely independent of our concerns in this dissertation: We focus 
on incentive provision within a given structure, without the need to explain why that structure is chosen. 
Chapter 5 is an important exception: there we discuss why a certain organizational structure should be 
chosen over another. 
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contribute to our understanding of these structures. 

The purpose of the first part of this introduction is to lay out a rough structure as 

the basis for the following discussion. Section 1.1 therefore classifies models of asymmetric 

information. Section 1.2 clarifies the principal-agent paradigm, which simplifies consider- 

ably the complex bargaining process under asymmetric information that contracting would 

generally give rise to. The section also raises questions about the standard single-principal 

single-agent framework that lead to a discussion of common agency. 

1.1 Classificatory Remarks 

Models of contracting under asymmetric information may usefully be classified along two 

axes: according to the timing of the informational asymmetry (does it arise before or after 

contracting? ), and according to the nature of the private information. 

The asymmetry may arise before contracting (the parties' trading decisions depend on 
it), or it may arise under a contract (the parties' performance under the contract depends on 
it). Accordingly, adverse selection models are models of pre-contractual private information; 

moral hazard models are models of post-contractual private information. 

Either type of model can be further divided according to the informational structure 
of the model: the uninformed party may be unable to observe the actions of the informed 

party; or the uninformed party may be unable to observe some characteristic ("type") of 

the informed party (or both). Hidden action models are models in which the informed party 

takes unobservable actions linked to observable outcomes via a stochastic technology; the 

informed party's problem is to induce the appropriate action through the design of a contract 

contingent on observable (and verifiable) outcomes. Hidden information models are models 
in which the informed party possesses private information about some characteristic (her 

"type"); the informed party's problem is the design of a contract that induces revelation of 

the informed party's type. 

The literature has not always made this distinction clearly. Sometimes adverse selection 
and hidden information are equated, as are moral hazard and hidden action. This, of course, 
is misleading: both moral hazard and adverse selection models may each be combined with 
any informational structure. Since the majority of the technical literature does however 
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analyze adverse selection models of hidden information and moral hazard models of hidden 

action, our nomenclature will occasionally follow this convention. Wherever confusion may 

arise, we will make precise the nature of the model and its informational structure. 

1.2 Principal-Agent Analyses 

As mentioned before, contracting under asymmetric information gives rise to a complex 

bargaining problem. To make the problem tractable, the principal-agent paradigm assumes 

that one individual (the principal) can make a take-it-or-leave-it contractual offer to the 

other (the agent). In effect, the principal designs a mechanism (or, more generally, game) 

to be played by the agent. If the agent declines, the interaction is terminated. 3 The model 

has been applied to the design of incentives, both for individuals and teams; to the design 

of optimal taxation schemes; nonlinear pricing schedules; etc. 

1.2.1 Common Agency 

Some contractual relations, however, are poorly captured by the standard bilateral principal- 

agent paradigm. For instance, multiple producers may use a common retailer (or marketing 

agency) who possesses private information about her actions (hidden action), or about 

market conditions, the identity or preferences of consumers, etc. (hidden information). 4 

Or consider the following example drawn from the internal organization of government: a 
firm that possesses private information about its cost parameters is subject to regulatory 

regimes from multiple regulatory agencies, each of which aims to extract information about 
the firm's cost parameter. 5 Or, in an example from the literature on tax competition, 
different legislations may design tax regimes in competition over the location of a large 

taxpayer (whose productivity is privately known). 

In situations such as these, when principals cannot co-operate (for instance, through 
lack of coordination between different regulatory bodies, or because coordination between 

competitors is prevented under competition law), the analysis must take into account the 

3The principal-agent terminology follows Ross (1973). 
4cf. Bernheim and Whinston (1985), Bernheim and Whinston (1998), Martimort (1992), Martimort 

(1996a) 
5cf. Martimort (1996b) 
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fact that multiple principals are non-cooperatively setting contracts for a single agent. 

The literature on common agency (Bernheim and Whinston (1986a), Martimort (1992), 

Stole (1992)) therefore views complex organizations as networks of bilateral relationships 

I between one of a number of principals and a single agent, each ruled by a bilateral contract. 

The analysis focuses on the description of the equilibrium of the non-cooperative game of 

contract-setting between principals. In general, one should expect the equilibrium outcome 

to differ both from the symmetric information outcome and the single-principal single-agent 

contracting outcome. We know that inefficiencies are already present in the single-principal 

single-agent model. Since the agent may "lie" (that is, not reveal, or misrepresent her 

private information), the principal needs to leave costly rent to the agent as an incentive 

for truth-telling. But this rent alters the relative prices of decisions, so that generally the 

decision that is taken by the agent in equilibrium will be suboptimal. 
In addition, when several principals non-cooperatively design incentive schemes (or, 

mechanisms) for a single agent, externalities will typically arise. Since one principal has to 

allow the agent to obtain rent (in order to obtain the agent's private information), competing 

principals can extract some of this rent from the agent. This externality (externality in rent 

extraction, or "type 1" externality, cf. Laffont and Martimort (1997)) is well documented 

in the theoretical common agency literature. We will sometimes refer to this externality 
by its more descriptive name and call it an "indirect contractual externality" because it 

arises indirectly through the agent's utility function (which determines rent). Another 

type of externality ("type 2") arises more straightforwardly when principals have opposing 

preferences, and attempt to influence the agent to take decisions favorable to them. This 

externality is standard: each principal wishes the agent to take a decision in her favor, but if 

the decision the agent takes on behalf of principal 1 is correlated with the decision the agent 
takes on behalf of principal 2, the two principals will impose externalities on each other. 
We sometimes refer to this as a "direct contractual externality" because it arises directly 

through the opposing preferences of the principals. Again, in equilibrium, the action will 
be inefficient. 
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1.2.2 Common Agency with Symmetric Information 

But it is important to note that inefficiencies do not only arise in common agency models 

when information is asymmetrically distributed. Principals impose externalities on each 

other when they influence a common agent's actions even under symmetric, and perfect and 

complete, information (Bernheim and Whinston (1986b), Dixit, Grossman, and Helpman 

(1997)). The non-cooperative bidding of principals for decisions taken by the agent (where 

the decision enters each principal's payoff function) leads to externalities in just the usual 

way: If principal preferences are not perfectly aligned, there will typically be an incentive 

for one principal to bring about an agent decision that is less favorable to a competing 

principal, and depending on the nature of the externalities, incentive provision is likely to 

be too high or too low. This is just what we called a "type 2" or "direct contractual" 

externality, above. 

1.2.3 Intrinsic and Delegated Common Agency 

A final classificatory remark on common agency models is due. Depending on the context, 

one might want to model the situation as one of intrinsic common agency (the agent can 

either participate in the mechanisms of all or none of the principals), or one of delegated 

common agency (the agent can choose any subset of principals in whose mechanisms she 

wants to participate). 

Typically regulatory contexts, where a single firm is regulated by several independent 

regulators, make an intrinsic common agency formulation appropriate: if the firm chooses 

to produce, it is subject to regulation from all principals. Of course, the firm can always 

choose not to produce at all, in which case it can avoid regulation altogether. In some 

contexts, however, a delegated common agency model seems more appropriate. A common 

sales agent typically chooses the manufacturers whose products she sells: for instance, an 

independent financial adviser would typically choose the insurers whose products she sells. 

A very general model should contain a general specification of these constraints in the 

agent's participation constraint. In most cases, however, it turns out that the intrinsic 

agency formulation is informative (and certainly simpler). Delegated common agency would 

require that for each principal separately, the agent's participation constraint is fulfilled. 

While this should not materially alter the approach we take, certain results (such as the 
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result in chapter 3 that, under joint observations of the agent's outputs in two principals' 

mechanisms, principals use the common agent to effect transfers between them; that is, while 

principal 1 pays the agent, the agent pays principal 2) would disappear: the agent could 

simply refuse to contract with one of the principals. In general, the literature has focused 

on intrinsic common agency models (an exception is the paper by Bernheim and Whinston 

(1986a) which contains a general specification of the agent's participation constraint that 

is broad enough to encompass the two model types). 

1.3 An Organizing Example 

To fix ideas, and to motivate the discussion of common agency models, consider the fol- 

lowing organizing example of a common agency situation. In a little-known paper, Coase 

(1979) studies a common agency problem in radio broadcasting. Several record producers 
(principals) simultaneously design mechanisms for a common agent (the radio D. J. ) in order 

to induce the D. J. to include specific programming content (the record producer's record) 
in a broadcast program. This practice has come to be known as "payola. " The mechanisms 
tend to be of a simple affine form: fixed payments are made each time a record is played. 
Because of its allegedly undesirable consequences for program content, payola is illegal in 

the US since the 1960 amendments to the Communications Act, and specifically excluded 
in UK broadcasting licenses. 

Coase however conjectures that payola may have no undesirable welfare consequences: 
his argument, briefly, is that allowing the D. J. to obtain payola payments for the records she 

plays will not alter program content. Record producers would be willing to effect transfers 

to the D. J. up to the increase in profits that increased sales could achieve. But audience 

preferences for listening to, and owning, records presumably exhibit a similar ranking of 

records, so that records more preferred by the audience would be bought more frequently 

and accordingly be associated with larger payola payments. Furthermore, Coase argues, 

the D. J. 's payoff function is directly affected also by audience size (for instance, because the 

D. J. employment prospects depend on it), so that the incentive to deviate from the program 

content that maximizes audience utility is weakened further. In an informational twist 

on the argument, Coase conjectures that the D. J. has better information about audience 
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preferences than a radio station owner, or possibly even the record producer, so that using 

payola payments to elicit this information may be an important information transmission 

mechanism. 
We take up several possible interpretations of this story to motivate our discussion of 

the theoretical foundations of the common agency literature. First, when informational 

asymmetries are absent, payola payments may be a pure incentive payment to play one 

record producer's record over another's. This opens up the literature on common agency 

under symmetric (perfect and complete) information, which we review in chapter 2. An 

alternative interpretation is of the Coasean example as one of common agency under con- 

ditions of moral hazard: suppose, for instance, that monitoring the D. J. 's actions is costly 
(activities that cannot be monitored easily might be remarks, favorable or unfavorable, 

about the quality of a record that is about to be played, remarks about the artist signed 

to a record producer, etc. ). When actions are unobservable, payola payments may be a 

simple incentive mechanism to induce the D. J. to take the action preferred by the record 

producer, or to increase "sales" effort for that producer's record. We review the relevant 
theoretical literature on common agency under moral hazard with hidden action in chapter 
3. A final, and different, interpretation of the story is as one of contracting under asym- 

metric information: the D. J., for instance, may possess better information about market 

conditions, consumer preferences, or suitability of a record for her broadcasting program 
than the information held by record producers. On this interpretation, payola payments 

are a mechanism to elicit this information from the D. J. The literature on common agency 

with adverse selection and hidden information is surveyed in chapter 4. 

1.4 Overview 

The thesis falls roughly into two parts. As already noted, the first of these (chapters 2-4) 

is methodological. These chapters survey the literature on common agency with a heavy 

bias toward technique rather than application. Each of the chapters (chapter 2 for common 

agency under symmetric information, chapter 3 for common agency under moral hazard, 

and chapter 4 for common agency models under adverse selection), however, contains a 

section reviewing some of a variety of applications of the theoretical model. 
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The second part (chapters 5-7) takes its cue from the discussion in chapters 2-4 and 

contains the main modelling effort of the dissertation. The following is a brief guide to these 

chapters. 

1.4.1 Hierarchies in Public Service Provision 

Chapter 5 addresses the question of how to design a hierarchy in which information is 

distributed asymmetrically. From a modelling perspective, the chapter is a hierarchical, 

not a common agency, model. However, in a later chapter (chapter 7) we study a common 

agency problem within a hierarchical structure; and the two model types are of course 

closely linked. The attractiveness of this chapter is the application it studies: we analyze 

the implications of different organizational choices (in this case, ownership structures) on 

the incentives for cost reduction and quality of service provision of a public service. 

In many countries, the role of the state has shifted from that of a provider of public 

services and owner of assets for the production of these services, to that of a designer of 

mechanisms for the private provision of services and private ownership of capital assets. 

In particular, in the UK the Private Finance Initiative (PFI) seeks to increase private 

sector involvement in the building of assets required for the provision of public services. 

Projects under PFI are as diverse as schools, hospitals, prisons, mail sorting facilities, etc. 

Despite the heavy political emphasis placed on PFI and other projects pursued as public- 

private partnerships, we know of no argument for the effectiveness of private rather than 

public procurement of assets when complete contracts can be written. 6 We provide such an 

argument. 

We study the case in which a builder has the option to invest in (unobservable) cost 

reduction (or asset quality) of an asset necessary to provide a public service. The builder's 

investment determines the cost of service provision by a (private) service provider. Ideally, 

the principal (the state) would wish to write a complete contract with the service provider 

that is fully revealing of cost conditions. Given this information about cost, an incentive 

6The literature on contractual incompleteness (cf. Grossman and Hart (1986), Hart (1995) and the refer- 
ences cited therein) has addressed the issue of how different ownership structures create different incentives 
when complete contracts cannot be written. Our concern, however, is with the implications of different 
organizational choices on incentives when complete contracts are possible. We therefore address a different 
set of issues. 
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scheme for the builder (conditional on the cost realization) may be designed; typically such 

an incentive scheme consists of a damage contract, enforceable in court. The central insight 

of our model is that when the principal owns the asset (that is, buys it from the builder), 

she can claim damages from the builder, conditional on the observed cost realizations that 

emerge from the revealing contract with the service provider. In this case however, there is 

an incentive for the principal not to obtain information about costs, so that she can credibly 

claim damages from the builder whether the investment has been made or not. This, in 

turn, destroys the builder's incentives for investment. 

We show that a change in the organizational structure of public service provision, to- 

wards greater involvement of the private sector (that is, the private service provider owns 

and builds the asset) may lead to greater investment incentives by eliminating this commit- 

ment problem. In fact, we obtain the somewhat nonstandard conclusion that assets should 

be owned (and built) privately precisely when the public service that is to be provided with 

that asset is essential (in the sense that demand for the service is inelastic). Finally, we 

endogenize the organizational design choice. Presumably, the state can choose the structure 

of ownership of the asset used to provide the public service. We obtain conditions for the 

optimality of public and private asset ownership. These conditions give a fuller answer to 

the question: "What should the state buy? " 

1.4.2 Common Sales Agents 

Much of the applied literature on common agency has studied common sales agency: a single 

sales agent retails products from different manufacturers (principals). Variously it has been 

assumed that the agent owns private information about a market or customer characteristic 

(as in the adverse selection context), or about her sales effort. In each case, the agent's 

reward for selling a principal's output acts as a mechanism for information revelation or as 

an incentive scheme to take the appropriate (desired by the principal) sales action. The 

general conclusion from the literature on common agency under asymmetric information is 

one of inefficiency: compared to second-best (when principals can coordinate actions), the 

agent's decision is distorted. This general sense of inefficiency has often led commentators 

to conclude that sales-based compensation for retailers (such as insurance brokers, travel 

agents, or radio disk jockeys in the Coasean example) distorts the mix of products these 
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retailers sell, or the sales advice that they give to their clients. 

However, one must be careful not to overstate this aspect of the problem: a different 

mechanism may be at work at the same time. It may be true that differential sales-based 

payments from several principals leads the common agent to sell more of the good that 

attracts the higher (incentive) payment. But if selling goods of a higher quality gives 

the sales agent greater incentive payments, there is no distortion away from the optimum. 

This, in fact, is one interpretation of the Coasean suggestion that (in the context of radio 

programming), output-based rewards may not lead to a distortion away from the optimum. 

The story, of course, is familiar in a different context. In the well-known signaling 

model of Spence (1974), higher types (with private information about their characteristic) 

are able to differentiate themselves by undertaking costly, but observable, actions. When 

cost is related to type, an equilibrium may result in which observable actions are revealing 

of type. 

Chapter 6 makes this connection. The chapter studies common sales agency for invest- 

ment products. In fact, we motivate the model by appeal to the controversy over sales-based 

commission payments from providers of life assurance savings products to independent fi- 

nancial advisers. We study different assumptions about the behavior of investment products, 

and find a general welfare result: sales-based commission payments, under the assumptions 

placed on the behavior of the financial product, is generally welfare-improving for consumers 

of these products.? 

Similar conclusions, of course, hold for other types of sales-based retailer compensation, 

and we would, in general, wish to caution against an over-literal interpretation of the ineffi- 

ciency results from the theoretical common agency literature when signaling is an important 

part of the structure of the problem. 

7One of the important assumptions is that "quality" is one-dimensional, and there exists a clearly defined 
"better" and "worse, " that is, we operate in a vertically differentiated product space. The analysis does not 
straightforwardly carry over to a horizontally differentiated space, since in that case issues of suitability for 
a particular customer arise. In fact, we need a single-crossing property to hold; and it is difficult to see how 
single-crossing could be made applicable to a horizontally differentiated product space. 
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1.4.3 Multiple Regulators 

A recurrent theme of chapters 2-4 is the inefficiency caused by externalities that principals 

impose on each other through their non-cooperative behavior. The final chapter 7 takes up 

this issue in the context of the regulation of a single firm by two regulatory, or antitrust 

enforcement, agencies. The coordination problem between multiple regulatory authorities 

has been studied before (for instance, Martimort (1996b), Laffont and Martimort (1996)). 

In these models, each of several independent regulators seeks to influence the dimension 

of a firm's decision that is relevant to that regulator's constituency; for instance, an en- 

vironmental regulatory agency may be concerned with a firm's emissions, while a price 

regulator may be concerned with the price the firm charges for its output. But none of the 

available models address the situation where one regulatory agency has greater power, or 
discretion, than another. This is the case, for instance, in European competition law en- 
forcement. The principle of subsidiarity in European competition law enforcement implies 

that member states' competition authorities are subordinate to their European counterpart 
(the European Commission). 8 

We therefore seek to model a situation in which two regulatory agencies (price-)regulate 

a single firm, but one of the regulatory authorities (say, an international enforcement agency 

such as the European Commission) has greater discretion than the other (say, a member 

state's industry regulator). Generally, one should expect the objectives of the two regulatory 

agencies to differ: for instance, the industry regulator has a concern only for the citizens of 
its own country, while the international authority cares for the welfare of all citizens in the 
international federation. On the other hand, the subordinate industry regulator typically 
has greater investigatory powers, that is, can obtain better information at a lower cost than 

the international authority. Generally, we would therefore expect the international authority 
to make use of the national agency's information. But if the international authority were 
to overrule the national regulator on all occasions, the national authority would have no 
incentive to collect information. In equilibrium, we should therefore expect some, but not 
full, regulatory effort from both authorities. One somewhat counterintuitive implication 

this has for welfare is that the introduction of an international watchdog to "regulate the 

g We review the structure of European competition law enforcement briefly in chapter 7. 
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regulators" may not necessarily be welfare improving. 

From a modelling perspective, we address a hierarchical setting similar to that of Tirole 

(1986), but we introduce common agency concerns into the model. We do not know of a 

model that addresses a similar issue. From the perspective of applied theory, we also con- 

tribute to an understanding of the action space of an international competition authority, 

such as the European Commission. Although we focus on the price-regulating role of the 

international authority, we believe that we are taking an important step towards under- 

standing the incentives for an international authority that is both charged with industry 

oversight and a mandate to "regulate the regulators. " 
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Chapter 2 

Common Agency under Symmetric 

Information 

In this chapter, we begin our review of the theoretical literature on common agency. It is 

classical that the uncoordinated actions of individuals maximizing their private benefit leads 

to inefficiencies. In common agency models, where several principals non-cooperatively seek 

to control the decisions of a single common agent, we should expect similar inefficiencies 

if there does not exist a mechanism that internalizes the externality principals impose on 

each other through their non-cooperatively chosen actions. Later chapters will introduce an 

additional source of inefficiencies into the model, viz. those arising from non-cooperatively 

chosen ways of influencing the agent under asymmetric information. Here, we focus just on 

the question of inefficiency arising purely from the externalities principals create for each 

other in a world of full information. 

Two papers provide the theoretical foundation for a burgeoning applied literature: 

Bernheim and Whinston (1986b) study common agency problems in a partial equilibrium 

framework; the paper by Dixit, Grossman, and Helpman (1997) generalizes the earlier 

results of Bernheim and Whinston considerably to a general equilibrium approach with 

non-transferable utility. Because of their importance for current applied work, we review 

both papers before considering some of the applications the models have found. 

In both models, several principals make transfers to a single common agent in exchange 
for agent actions that impact on all principals' utility functions. Some obvious examples of 
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such situations of common agency are the competition of pressure groups for policy favors 

from the policy maker; the competition (for instance, in tax schedules) of several govern- 

ments for the choice of location of a multinational company; the influence manufacturers 

seek to exert on a common retailer; and so on. Two questions that naturally arise in this 

context are: (i) the characterization of equilibria in this game between principals, and (ii) 

whether some (of the potentially many) equilibria result in efficient allocations, and whether 

these equilibria seem in some sense focal or attractive. 
Both Bernheim and Whinston (1986b) and Dixit, Grossman, and Helpman (1997) con- 

tain efficiency results: both papers show that for a certain attractive ("focal") refinement 

of Nash equilibria in the game between principals, an equilibrium exists that results in the 

efficient (first best) allocation. This refinement is a "truthfulness" requirement: It requires 

principals, when determining their transfer schedules to the agent, to reflect truthfully their 

preferences over the different allocations the agent could choose. Furthermore, truthful- 

ness is an attractive requirement because Nash equilibria with this property are essentially 
the only equilibria that are collusion-proof in the sense that no group of individuals has an 
incentive to coordinate actions and deviate jointly from the (truthful) equilibrium strategies. 

In terms of our (Coasean) organizing example, we might think of a situation where 

several (I) record producers compete for airtime allotted to them by the single D. J. The 

allocation of airtime to a single producer may be conceptualized as the fraction of total 

program length that is dedicated to playing that producer's record. The different decisions 

the agent can take are then elements of the I-dimensional unit simplex. Airtime, of course, is 

positively related to payoffs, so that each principal's payoff is increasing in its element of the 

decision vector and, if there is product market competition, decreasing in its competitors' 

allotted airtime. However, payoffs are also related to record quality: more airtime is of 
higher value to the producer who seeks to introduce a good record to the market, than to 

the producer who has a lower-quality record. The efficiency results hinted at above then 

imply that producers with higher quality records will obtain more airtime, and this is, of 

course, efficient. 

The chapter is organized as follows: sections 2.1 and 2.2 review the common agency 

models of Bernheim and Whinston (1986b) and Dixit, Grossman, and Helpman (1997). 

Section 2.4 discusses some of the applications of the general model found in the literature. 

15 



2.1 Common Agency with Symmetric Information: Menu 

Auctions 

Bernheim and Whinston (1986b) study a common agency model of symmetric information 

with transferable utility. Several principals simultaneously and non-cooperatively submit 

bids for the actions of a single common agent. There is an obvious analogy to auction 

theory, but note that the agent auctions off a vector of decisions (and not, as is usual in 

auction theory, a single indivisible object). Each principal therefore submits a menu of bids, 

conditional on the agent's decision vector. The common agency model of Bernheim and 

Whinston can therefore be studied as a "menu" auction. The particular auction Bernheim 

and Whinston analyze is a first-price menu auction, in which each principal pays the transfer 

payment she has submitted for the decision vector chosen by the agent. The agent is 

interested in maximizing her private benefit (the sum of transfer payments less her cost 

of implementing the chosen decision vector), while each principal seeks to maximize her 

net benefit (benefit from the chosen decision vector less transfer payment to the agent). 

Given this setup, Bernheim and Whinston study a complete characterization of the Nash 

equilibria of this two-stage game: First, principals design transfer schedules conditional on 

decisions. At the second stage, the agent selects a decision given transfer schedules. 

2.1.1 The Model 

Several principals i=1, ..., 
I simultaneously engage in a game of choosing conditional 

transfer payments to the single common agent, that is, transfer payments conditional on 

the decision taken by the agent. Denote by :' the set = {i}jlý1 of all principals, and 

generically denote any subset of principals JC3, with complement j (and the complement 

of the singleton subset J= {i} is denoted -i). Each principal i chooses a transfer payment 

t1 to maximize her (quasilinear) utility n1 = vi - ti. ' Of course, utility depends on a decision 

(or action) a taken by the agent, and transfers are made conditional on this decision, so 

that we write vi(a) and t1(a). Let Tj(a) _ Ejejtj(a). Generally, upper-case letters refer 

to sums of lower-case variables, so that the sum of gross payoffs to principals in set J is 

'Here, as indeed throughout the following chapters, we denote variables controlled by (or pertaining to) 
principal i by a subscript i. Occasionally, we break with this convention when subscripts are used to denote 
partial derivatives, in which case the superscript i is used to denote principal i's variables. 
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Vi(a) = Ei¬Jvi(a)" 

While principals can make transfers to the agent, they cannot extract direct payments 

from the agent, so that for all aEA and all iE 21, ti(a) > 0.2 

The single agent chooses a decision (or action) vector aEA, at a private cost of c(a). 

She therefore seeks to 

maxu(a) u(a) - c(a) - Tj(a) - c(a). 

Denote the set of optimal agent actions (for given transfer schedules) A*({tz}i 1) 

arg maxaEA [TT (a) - c(a)]. Note that this choice need not be efficient: The set of effi- 

cient agent decisions (efficient for the agent and subset J of principals) would of course be 

the joint surplus maximizing one: AJ - argmaxaEA[VJ(a) - c(a)], and denote the overall 

efficient action set A* = A:. The question of efficiency therefore reduces to a comparison 

of A* and A*({ti}i 1), with those transfer schedules that are chosen in equilibrium. We 

therefore need to turn next to a characterization of equilibrium in this game. 

2.1.2 Equilibrium Analysis 

Nash equilibrium in this game is defined as it is usually by the condition that ({to}i 1, ao) 

is a Nash equilibrium if no bidder wants to deviate from the equilibrium choices, that is if 

vi(a°) - tP(ao) > vi(a) - ti(a) and ao E A*({t9}%=1 ). 3 Typically, however, the number of 

equilibria in this game is large. The way to pare down the number of equilibria in Bernheim 

and Whinston (1986b) is to focus on a subset of equilibria with a certain intuitive appeal: 

this is the subset of all "truthful" equilibria, that is, equilibria in which all players play 

truthful strategies. Bernheim and Whinston make the following definition: 

Definition 1A strategy t1 is truthful relative to a° if for all feasible t either 

vi(a) - ti (a) = vs(a°) - t; (a°) 

2This is without loss of generality. In fact, Bernheim and Whinston (1986b) study a more general model 
in which the restriction is that ti(a) > k;. Furthermore, it is straightforward to prove that any such model 
is isomorphic to a model in which k; = 0. 

3And, of course, these strategies have to be feasible. 
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or 

vi (a) - ti (a) < vi (a°) - ti(a°) and ti (a) =0 

holds. 

Put simply, a strategy is truthful if it reflects the relative payoffs (relative to the equi- 

librium gross payoff) to the principals of any possible (off-equilibrium) action choice of the 

agent. This is the first part of the definition. The only exception to this is when ti has 

reached its lower bound of 0, so that it cannot be lowered further. This is the second part 

of the definition. Of course the interpretation of a truthful strategy is just as the princi- 

pal's compensating variation from different agent actions: the money transfer that leaves 

the principal just as well off as if the agent had chosen the reference action A In effect, 

no principal is allowed to threaten with out-of-equilibrium offers that do not reflect the 

principal's true (relative) valuation of the out-of-equilibrium agent decisions. 

The attractiveness of truthful strategies comes from two results: (i) every principal i 

always has a truthful strategy amongst her set of best-response functions to any combination 

of her rivals' (-i) strategies; and (ii) equilibria in which truthful strategies are played are 

coalition-proof. We focus first on the availability of truthful strategies and discuss coalition- 

proofness later. 

Bernheim and Whinston (1986b) prove straightforwardly that each principal i has 

amongst her best response set to others' strategies a truthful strategy. This property pro- 

vides a certain focal character for truthful equilibria, since they are simple to calculate and 

truthful strategies are always available as a best response. To see why a truthful strategy al- 

ways has to be available, consider a non-truthful equilibrium strategy. Define a new truthful 

strategy that implies the same equilibrium payment to the principal (but may conceivably 

differ off equilibrium). If the agent still chooses the same equilibrium action, therefore, the 

truthful strategy gives the principal the same payoff. If switching to a truthful strategy 

implies that the agent chooses a different action, this gives the principal the same payoff 

since the new net payoff (by definition of truthfulness) equals the net payoff if the original 

equilibrium action had been chosen. 
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This equilibrium refinement allows a reduction in the set of equilibria in this game. 

Bernheim and Whinston show in particular that in all truthful equilibria, an action a° E A* 

is chosen. That is, truthful equilibria always result in efficient agent actions. Furthermore, 

Bernheim and Whinston also have the following efficiency result about net payoffs to the 

principals: the principals' (net) payoffs are efficient in the sense that there does not exist 

another distribution of payoffs across principals that leaves no principal worse off, and 

which has the property that no subgroup of principals obtains a payoff that exceeds the 

total surplus which that subgroup adds to the total surplus that could have been created 

without that subgroup. That is, in a truthful equilibrium, the distribution of net payoffs 

to all bidders is a Pareto optimal one, among all those distributions that give no subset 

of principals a higher joint payoff than their contribution to joint surplus. In brief, all net 

payoffs are in the set (for some aE A*) E(a) - In E RI In E II(a) and there does not 

exist n' E 1-1r (a), with n' > n}, where II(a) - In E tl for all JCU, Ni < [V° (a) - 

c(a)] - [VJ(aj) - c(aj)]}. Furthermore, any member of the set E(A*) can be supported by 

a truthful equilibrium. So not only will efficient actions be chosen in equilibrium, but the 

resulting payoffs to principals are also Pareto efficient. 

Coalition-Proofness 

Finally, Bernheim and Whinston (1986b) argue for their equilibrium refinement ("truthful- 

ness") from a standpoint of stability. The kind of stability Bernheim and Whinston have in 

mind is stability when coalition-formation (that is, communication and binding agreements 

amongst subsets of principals) is possible. This stability requirement ("coalition-proofness") 

is of course just another equilibrium refinement, albeit an attractive one in this context. 

Specifically, the refinement requires that any equilibrium with this property yield a Pareto 

optimal distribution of net payoffs to all principals, among those Nash equilibria in which 

no proper subset of players has a jointly optimal deviation (that is would want to collusively 

deviate from the equilibrium strategy). Bernheim and Whinston show that all truthful equi- 

libria have this stability property, and that the agent's action choice (and the principals' 

payoffs) are isomorphic in truthful equilibria and in coalition-proof equilibria. That is, both 

equilibrium refinements result in payoffs in the set E(A*). 
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2.2 Common Agency with Symmetric Information: Non- 

Transferable Utility 

While the Bernheim and Whinston model has proven influential in applications to situations 

of political influence such as tax policy or strategic trade policy, the model does not speak 

on distributional issues. Since in the Bernheim and Whinston (1986b) framework utility is 

directly transferable (through straightforward monetary transfers), distributional concerns 

cannot be addressed in this model. Yet, these distributional concerns are at the heart 

of the questions that the model has been applied to. It is therefore important to have a 

generalization of the model that permits statements about the distribution of wealth. Dixit, 

Grossman, and Helpman (1997) provide an important generalization of the Bernheim and 
Whinston (1986b) paper, and we therefore here briefly review their model. 4 

Just as in Bernheim and Whinston (1986b), Dixit, Grossman, and Helpman (1997) 

model the game of mechanism design between I principals who non-cooperatively seek to 

control the actions of a single agent under conditions of perfect and complete information. 

The timing of the game is the same as before: the principals design payment schedules for 

an agent who, given payment schedules, takes a decision that influences the payoffs of all 

principals. Again, this game of mechanism design has a potentially large number of Nash 

equilibria. The refinement that is used to pare down the multiplicity of equilibria is, as in 

Bernheim and Whinston (1986b), the idea of truthfulness. In this framework also, a parallel 

efficiency result obtains: truthful equilibria are Pareto efficient in the sense that any other 

strategy choices by any of the players (principals or agent) would result in lower payoffs for 

at least some of the players. 

2.2.1 The Model 

As before, denote by the set of principals i=1, ..., I. 
Since utility is assumed non- 

transferable, each principal i has preferences defined over the agent's action vector a and 
her payments to the agent ti, represented by vi(a, tj). At the first stage of the game, 

principal i chooses a payment function ti(a) E Ti, where T reflects institutional constraints 

4The published paper (Dixit, Grossman, and Helpman (1997)) unfortunately does not contain the proofs 
of the propositions. The reader is therefore referred to the working paper (Dixit, Grossman, and Helpman 
(1996)). 

20 



on the feasibility of payment functions (for instance, when principals can make transfers to 

the agent, but not extract money from the agent, i. e. t2 > 0, Tt would be the set of all 

nonnegative-valued functions, etc. ). 

The agent's utility function over her action (vector) and the principals' payments is 

u(a, t). Given transfer schedules by the principals, the agent seeks to choose an action 

aEA to maximize u(a, t). 

2.2.2 Equilibrium Analysis 

Dixit, Grossman, and Helpman (1997) study Nash equilibrium in the game amongst prin- 

cipals, given that the agent responds to the given transfer schedules by choosing her action 

in a utility maximizing way. That is, the set of transfer schedules to(. ) = {t°(")}iE7 and 

the agent action a° constitute a Nash equilibrium (to(. ), a°) if, and only if, the transfers are 
feasible (t°(") E Tj for all iE : '), the agent maximizes a0 E arg maxaEA u[a, t°(a)], and every 

principal iE 9' chooses her transfer schedule such that vi [a°, t° (0°)] > vi [a1, t2 (a1)] where ai 
is defined as ai E arg maxaEA u[a, ({t° (a)}3#=, tj(a))]. (This last condition says that every 

principal chooses her best response to the other principals' strategies, given that if she alone 

were to change her strategy, the agent would respond by choosing a different action aj, and 

that no such deviation should give the principal a higher payoff. ) 

Dixit, Grossman, and Helpman (1997) prove the following equilibrium characterization, 

which replaces the best-response requirement of the equilibrium definition with a condition 

that allows interpretation of the equilibrium in terms of the relationship between any one 

principal and the agent. The intuition for this condition is the following: each principal's 
best response to the other principals' transfer schedules is to induce the agent to choose 

the action (and to choose a transfer) that maximizes that principal's utility, given that she 

cannot induce an action choice that does not give the agent at least her outside option 
(that is, at least as much as the agent would get if that principal contributed nothing). In 

particular, this condition implies that, in equilibrium, the agent obtains a payoff that is 

just as large as if one principal contributed nothing, with all other principals maintaining 

their transfer schedules (and the agent re-optimizes accordingly). The following proposition 

summarizes: 
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Proposition 2 (Dixit, Grossman, and Helpman) t°(") _ {tio(")}j y and a° are an equi- 

librium if and only if., (i) t°(") ET for all i E'J; (ii) a° E argmaxaEAu[a, t°(a)]; and (iii) 

for every iE%: 

[a°, t? (a°)] = arg max vi (a, t), 
(a, t) 

s. t. aEA, t= ti(a) for some ti(. ) E Ti, and 

u[a, ({tP 
3 a' 
(a)},, ýj, t)] ?m 

Eaxxu[a', 
({t3P(a')}j, 4i, 0)] 

Of course this implies that in equilibrium, the agent obtains just u[a°, t°(a°)] = 

maxaEA u[a, ({t39(a)}j#i, 0)] because it is in none of the principals' interest to give the agent 

more than necessary. 

As before, the equilibrium is plagued by a multiplicity of possible Nash equilibria. Fur- 

thermore, condition (iii) in proposition 2 involves maximization over all payment functions, 

which is computationally intense. Dixit, Grossman, and Helpman (1997) therefore argue 

for truthfulness as an appropriate refinement on the grounds that truthful equilibria are 

focal in the sense that every principal's best response set to other principals' strategies 

always contains a truthful strategy. The definition of truthfulness is a precise analogue to 

that used in Bernheim and Whinston (1986b), with an obvious change in notation that 

simplifies interpretation when utility is non-separable in transfers. Specifically, they define 

a truthful transfer schedule to be one which reflects precisely (in money terms), the changes 

in the principal's utility from different agent actions. Again, the interpretation is just that 

introduced earlier: a truthful transfer is just the compensating variation for different agent 

actions, relative to the principal's utility level in equilibrium. Precisely, the definition is: 

Definition 3A transfer schedule tT (a, vi*) is truthful relative to utility level vý if, for all 

aEA 

tT (a, vi*)= min[ (a), max[O, Wa (a, vi )]] 
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where cpi is implicitly defined by 

vi [a, Vi (a, v= )] = vi for all aEA, 

and 

ti(a) = sup{ti(a)Iti ET il for all aEA. 

(The definition also ensures that truthful schedules are feasible. ) Truthful equilibrium 

is similarly defined as a Nash equilibrium in which truthful strategies are played. 

In analogous fashion to the result of Bernheim and Whinston, existence of a truthful 

strategy in every principal's best response set to every combination of other principals' 

equilibrium (not necessarily truthful) strategies can be proven. This allows a focus on 

truthful strategies as in some sense "focal. " Focusing on truthful equilibria reduces the 

number of equilibria in this game and simplifies calculation of the equilibrium payoffs. 

Consider again proposition 2. It states that in equilibrium, the agent's utility is just what 

she could obtain if one principal contributed nothing, while all other principals maintain 

their equilibrium transfer schedules. Now, we can replace the equilibrium transfer schedules 

in that proposition by the utility numbers achievable in a truthful equilibrium (recall that 

tT (a, v°) only depends on the equilibrium utility level v°). 

Truthfulness in this framework without transferable utility also has the desirable prop- 

erty that the resulting allocation is efficient in the sense that no other feasible action and 

transfer schedule choice exists that increases everyone's (principals' and agent's) payoffs. In 

brief, Dixit, Grossman, and Helpman (1997) prove the following: 

Proposition 4 (Dixit, Grossman, and Helpman) Let a policy vector ao and a vector 

of payment functions t°(") that are truthful with respect to the utility levels v° = vi (a°, t? (a°)) 

constitute a truthful equilibrium. Then there do not exist an action ii and a payment vector 
1 such that (i) they are feasible: 

a¬A; and0<1a :5 ii (ä) foralliE: 1; 
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and such that (ii) they constitute a Pareto improvement: 

u(ä, t) ? u[a°, t° (a°)] 
, 

vi(ä, 1) > vi[a°, tio (a°)] for all iE : r, 

with at least one strict inequality. 

In some sense, of course, the efficiency results of both Bernheim and Whinston (1986b) 

and Dixit, Grossman, and Helpman (1997) are obvious, given truthfulness: when principals 

submit truthful transfer schedules, each principal contributes to the agent action (which has 

the qualities of a public good, since it has implications for each principal's payoff) just her 

marginal willingness to pay. This is just the familiar condition for optimality in this context: 

truthful payments equate each principal's marginal utility with the marginal payment to the 

agent. Since in equilibrium, each principal's payment is, at the margin, just what induces 

the equilibrium agent action (recall the implication of proposition 2), the agent's maxi- 

mization problem therefore equates the marginal cost (to her) and the marginal payment 

of each principal. Of course, the efficiency results have strong implications: for instance, 

in applications to political processes that determine economic policies, lobbying by special 

interest groups results in an efficient outcome (although the distributional implications may 

be very different). 

2.3 Interpretation 

We began with the observation that the uncoordinated actions of utility maximizing agents 

generally results in inefficient allocations, even under symmetric information. The remark- 

able feature of the two models we have reviewed above is that a suitable equilibrium re- 

finement (truthfulness) internalizes the externalities that several principals impose on each 

other through uncoordinated mechanism design (or "bidding") for the single agent's action. 

When we consider common agency models under asymmetric information in the follow- 

ing two chapters, efficiency will prove more elusive. The reason for this is simple: while the 

uncoordinated actions of several principals under symmetric information can easily by inter- 
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nalized through the truthfulness requirement, the informational incompleteness assumption 

introduces inefficiencies of its own. Importantly, even without the non-cooperative behavior 

of principals, inefficiencies result from the informational asymmetry. When principals de- 

sign mechanisms in competition with each other, as well as under conditions of asymmetric 

information, we should generally expect different inefficiencies to arise from the externalities 

principals impose on each other. However, it is not clear how these inefficiencies can be 

internalized through a truthfulness refinement: it is not clear what "truthfulness" implies 

in an asymmetric information setting in which principals' transfer schedules are designed 

so as to elicit the agent's private information. 

However, the efficiency results of Bernheim and Whinston (1986b) and Dixit, Grossman, 

and Helpman (1997), and the relative simplicity of the models, have proved attractive for 

researchers in a very diverse set of applications. We next turn to a brief review of some of 

the applications of the theory. 

2.4 Applications 

The literature applying the framework developed in Bernheim and Whinston (1986b) and 
Dixit, Grossman, and Helpman (1997) is large. In the following sections we review some 

of the applications the theory has found, but do not discuss all in detail. The section is 

organized by area of application. 

2.4.1 Common Sales Agents 

A natural application of the common agency framework is to the problem of choice of 

retailing structure, when firms delegate their marketing decisions. 

Although a precursor to the very general models of Bernheim and Whinston (1986b) and 
Dixit, Grossman, and Helpman (1997), an interesting application of the common agency 

methodology to common retailers is the paper by Bernheim and Whinston (1985). 

Bernheim and Whinston (1985) model the choice of retailing structure in a model with- 

out informational asymmetry. Each principal i=1,2 sets a sale price pi and delegates the 

marketing decision mq to a risk-neutral agent who incurs cost ci(m=) and obtains reward 
II(mi, xi). Demand is random, x; = Di(p, m), and i's production cost is ri(xi) = rytxi + Fi. 
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Conditioning of contracts is only possible on a principal's own variables (say, because of com- 

petition law regulations), and on the retailing structure that is chosen (that is on whether 

the agent chooses also to sell the rival principal's product or not). Importantly, principals 

choose whether or not to employ a common sales agent. 

The game of retailing structure Bernheim and Whinston analyze is the following: firms 

offer contracts (pi, Iz) for each configuration of the market (principal-agent groupings), some 

of which will be accepted by the agents, and finally each firm chooses one of the agents 

willing to accept its offer. The method Bernheim and Whinston employ to solve this game 

is first to analyze a simplified model of intrinsic common agency (that is, a model in which 

all principals contract with the same agent, and this agent cannot refuse offers), and then 

to show that the solution of this model also represents an equilibrium in the larger model 
in which retailing structure is a choice for the principals. 

In this simplified, intrinsic common agency game (in which all principals have to contract 

with the single agent), Bernheim and Whinston (1985) show that there exists an equilibrium 
in which principals choose collusive prices (and induce collusive levels of marketing inten- 

sity), and, despite observability of the agent's action, offer reward schemes based only on 

outcome ("commission") and a constant "sell out" or "franchise" fee, and that this choice 
is endogenous to the model. This characterization is intuitive: Since principals may not 

condition contracts on each other's variables, conditioning the incentive scheme on sales 

allows principal i to condition indirectly on the marketing decision m_i of the agent in the 

rival principal's incentive scheme. (Note also that agents are assumed risk-neutral. )5 

The central result of Bernheim and Whinston's paper is that the principal's problem 
in this simplified common agency game is nested in the principal's problem in the general 

game in which retailing structure is a choice variable for principals. That is, that there 

exists a separating equilibrium in the general game that has the fully collusive outcome 

with incentive schemes of the sort described above (franchise fee and commission-based 

reward). 

In their model, the common agent allows a collusive outcome. This is intuitive: Since 

there exists an equilibrium in which principals essentially sell the firm to the agent (through 

5This is a standard result for risk-neutral agents in moral-hazard problems with hidden action; cf. chapter 3. 
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the franchise fee-plus-sales commission contract), in this equilibrium each principal now only 

chooses its price. Price extracts surplus from the agent. As is usual, one principal chooses 

its price, taking the rival principal's choice as fixed, that is, we describe the principals' 

choice of a point from the set of Pareto efficient outcomes. Principals therefore set prices 

so as to maximize the total value of the surplus they can extract, that is they choose the 

co-operative (or "collusive") price. 

Zhang (1993), in a model of common sales agency, shows that sales agents fulfil not only 

a collusive role (as in Bernheim and Whinston (1985)) but that common sales agency may be 

chosen because of its precommitment value to the principals. In Zhang's model, products of 

two principals are horizontally differentiated, so that for each customer, one product always 

provides a better match than the other. Buyers, however, are badly informed about the 

suitability of each product for them. Retailers may bridge this informational gap. However, 

an exclusive agent has no incentive to turn a customer away, because she will lose the sale. A 

common agent lacks this incentive, and can advise in a more unbiased way (depending on the 

compensation schemes she is given by the two competing principals). In general, one might 

therefore expect some marginal customers (who do not purchase the good under exclusive 

sales agency) to purchase under common sales agency. Since sales agency therefore increases 

the size of the pie to be divided by the principals, it should always be chosen. What Zhang 

also demonstrates is (and this is intuitive from the foregoing discussion) that there exists 

a symmetric common agency equilibrium, in which principals pay identical compensation 

schemes, and in which sales agents give entirely unbiased advice. 
Zhang's model, while providing an answer to the question of the incentives that common 

agency settings create for the quality of advice a common retailer provides, does not apply 

to a large class of cases in which repeat purchases are important. Essentially, when repeat 

purchases matter, a different process needs to be modelled, viz. that whereby principals 

choose compensation schedules for their retailers that attract first-time buyers (who will 

then repeat purchase in the future). Many problems in which common sales agency is 

important turn out to be of that kind: common sales agents for insurance contracts; common 

retailers for savings products; travel agents; etc. A model which focuses on this aspect of 

common sales agency is presented in chapter 6. 
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2.4.2 Strategic Trade Policy 

Grossman and Helpman (1994) use the Bernheim and Whinston (1986b) model to study the 

trade policy tools chosen in a small, competitive, open economy that produces I different 

outputs, each from one of I sector-specific inputs. Lobby groups representing the owners 

of a sector-specific input can make monetary contributions to the government, conditional 

on the policy vector chosen by the government. The incumbent government is interested in 

maximizing its re-election prospects and therefore maximizes a weighted sum of total mon- 

etary contributions from lobby groups and social welfare. Interestingly, the government's 

choice here (unlike in the paper by Bernheim and Whinston where choices are discrete) is a 

continuous choice of import and export taxes or subsidies. In effect, the government chooses 

a domestic price vector: domestic prices above world prices imply import taxes and export 

subsidies, and domestic prices below world prices imply import subsidies and export taxes. 

Clearly, the domestic price for a good influences the payoff of the lobby group that owns 
the input used in the production of that good. 

Grossman and Helpman refine Nash equilibrium in contribution schedules using only 
the concept of local truthfulness (that is, contribution schedules need only reflect the lobby 

group's marginal rate of substitution near the equilibrium point, not globally). This re- 
finement is sufficient to derive the policies used in equilibrium: in general, the taxes (or 

subsidies) used in equilibrium will be greater the lower the import demand or export sup- 

ply elasticities in that sector. This is intuitive: if these elasticities are large, distortionary 

taxes cause greater welfare loss. Secondly, greater elasticities will cause greater welfare 
losses from taxation, so that lobby groups in other sectors (who share in this loss) would 

wish to increase their contributions to avoid protection in the sector with large supply or 
demand elasticities. Finally, Grossman and Helpman (1994) provide examples of the power 

of lobby groups: when there is only one lobby, it captures all available gains from the polit- 
ical relationship with the government; when all individuals are represented by some lobby, 

competition for favorable policy decisions is so intense that the government captures all of 
the surplus from the political relationships. 

Grossman and Helpman use a similar framework in their paper on the interaction of 

national political leaders in the international arena, when national interest groups can make 

conditional monetary contributions (Grossman and Helpman (1995b)), and in their paper 
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on the negotiation of trade agreements between countries when governments are influenced 

by lobby groups' contributions (Grossman and Helpman (1995a)). Further applications 

of the Grossman and Helpman (1994) model to the study of lobbying over environmental 

policy are the papers by Aidt (1998) and Fredriksson (1999). Both apply the framework 

developed by Grossman and Helpman straightfowardly, and obtain the expected conclusions 

on the political influence of pressure groups. 

In a brief application of the Bernheim and Whinston (1986b) model, Baron (1997) stud- 

ies the competition between the US and Japan over favorable trade policy for its producers 

of photographic film, Kodak and Fujifilm in the Japanese market. Both Kodak and Fujifilm 

can lobby both governments for favorable trade decisions (sanctions), and in this sense the 

model is one of competing common agency: the common agents (that is, the governments) 

compete against each other. The equilibrium characterization in Bernheim and Whinston 

(1986b) is applied straightforwardly to this case. The treatment of the common agency 

aspect of competition between Kodak and Fujifilm is brief: this "nonmarket" strategy of 

lobbying for favorable policy outcomes is only one aspect of their competition, and the two 

competitors also engage in direct market interaction. Much of the interest of the paper lies 

in its (informal) discussion of the interaction between market and nonmarket strategies. 

Largely, though, these concerns are orthogonal to those discussed in this chapter. 

2.4.3 Tax Competition 

In a common agency model with perfectly and symmetrically informed principals, Haa- 

paranta (1996) develops a model of tax competition. Two national governments compete 

for the share of investment allocated to their respective countries by a multinational corpo- 

ration. Governments compete in subsidy schedules conditional on the investment share they 

receive. Each country has fixed market size and a fixed wage rate. Governments maximize 

labor income net of subsidies, while the multinational maximizes profits (defined in the con- 

ventional way). Using the equilibrium characterization in Bernheim and Whinston (1986b), 

Haaparanta shows that in a (truthful) Nash equilibrium in subsidy schedules, increasing the 

wage rate will result in lower foreign direct investment if the impact of investment on the 

marginal productivity of labor is small. The intuition for this result is simple: if investment 

has little effect on marginal productivity, investment will not increase the demand for labor 
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by more than the subsidy needed to attract that investment. In equilibrium, subsidies (and 

investment) are likely to be low. 

The amount of investment in the equilibrium in subsidy schedules depends on the firm's 

production technology. For instance, a Leontief technology results in higher investment 

in high-wage countries: equilibrium subsidies remove the effect of wage differentials on 

investment; a Cobb-Douglas technology results in the same allocation of investment with 

or without subsidies. The intuition is the same as before: Leontief technology implies 

large changes in the marginal productivity of labor for given changes of investment, so that 

subsidies are effective in increasing the profitability of investment. With Cobb-Douglas 

technology, the impact on the marginal productivity of labor decreases with the wage rate, 

so that subsidies are less effective for high wage countries. 

The level of equilibrium subsidies again is ambiguous: starting from a position of wage 

equality, increasing one country's wage may result in either higher or lower equilibrium 

subsidies being paid. This is certainly the case when both countries have very similar wage 
levels: the higher wage country pays higher subsidies, regardless of whether this increases 

or reduces its share of investment. 

2.4.4 Special Interest Politics 

In a model of special interest politics, Persson (1998) models the provision of public goods, 

where lobby groups (each group is defined through its consumption of one particular public 

good) can lobby for public good provision. For instance, the public goods might be local 

public goods, and the lobby groups regional pressure groups that benefit from the local 

public good. Persson derives a truthful equilibrium in contribution schedules from lobbies 

and shows that typically public goods are misallocated, with lobby groups obtaining more 

than the social optimum and unorganized non-lobbyers obtaining less. Also, the fewer 

lobby groups there are the worse the misallocation to that group: a larger number of lobby 

groups would internalize the allocational inefficiencies. This result precisely mirrors those 

of Grossman and Helpman (1994), above. Persson then embeds these results in a larger 

model of elections for the legislature in a presidential system. However, these concerns of 
the paper are largely orthogonal to our own concerns here. 
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2.4.5 Multiple Regulators 

Rizzo and Sindelar (1996) provide an interesting application of a common agency model to 

the regulation of healthcare markets. In particular, they study the co-ordination failures 

that arise when an industry is regulated by several principals with different objectives. In a 

model without asymmetric information between regulated firms (in their model, physicians) 

and industry regulators (the US Health Care Financing Administration, HCFA, and the US 

Agency for Health Care Policy and Research, AHCPR), Rizzo and Sindelar model the 

impact on quantity and quality of physician services. In a very tightly specified model, they 

show that the AHCPR's concern for quantity and cost of physician services, and the HCFA's 

concern for cost control and quality of service (e. g. accessibility, patient satisfaction) result 

in quantity and quality above the social optimum, and in a price (and therefore, other 

attributes of physician services such as location of practice, condition of facilities, etc. ) 

below the social optimum. 
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Chapter 3 

Moral Hazard 

This chapter considers hidden action models of moral hazard, that is, models in which a 

principal delegates decisions to one or more agents but cannot observe the agents' actions. 

In fact, throughout this chapter, we will focus on the case where a principal seeks to control 

a single agent's actions; the multi-agent case raises a different set of issues which are largely 

orthogonal to our concerns. 1 Actions result in outcomes (over which the principal's prefer- 

ences are defined) according to some stochastic technology with positive variance. (If the 

variance of the technology were zero, the principal could infer the agents' actions precisely, 

and there would be no incentive problem, at least not in the single agent case. ) Taking 

the "right" action (the action that is most likely to generate the outcome most preferred 

by the principal) is costly for the agent: in general, the agent would like to take decisions 

less preferred by the principal. Although the principal cannot observe actions directly (for 

instance because observation is prohibitively costly), the principal can provide incentives 

based on the observable outcomes of the agent's actions. Observable outcomes are partly 

the result of the agent's actions, and partly the result of "luck; " and we should therefore 

expect the principal to reward the agent for good outcomes, and punish for bad outcomes. 

But outcome-based rewards impose risk on the agent; and for risk-averse agents, incentives 

for effort result in sub-optimal levels of risk-sharing. In general, monetary transfers to the 

agent have to be increased to satisfy the agent's participation decision. The design problem 

'For instance, observing only the joint output of a team of agents raises issues of free riding. Conversely, 
observing output of individual agents in teams (subject to correlated output shocks) may improve the 
principal's information about individual performance (Holmstrom (1982)). 
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is to balance the incentives for the "right" action against the cost imposed on the agent 

from risk-bearing. 

In fact, most of the literature has studied a more restrictive case in which the agent's ac- 

tion is one-dimensional. We follow this convention and will therefore conveniently interpret 

action as "effort. " High effort is more likely to result in good outcomes for the principal (for 

instance, profit), in the sense of stochastic dominance. In this case also, we should therefore 

expect the principal to reward the agent for high realizations of profit, and punish for low 

profit realizations. Again, the optimal incentive scheme balances increased incentives for 

high effort against the (risk-) cost imposed on the agent. 

But the intuition to reward for higher realizations of the observable outcome and to 

punish for lower realizations, only holds up to a point. In general the principal might well 

wish to design a non-monotonic incentive schedule. Assumptions that are sufficient for 

monotonicity are known, but other desirable properties such as linearity of the optimal 

incentive scheme cannot in general be guaranteed. 

The divergence between the simplicity of observed incentive schemes (for instance, the 

linearity of piece rates; or retailer's per-unit sales commissions) and the complex incentive 

schemes predicted by theory have prompted a search for the cause of this disparity. One 

reason for the relatively complicated incentive schedule that results from theory is the 

divergence between the choice sets of principal and agent: while the agent essentially is 

restricted to choosing a point on a path through the probability simplex (of distributions 

over outcomes), the principal maximizes over all real-valued functions defined over the set of 

outcomes. 2 Enlarging the agent's choice set may therefore result in simpler optimal incentive 

schemes, and possibly linearity. To build intuition, we begin our discussion of common 

agency under conditions of moral hazard in this linear incentive contracts framework, and 

then consider the general non-linear contracts case. 

A common theme of common agency models under conditions of asymmetric information 

2This intuition comes from what has come to be known as "Mirrlees's unpleasant theorem: " that for 
outcome distributions over the entire real line (e. g. the normal distribution with the agent's effort as its 
mean) and agent utilities that are unbounded from below, the first-best solution can be approximated 
arbitrarily closely through an incentive scheme that punishes infinitely for very low outcomes. For instance, 
normal distributions are completely informative in the tails: very low outcomes result from low effort with 
probability one. In order to discourage low effort, infinite punishments (that happen with sufficiently low 
probability so that the agent still wishes to participate in the scheme) deter the agent from low effort choice. 
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is that in general, non-cooperative contracting between principals creates externalities in 

incentive provision. We will encounter this inefficiency again in the next chapter, for models 

of asymmetric information. Here, the inefficiency arises because of the non-cooperative 

nature of incentive design: If principal 1 considers lowering her incentive payment to the 

agent, and for the agent, the unobservable activities are cost substitutes (lowering the 

action undertaken on behalf of principal 1 reduces the marginal cost of lowering the action 

undertaken on behalf of principal 2), then the agent will respond by lowering her action 

on behalf of principal 2 also. In equilibrium, both principals will foresee this and provide 

incentives that are more high-powered than in the second-best case. Similarly, if activities 

are cost complements, we should expect incentive schemes to be too low-powered relative to 

the second-best optimum. In general, therefore, common agency will lead to inefficiencies 

relative to the second-best optimum: the agent's performance will either be inefficiently 

low or inefficiently high. Both the general models that we discuss in this chapter have this 

feature. The other question we ask is what incentive schemes will be chosen in equilibrium. 
A result of great generality is that the aggregate incentive scheme that is used in equilibrium 

will be the cost-minimizing one. 

Briefly return to our motivating example. In terms of our organizing example, we might 

envision a situation as follows. A D. J. does more than just play records; for instance, she will 

comment on each record (favorably or unfavorably), or place records in slots on her program 

that attract a larger audience (for instance, the first record after the hourly newscast). That 

is, she can spend effort that increases the expected sales of a record. Not all of this is easily 

observable for record producers; indeed, some of this may be information that is hard to 

verify and cannot be written into (legally enforceable) contracts. Information that is more 

easily available is the D. J. 's playlist, that is, count data on how often the D. J. has played 

any given record. On the other hand, information about the frequency of play of any given 

record is almost certain to be more informative about the D. J. 's level of effort than record 

sales figures (sales figures are aggregates of the effort levels of several D. J. s; they are the 

result of other means of advertising; etc. ). Record producers may therefore wish to base 

incentive contracts on this count data (number of times a record is played). 

The general conclusion from the models reviewed in this chapter should therefore be 

that, in general, the incentives given to the D. J. are inefficient, in the sense that the D. J. 's 
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actions will be inefficient. However, as the general models predicts, the aggregate incentive 

scheme given to the D. J. will be the cost-minimizing one: although it may not result in 

the second-best optimal action, the (aggregate) incentive scheme is the least cost way of 

obtaining that agent action. 

3.1 Outline 

The chapter begins with a review of the theory of moral hazard with hidden action in the 

single-principal single-agent case. Section 3.2 presents the theory of the single-principal 

single-agent case. In an essentially static model of considerable generality, it turns out that 

the incentive scheme is difficult to characterize. The section therefore proceeds to analyze an 

extension to a multi-period model, in which incentives are given for performance over time. 

The resulting incentive scheme can be written, in a reduced form, as a linear scheme. This 

simplifies the analysis considerably. Section 3.3 studies the common agency case, in which 

several principals non-cooperatively provide incentives for the agent. The section begins by 

building intuition using the linear transfers case and then studies the problem with more 

general (non-linear) incentive schemes. Finally, we review the few direct applications of the 

theory that can be found in the literature. 

3.2 The Single-Principal Single-Agent Moral Hazard Model 

3.2.1 A General Model 

In a general formulation of the problem, the principal's problem is to design a contract 

or schedule of payments (or sharing rule) to the agent contingent on observable and ver- 
ifiable outcomes of the agent's unobservable action. 3 Since the principal knows the agent 
(knows her utility function), she effectively implements the desired action through appro- 

priate contract design. The principal's problem is thus to choose actions and payment 

schedule so as to maximize her objective function subject to the constraints that (i) the 

agent obtain an expected utility not less than her reservation utility level (assumed exoge- 

3The classic references are Mirrlees (1974), Mirrlees (1976), Mirrlees (1999). For a survey treatment, cf. 
Hart and Holmstrom (1987). 
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nously determined)-i. e. that her individual rationality (IR) (or participation constraint) 

be satisfied-and that (ii) given the contract, the agent in fact wishes to take the desired 

action-i. e. that the desired action be incentive compatible (IC). A sharing rule that satisfies 

constraints (IC) and (IR) for some action is said to implement that action. The principal's 

problem is thus to choose the optimal action from the set of actions that are implementable 

by the optimal sharing rule. 

To be specific, let the agent choose an action aEA (for simplicity, it is common to 

make the further assumption that AC R). Actions are linked to observable outcomes via 

the stochastic technology x= x(a; 0), and to the principal's payoffs via the technology 

7r = 7r(a; 0); both are functions of action and state of nature 0EOC IR, where 0 is dis- 

tributed according to the distribution function G(. ) on O. The principal designs a contract 

(or sharing rule, or transfer payment schedule) t(x) of payments contingent on observable 

outcomes. 4 The principal's utility over wealth m is v(m), with v'(. ) >0 and v"(. ) < 0. The 

agent's utility is commonly assumed to be separable in wealth and action, so that her utility 

function is u(m) - c(a), with u'(") > 0, u"(. ) < 0,5 and c'(. ) > 0. This is the state-space 

formulation of the problem. 6 The principal's problem is to 

max J v(ir(a; B) - t(x(a; 9)))dG(0) 
a, t(") 

S. t. 

1 [u(t(x(a; 9))) - c(a)] dG(B) >u 

aE argm ax 1 [u(t(x(ä; 9))) - c(ä)] dG(9) 

It has been more common, however, to use the parameterized distribution function for- 

41n this literature, the sharing rule is customarily referred to as s("). We here use t(. ) for purposes of 
continuity with the following chapters. 

5If the agent is risk neutral, the moral hazard problem can be avoided ( Harris and Raviv (1979, Propo- 
sition 3)). There exists a contract t(x) =x-a (where a is chosen so as to just satisfy the agent's individual 
rationality constraint), that provides the agent with first-best incentives. Note that this contract is a "selling 
out" contract: the agent receives the payoff to her action; and her payment to the principal does not depend 
on her action. 

6cf. Wilson (1969), Spence and Zeckhauser (1971), Ross (1973) 
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mulation pioneered by Mirrlees (1974), which views the agent as controlling, through her 

choice of action, a distribution F(x, 7r; a), with associated density f (x, 7r; a), over observable 

and verifiable outcomes x and monetary payoffs ir to the principal. The principal's problem 

is thus to 

max J v(ir - t(x)) f (x, 7r; a) dx (3.1) 
a, t(. ) 

S. t. 

J [u(t(x)) - c(a)] f (x, it; a)dx >u (3.2) 

aE arg max 1 [u(t(x)) - c(ä)] f (x, 7r; ä)dx (3.3) 
äGA 

The parameterized distribution function approach may appear too restrictive. The 

general distribution function formulation gives the agent the much richer strategy space 

of choosing directly a probability distribution (or density) over outcomes. It does not, 

therefore, restrict the agent to the linearity imposed by the parameterized distribution 

function approach. This approach, though conceptually rich, turns out to be analytically 

difficult. We therefore choose to discuss the problem in its parameterized distribution 

function formulation. 

The program (3.1)-(3.3) is easily solvable for the discrete case where A= {L, H}, it =- x, 

and v"(") = 0, the interpretation being that the agent chooses one of two actions (high or 

low effort), the observable outcome being the profit accruing to the (risk-neutral) principal. 

Given this simplification, assuming that the principal wishes to implement a=H, 7 and 

(since v"(. ) =0 we can apply any positive affine transformation to the principal's utility) 

making an adequate choice of units for the principal's utility, the program (3.1) to (3.3) 

becomes: 

max J (x - t(x)) f (x; H)dx 

71f the principal wishes to implement a=L, she simply chooses a constant t(x) =a that just satisfies 
the agent's individual rationality constraint. 
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S. t. 

J [u(t(x)) - c(H)] f (x; H)dx >u 

1 [u(t(x)) - c(H)] f (x; H)dx >1 [u(t(x)) - c(L)] f (x; L)dx 

Letting A and µ be the Lagrangian multipliers for constraints (3.2) and (3.3), respectively, 

the optimal transfer schedule satisfies8 

x; L) 
u'(t (x)) - X+�(, _ 

f(x; 
)) 

(3.4) 

where A>0 and µ>0.9 

(3.4) states that the optimal sharing rule is a positive affine function of the likelihood 

ratio (f (x; H)/ f (x; L)) (Milgrom (1981)). We now need a: 

Definition 5 (Milgrom) A family of densities {f ("; a)} has the monotone likelihood ratio 

property if for every x> x' ER and a> a' E R, 

f (x; a) f (xý; a) 
x; al) f(x'; a') 

holds. 

Monotonicity of the optimal incentive scheme holds when the likelihood ratio is mono- 

8The Lagrangian for this problem is 

L(t(x); H) = f(x_t(x))f(x; H)dx 

-A 
[u 

-J (u(t(x)) - c(H)) f (x; H)dx] 

-ii 
[l 

(u(t(x)) - c(L)) f (x; L)dx -1 (u(t(x)) - c(H)) f (x; H)dx J. 

Pointwise maximization yields the desired result. 
9The individual rationality constraint must be binding (A > 0). For suppose it were slack: then the 

transfer could be reduced so that utility decreases by a constant in each state of nature without altering 
the agent's action choice. The incentive compatibility constraint must be binding (µ > 0), for suppose to 
the contrary that u=0. Then from (3.4) risk sharing is first-best (the agent is paid a constant), but the 
resulting action will be L. Assuming the principal wants to implement a=H, it follows that µ>0. The 
usual assumption that F(x; H) dominates F(x; L) in the sense of first-order stochastic dominance ensures 
that the principal indeed prefers to implement a=H. 
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tonic, that is when the monotone likelihood ratio (MLR) condition is satisfied (Milgrom 

(1981)). Little, however, can be said about the shape of the optimal sharing rule. In 

particular, there are no natural restrictions which result in a linear sharing rule. 

Letting g(H) denote the prior probability that the agent chooses a=H and letting 

g(H; x) be the corresponding posterior probability given the outcome of the agent's action, 

the likelihood ratio may be rewritten as 

. 
f(x; H) 

__ 
[1 - 9(H))9(H; x) 

.f 
(x; L) 9(H)[1- 9(H; x)] 

That is, the agent is rewarded for favorable news (g(H; x) > g(H)) and punished for 

unfavorable news (g(H; x) < g(H)). A corollary of this result is that the optimal contract 

should only be made conditional on "new" information, i. e. on outcomes that change the 

posterior; that is, information should enter the optimal contract only up to a sufficient 

statistic, a result due to Holmstrom (1979). 

Returning to the more general continuous case, but still assuming that ACi and 7r - x, 
the solution to the program (3.1)-(3.3) is much harder to characterize, due to the incentive 

compatibility constraint (3.3). A simple solution may be obtained if the constraint (3.3) 

can be replaced by the first-order condition 

J u(t(x)) fa(x; a)dx - d(a) = 0, (3.5) 

where fa(.; ") denotes, of course, the derivative with respect to action. In this case, as 
Holmstrom (1979) has shown, the optimal sharing rule satisfies 

vi (X - t(x)) 
_ 

f. (x; a) 
u'(t(x)) -A+µf (x; a) ' 

(3.6) 

where fa(x; a)/ f (x; a) is the local counterpart of the likelihood ratio. To see why, we have 

the following: 

Proposition 6 (Milgrom) A family of densities If ("; a)} has the monotone likelihood ra- 
do property if and only if for every a, fa(x; a)/ f (x; a) is increasing in x. 
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Proof. Note f=ä in f. Therefore, Va', a", 

la au 
f(x; a')/f(x; a")=exp -(fa(x; a)/f(x; a)da) 

/ 

The right hand side is increasing in x if and only if the left hand side is increasing in x.   

If the principal is risk neutral (v"(. ) = 0), a simple argument (due to Jewitt (1988)) 

establishes that µ>0. In the more general case, signing this Lagrange multiplier is much 

harder (cf. the discussion in Jewitt (1988, p. 1180n)). 

Lemma 7 (Jewitt) Given v"(. ) = 0, and placing the standard assumptions on the deriva- 

tives of u(") and c(. ), any µ satisfying (3.5) and (3.6) is positive. 

Proof. By some positive affine transformation, v'(. ) = 1. Substituting (3.6) into (3.5), 

we have 

f 
B(t(x)) ('» -f (x; a)dx - pd(a) = 0. 

Integrating both sides of (3.6), and noting that the identity ff (x; a)dx -1 implies 

or 

we obtain 

äaf 
(x; a)dx = 0, 

aJ 

J fa(x; a)dx = 0, 

1 
f(x; a)dx =X u* (x» 

The covariance of u(t(x)) and u, 
is thus equal to µc'(a). 1e By assumption, c'(. ) > 0, 

and since u and ü are monotone in the same direction, µ>0. If u=0, t(x) = const., so 

that (3.5) fails. Therefore it > 0.   

'°Note that, for any random variable X, cov(a(X), b(X)) =E (a(X) (b(X) - E(b(X)))] - 
E (E(a(X)(b(X) - E(b(X))]. But of course E [E(a(X)(b(X) - E(b(X))] = 0. 
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However, replacing (3.3) by (3.5), which has come to be known as the "first-order ap- 

proach, " is not in general admissible. Rogerson (1985) presents conditions (specifically, 

MLR and the convexity of distribution function (CDF) condition) under which the first- 

order approach is valid. Jewitt (1988) proves sufficiency of the first-order approach under 

more palatable conditions. 
Although Holmstrom's sufficient statistic result holds for the more general case, this 

is about all that can be said about the problem in general. Even such supposedly basic 

properties of the sharing rule as monotonicity can no longer be guaranteed. 11 Generally, 

the optimal contract can only be shown not to be declining everywhere and not everywhere 

to be increasing faster than the principal's payoff (Grossman and Hart (1983)). 

Holmstrom's sufficiency results can be extended to a multi-agent setting (cf. Holmstrom 

(1982)). 12 In particular, Holmstrom shows that, if and only if there exists a sufficient statis- 

tic for output (or the observable outcome), each agent's contract should be based solely on 

that statistic. A corollary of this result is the importance of relative performance evalua- 

tion. When individual agents' outputs are not independent (for instance, the technology 

with which output is produced depends on a common, as well as an individual, uncertainty 

parameter) then agents' transfer payments should depend on individual, as well as group 

(or team), output. In this case, letting the payment schedule depend on peer performance 

allows extraction of information about the common uncertainty. 

3.2.2 Intertemporal Incentives and Linear Incentive Contracts 

The fact that even very simple economic settings result in highly nonlinear sharing rules is at 

odds with the casually empiricist observation that linear incentive contracts seem prevalent. 

Furthermore, from a modelling point of view, nonlinear sharing rules are difficult to work 

with. Holmstrom and Milgrom (1987) show that giving the agent an action space that is 

richer than the (essentially one-dimensional) choice of a function through the probability 

simplex over outcomes (as in the usual parameterized distribution function approach), may 

"If the first-order approach is valid, MLRC is sufficient to guarantee monotonicity. If the first-order 
approach is not valid, either both MLRC and CDFC or a condition known as the "spanning condition" 
(Grossman and Hart (1983)) are needed to guarantee monotonicity. 

'2Note that in a multi-agent setting, moral hazard may arise even when agents are risk neutral. This is 
the case when individual agents' contributions to output (or the observable outcome) cannot be observed 
with certainty. 
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result in "linear" sharing rules. The multi-dimensionality they introduce is the choice 

of actions in an intertemporal setting: In each period, the agent (at a cost) chooses a 

probability distribution over outcomes. The agent's strategy is therefore the process {pt}. 13 

The model is based on the parameterized distribution function approach. We begin 

here with a discrete outcome space, but the extension to continuous outcomes is (at least 

conceptually) straightforward. There are T time periods. In period t, the agent chooses a 

probability distribution pt = (pt 
, ..., pN) EPC AN over N possible (publicly observable) 

outcomes xt , ..., xN, and corresponding profits for the principal, 7ri , ... ýN, at cost c(pt) . 
Denote the outcome of the agent's choice of pt as xt, and the profit to the principal as 

Ict. As before, and for expositional clarity only, we assume lrt = xt, that is, the principal's 

payoff is defined over observable outcomes. 

Importantly, the agent observes Xt_1 = (x1, 
..., xt_1) before choosing pt (she does not 

forget), so that her strategy is the process {pt(Xt_1)}. Crucially also, principal and agent 

have an exponential (constant absolute risk aversion) utility function, so that u(m) = 

- exp(-rm), and v(m) =- exp(-Rm), where r and R are the constants of absolute risk 

aversion for the agent and the principal, respectively. 14 Both principal and agent care only 
for the level of their final wealth after period T, which is t(XT) - ýT 1 c(pi) for the agent, 

and ET 1 Iri - t(XT) for the principal. The incentive scheme t(XT) is, of course, dependent 

on the entire history of the outcome process. 

The separability bought by CARA utility (no wealth effects) and the knowledge of all 

previous outcomes at the time of making the next action choice, allow the modeler to view 

each period-t decision problem as separate (and, up to differences in wealth, identical). In 

each period, the agent is therefore paid a wage to ensure participation, and a premium if 

the good outcome is observed. Overall, the incentive scheme rewards for the total number 

13For expositional simplicity, we outline the discrete time version of the problem. 
"Note that CARA implies that wealth effects can be factored out in the following way: 

u(w + iu) =- exp(-r(w +- w)) _ -(- exp(-rw))(- exp(-rw)) = -u(w)u(w), 

which implies, for instance, that if the individual rationality constraint holds for some outside option (certain 
equivalent), it also holds for any other outside option certain equivalent w. That is, if f u(x) f (x)dx > u(0), 
then 

J u(x + O) f (x)dx = -u(w) J u(x) f (x)dx > -u(w)u(0) = u(w) 

Similarly, it can be shown that wealth effects have no effect on incentive compatibility constraints. 
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of "successes"-a "linear" reward schedule. 
To build intuition, assume initially that the technology that the agent operates is gov- 

erned by a Bernoulli process (as in Holmstrom and Milgrom (1988)) and the agent controls 

the probability of success; that is, with probability pt the outcome in period t is xt = 1, 

and with probability 1- pt, the period-t outcome is xr = 0. We will later generalize to 

a multinomial process. Assume also that there are only two periods, T=2. Finally, let 

the principal be risk-neutral (R = 0). None of these assumptions are crucial in a general 

formulation of the model. 

In period 1, the agent chooses pl, and either of the two outcomes {0,1} realizes. In period 
2, the agent chooses pt2 (where i=0,1 indicates the period-1 outcome), and either of the 

two outcomes {O, 1} realizes. The agent obtains reward t11 -t ({1,1}) with probability 

p1p12, reward t10 -t ({1,0}) with probability p, (1 - p12), and so forth. Now write the 

principal's problem as: 

max Pi [P12 (2 - t11) + (1 - P12) (1 - t10)] + (3.7) 
PL, 2, Po2, tII AO 4000 

+(1 - Pi) [P02 (1 - toi) + (1 - P02) (0 - tOO)] 

S. t. 

PlP12U (tll 
- C(p1) - C(P 2)) +Pl(l - p12)u (tlo 

- C(p1) - C(P12)) + (3.8) 

(1 - pi)Po2u (toi - c(Pl) - c(P02)) + (1 - pi)(1 - Po2)u NO - c(Pl) - c(P02)) 

> li=u(0) 

Pi = arg max5iu (TV, (. ) - chi)) + (1 - Pi)u (ti'ýo(. ) - c(Pi)) (3.9) 

(3.10) Pie = arg maxpa2u (t11 - c(13i2)) + (1 - 73 2)u (tzo - o(Pi2)) , 
for i=0,1 

Pit 

where W (p; 2, t20, t; l) is defined as the solution to 

u(1V (")) = Pi2U (tit - c(Pi2)) + (1 - Pi2)U (tlo - c(ris)) 
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i. e. the certain equivalent of the period-2 lottery when action pi2 is taken, given sharing 

rule (tio, til). 

By normalization of the agent's outside utility in terms of zero certain equivalent, (3.8) is 

the individual rationality constraint, (3.9) is the period-1 incentive compatibility constraint, 

and (3.10) are the period-2 individual rationality constraints, one for each period-1 outcome. 
From (3.9) (the period-1 IC constraint), pl is determined by the difference IV, (. ) -WO(-) 

(an implication of CARA). The principal therefore ensures first-period incentives through 

appropriate choice of this difference; the levels are pinned down by (3.8), which binds at 

the optimum. The important feature of CARA is therefore that the principal can treat the 

two constraints (3.8) and (3.9) separately. 

Next, consider the following set of auxiliary (period-2) problems, supposing that tiVl(") 

and Wo(-) are exogenously chosen (at wl and wo, respectively) to provide the right (period- 

1) incentives. The principal seeks to 

(3.11 maxpi2(x1+1-til) +(1-Pi2)(x1+0-ti0) 

S. t. 

Wi(i2, ti0, tit) = Wi 

and (3.10). 

(3.12) 

The set of equations (3.12) are IR constraints, ensuring that the agent's expected utility 

in each period-2 problem is (at the optimum) just large enough to provide the desired 

(period-1) incentives, that is such that 

u(V (12, too, tii)) = Pau (tai - c(Pj2)) + (1 - pi2)u (tao - C(Pi2)) = u(wi). 

Just as in the period-1 problem, in the auxiliary problem, p12 is determined by the 
difference t; l - to (through (3.10)), and do is chosen so as to ensure participation (3.12). 

The difference t; i - t; o, as well as pie, is therefore independent of wi (again an implication 

of CARA). An important implication of this independence is that the auxiliary problems 
for i=0 and i=1 are of the same form, so that in a solution to the principal's problem, 

44 



tii - do = toi - too. This, of course, implies that pot = P12. 

We now need to ensure that Wi (pi2) too, tii) - Wo (P02, too, toi) _ w, - wo, as required 

by (3.12). It is necessary (and sufficient) therefore to have wl - wo = tlo - too. ' Since we 

know that t11 - tlo = tol - too, this implies that wi - wo = tll - to, 

Considering now the period-1 problem, it is straightforward that since the period-1 

problem and each period-2 problem are technologically identical (up to wealth differences) 

we must have pl = pi2 and wl - wo = ti1 - too = toi - too. 

Now define a as the reward for success in period 2 when the agent was unsuccessful 

in period 1: a= toi - too. But from tip - do = toi - too we know that this is also the 

reward for success in period 2 when the agent was successful in period 1. Furthermore, 

since t11 - do = toi - too = wi - wo = do - too = t11 - toi, we also know that this has to 

be the reward for success in period 1 when the agent is either unsuccessful or successful in 

period 2. We therefore have 

toi = do = too +a 

and 

tii = too + 2a. 

In other words, the agent is rewarded purely on the number of successes, regardless of when 

they occur. In a T-period model, define X as the number of successes, i. e. X=j: T 
1 xi. 

The incentive scheme only needs to be based on that statistic; that is, it is of the form 

t(XT)=t(X)=ax +/3. 

In a more general discrete time model, the agent may be conceptualized as operating 

a multinomial process with J possible different outcomes in each period. The model can 

"Note that, since p02 = P12, we can write c(pos) = c(p1z) = c. 

u(wl - wo) = -u(wl)u(-wo) = 
pu(til - c) + (1 - p)u(tio - c) 
pu(toi - c) + (1 - p)u(too - C), 

CARA utility allows us to factor out c; noting further that tll - to = to, - too, we can expand the above 
expression by ü to ü ito to obtain 

u(wl - wo) = u(tlo - too). 
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easily, and with only minor modifications, be extended to this case. Again, the optimal 

incentive scheme is of the form t(XT) = t(X(j)) _ EjJ=1 ajX(j) +, 0, where X(j) is the 

number of times that outcome j occurs. 

A cleaner analysis obtains when the length of each period goes to zero. This is the model 

in Holmstrom and Milgrom (1987). The agent controls the constant drift rate of a (one- 

dimensional) Brownian motion process over the unit time interval, and the discrete-case 

Bernoulli assumption approximates to a normal distribution over the number of successes 

in the continuous case. Similarly, in the limit, the multinomial discrete case converges to a 

multi-dimensional Brownian motion process with the agent controlling the drift vector. 

The continuous case approximation therefore motivates the following reduced form 

model: The agent, with utility u(m) =- exp(-rm), chooses action a, where output is 

related to action according to the technology x=a+0, with 0 ti N(0, a2), and contracts 

are restricted to the linear form t(x) = ax +, 3. We use this linear model to build intuition 

for the common agency case. First, however, we study the linear model in a single-principal 

single-agent framework. 

Note that the agent's objective may be written in terms of the agent's certain equivalent, 

so that she seeks to16,17 

max as +ß- 
2ra2a2 

- c(a). (3.13) 

At any solution to the principal's program, therefore, the agent chooses her action such that 

"The certainty equivalent (CE) for 0- N(µ, a') is calculated as follows: 

exp(-rCE) =J exp(-r(aa + a0 + ß)) 1 
exp(- 

(0 - µ)ý )d0 
27ra2 202 

= exp(-r(aa +0+ aµ)) 
2 __ exp(-ra(0 - µ)) exp(- 

(0 _ tl)2 )d0 
I= 

exp(-r(aa +Q+ aµ -! ra2a2)) 
f2 

ý1 ýý 
exp(_a4r2a2 - 2o2ra(0 - {t) - (0 - µ)2 )d0 

= exp(-r(aa +0+ aµ -2 ra2a2)) 
f 

2ýa2 
exp(- 

(0 - µ2 a 2ra)2 
)d0 

but the integral is just over a normal density with mean µ- Q2ra, so that we have 

exp(-rCE) = exp(-r(aa +ß+ aµ - 2ra2a2)). 

17This example follows Holmstrom and Milgrom (1988). 
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a= c'(a). 

Similarly, the principal's objective may be written in terms of her certain equivalent 

(recall that the principal is assumed risk-neutral), 

(1-a)a-ß. (3.14) 

Since we know that the outcome of contracting will be Pareto optimal (the principal maxi- 

mizes utility subject to the agent's utility being maximized), the Pareto optimal allocation 

will maximize the sum of (3.13) and (3.14), that is 

max a-2 rata 2- c(a) 

s. t. a= c'(a). 

(3.15) 

To build intuition, let the agent have the following cost structure: c(a) =2 a2. In this 

case the solution to program (3.15) has a= 1+Ta7- 
The solution implies that, as our earlier discussion has suggested, the first-best solution 

(risk-neutral agent, r=0, or no uncertainty, a2 = 0) has the agent own the technology 

(a = 1). In second-best, the agent's share of profits is greater the lower her risk aversion, 

or the lower the risk in the technology the agent operates. 

It is a useful exercise to consider the case in which the agent has two tasks. These results 

will provide the (second-best) benchmark case for our discussion of common agency, below. 

In slight abuse of earlier notation, let xi denote the outcome in task i, and let a; denote 

the agent's action (or effort) in task i. Assume that the technology the agent controls is 

of the following simple additive and separable form: xi = ai +Oj, for i=1,2, where the 

9i are drawn from a bivariate normal distribution. Given that the optimal linear scheme is 

t(x1, x2) = alxi + a2x2 + ß, the agent seeks to maximize her certain equivalent, 

max CE(a, a) . alas + a2a2 +Q-r (aioi + a2Q2 + 2ala2o12) - c(a), (3.16) 

where 612 denotes cov(01i 62). In any solution to the principal's problem, therefore, the 

agent will choose her action vector a such that ai = ci. (a) = c(a), for i=1,2. Again, Ya-i 

the Pareto optimal solution maximizes the sum of the principal's and the agent's surplus, 
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subject to ai = cj(a), i=1,2, so that the problem is to 

max CE(a, a) + J> 
- a=)ai, (3.17) 

s. t. ai = c; (a). 

The solution to this program has 

OCE 
- ai + ýý1 

- a3) 
ßäi 

= 0, for i=1,2 

or written out 

j) 
9äi 

=r (co + ado 12) , for i=1,2 (3.18) 

j 

where a12 again denotes cov(91,02). The agent's first-order condition ai = ci(al(al, a2), 

a2(a1, a2)) implicitly defines functions ai(ai, a2), which we can differentiate to obtain 

äa1 
_ 

ch 
aai C11C22 - 

(012)2 

aaj cij 

1901 C11C22 - (012)2. 

Define 0= C11C22 - (c12)2, so that the first-order condition (3.18) may be rewritten 

(1 - ai)cjj - (1 - aj)ci = r0 (aua? + a, a12) , 
for i=1,2. (3.19) 

Below, we will use this solution to program (3.17) as the second-best benchmark for 

comparison with the non-cooperative provision of incentive schemes by several principals. 

The comparison is natural: (3.19) can be viewed as giving the optimal incentive scheme 

when two principals co-ordinate in their choice of transfer schedules. 
Note also that if c12 =0 and 0'12 =0 (activities are technologically and stochastically 

independent), al and a2 are independent of each other. Again, if the agent is either risk 

neutral or there is no uncertainty, the optimal incentive scheme has the agent owning the 

technology (ai = 1). If there is no uncertainty about one of the outcomes, in general the 
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principal may still wish to provide incentives on that activity because it changes the agent's 

opportunity cost for choice of action in the other activity (so ol=0 need not imply al = 1, 

but will imply this if 62 =0 also). 

3.3 Common Agency under Moral Hazard 

In this section, we study the available common agency models under conditions of moral 

hazard. To build intuition, we begin with the common agency model in Holmstrom and 

Milgrom (1988). The model uses linear incentive contracts, in the spirit of Holmstrom and 

Milgrom (1987), which simplifies much of the analysis. We then turn to the more general 

non-linear contracts case studied by Bernheim and Whinston (1986a). 

3.3.1 The Case of Linear Incentive Contracts 

This section analyzes common agency in the Holmstrom and Milgrom (1987) linear contracts 

framework. We continue with the same notation as above. However, our primary interest is 

now a description of the (Nash) equilibria achievable in the game amongst principals. Two 

principals non-cooperatively design incentive schemes for a common agent, who operates 

two technologies or "tasks, " i=1,2. As is standard, the agent decides privately on the 

amount of effort she spends in each task. Each principal i has an interest only in the agent's 

effort in task i. 

Two situations are of interest, depending on what principals can observe. Holmstrom 

and Milgrom (1988) analyze the case of disjoint observations (each principal i observes 

zi = xi), or joint observations (principal i observes zz = (x1ix2)). 

Disjoint Observations 

Under disjoint observations, principal 1 maximizes the joint surplus of principal 1 and the 

agent, that is she 

max Si ° al + ca2a2 -c (a) - 
ýr 

(a, 
1+ a2 Q2 + 2ala2Q12) 
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with the first-order condition 

aal 0a2 aal 0a2 
äa1 + a2 äa1 - ci äa1 - C2 äa1 = r(aial + a2612)- 

A similar condition holds for the maximization of the joint surplus between principal 2 and 

the agent. Note that the agent's incentive compatibility constraint (first-order condition on 

action) is ci = at, so that the first-order condition for principal i's problem becomes: 

9ai 
(1- ai)äai =r (aiýý + ajcrl2) ' for i=1,2; j ý-` i. 

Using a Taylor approximation for the cost function, Holmstrom and Milgrom (1988) 

obtain the following approximation to the first-order condition: 

(1 - ai)cjj = r0 (aia + a3a12) , for i=1,2; j 54 i 

where A= C11C22 - (c12)2. Compare this to the first-order condition in the second-best 

(co-operative) case: 

(1 - ai)cjj - (1 - aj)csj = r0 (co + %o12) , for i=1,2; j 54 i 

An obvious conclusion is that common agency does not introduce any additional distortion 

if the two activities are technologically independent, i. e. if c12 = 0. Intuitively, if one 

activity does not make the other more or less costly (at the margin), there is no room 

for contractual externalities between principals. Similarly, when ai =1 for both activities 

(e. g. when the agent is risk-neutral or there is no uncertainty), there will be no harm from 

common agency. 

Interestingly, consider the case where the two activities are stochastically independent 

(0'12 = 0). If the two activities are cost substitutes (c12 > 0), then incentive provision 

in common agency is greater than in second-best; similarly, if activities are complements 
(c12 < 0), then incentive provision in common agency is lower than in second-best. The 

intuition is that raising incentives in one activity leads the agent to work harder at the other 

activity if c12 < 0. This means that principals' incentive schemes may be less high-powered 
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than in second-best. 

Joint Observations 

Holmstrom and Milgrom (1988) next consider the case of joint observations, where each 

principal i observes zi = (x1) x2). Each principal can now provide incentives conditional on 

performance in both tasks. Denote by c the incentive provided by principal i on x2. The 

(total) incentive for the agent to perform task j is therefore a3 = aid + a23. 

As before, we look for the Pareto-efficient incentive payments, that is we maximize the 

joint surplus of principals and agent. The joint surplus of the agent and principal 1 is 

Si = (1 + a2i)ai + a22a2 - c(a) - 2r (aiai + a2 v2 + 2aia2012) , 

and the joint surplus of the agent and principal 2 is 

. 
S2 = algal + (1 + al2)a2 - c(a) -1r (aia .+ a2Q2 + 2a1a2Q12) 

Of course in equilibrium both principals will wish the same aggregate incentives, so that 

we must have 1+ a21 = all and a22 =1+ a12, so that (using aj = alj + a2j) we have 

aii = ii, and aj2 = MFI. This implies that in equilibrium, each principal provides a 

high-powered incentive scheme on the performance in the task that enters that principal's 

payoff function, but each principals offers a negative incentive payment for the other task. 

In effect, principals use the agent to effect side payments to each other via the agent. Using 

these incentive shares in the surplus expressions, and maximizing, Holmstrom and Milgrom 

(1988) obtain the following characterization for equilibrium: 

äaß 
j) = 2r (aio 2+ aj012) , 

for i=1,2 
c9aý 

i 

or again, using a Taylor approximation for cost, 

(1 - ai)C22 - (1 - a2)ci2 = 2r0 (aioli + a2a12) 
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-ý1 - ai)c12 + (1 - a2)c11 = 2r0 (a2o'2 + a1Q12) . 

Again, comparing with the second best solution (3.19), aggregate shares are set as if 

each agent's constant of absolute risk aversion (r) were doubled. Naturally, this implies 

lower-powered incentives, and lower performance. 

Holmstrom and Milgrom's results illustrate clearly the nature of the contractual exter- 

nality in this common agency setting: two principals simultaneously provide incentives for 

an agent to perform two different tasks. When observations are disjoint, and the activities 

are technologically independent, non-cooperative contracting has no implication for output: 

there is no room for principals to impose externalities on each other. When tasks are re- 

lated through the agent's cost function, we obtain an effect we also encounter in chapter 

4: through their incentive-setting, principals impose externalities on each other. Suppose 

activities are substitutes: if principal 1 increases her incentive payment to the agent, the 

agent will work less hard at activity 2: a negative externality. This means that principal 2 

will have to increase her incentive payment to the agent. The incentive scheme will be more 
high-powered than in (the co-operative benchmark case) second-best. When activities are 

complements, the opposite is true: since an increase in principal 1's incentive payment leads 

the agent to work harder at principal 2's activity, we have a positive externality, and lower 

than second-best incentive provision. With joint observations, there is a novel twist to this 

intuition: When principals can observe outcomes in both tasks, each principal can insure 

the agent against the risk imposed by the other principal in her incentive scheme. This 

leads to increased incentive shares paid by each principal on her activity. But since some of 
this is received by the other principal as a side payment (recall that with joint observations, 

aii >0 and aij < 0), free riding results in an equilibrium level of incentive provision below 

the co-operative benchmark case. 

A similar modeling exercise is conducted independently by Dixit (1996) and Dixit (1997). 

Dixit uses a multitask version of the linear contract model of Holmstrom and Milgrom (1987) 

to address the inefficiencies created in a common agency setting with multiple principals 

and joint observations. Except for the generalization to the case of I principals, the model 

contains no new insights or indeed departures from the model in the unpublished paper by 

Holmstrom and Milgrom (1988). Unsurprisingly, Dixit finds that, if I risk-neutral principals 
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non-cooperatively provide incentives for a single common agent, the effect is the same as 

if the agent's constant of absolute risk aversion had been increased I-fold. This is just the 

I-principal generalization of the result Holmstrom and Milgrom (1988) obtained for the 

two-principal case, and which we have outlined above. Dixit rehearses the model to address 

the question of why incentives in government bureaucracies are typically weak; the obvious 

answer is that the non-cooperative behavior of several principals weakens the incentive 

scheme for the common agent. 

After having built intuition in this simple linear contracting framework, we turn next 

to the more general model in Bernheim and Whinston (1986a). 

3.3.2 The Case of Non-linear Incentive Contracts 

The general theory of common agency under conditions of moral hazard is presented in 

Bernheim and Whinston (1986a). Several principals non-cooperatively offer a single agent 

incentive schemes under moral hazard. In their paper, common agency is intrinsic; i. e. the 

agent can participate in either all or none of the principals' incentive schemes. 

The modelling approach is much like that in the single-principal single-agent case: an 

agent chooses unobservable actions, and is given incentive schemes (based on observable 

outcomes) by two principals. As is usual, for given incentive schemes the agent chooses the 

action that maximizes her utility (so the incentive schemes have to be incentive compatible), 

and she always has the option not to participate in any of the principals' mechanisms. 18 

Now, however, the focus is not only on a description of the optimal incentive scheme and 

the implementable actions, but on a description of the equilibrium outcome in the incentive- 

setting game amongst principals. That is, each principal creates incentives for the agent, in 

competition with her rivals, but will only do so if she can guarantee herself an equilibrium 

payoff greater than that she could achieve by not interacting with the common agent. 

"Note that the assumption of intrinsic common agency requires that the agent either partake in all or 
none of the principals' incentive schemes. Delegated common agency would allow the agent to accept some 
principals' incentive offers and not those of others, that is, it would introduce additional constraints on 
principals' actions. 
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The Model 

The model in Bernheim and Whinston (1986a) is a straightforward extension of the single- 

principal single-agent model, above. 

Let there be I risk-neutral principals i, who contract non-cooperatively with a single 

agent. The agent's action choice induces a distribution p- (pi, 
..., pr, ) over the N-vector of 

possible outcomes for each principal i, xi . (xi, 
..., x' ). Bernheim and Whinston model the 

problem using a discrete version of the general distribution function approach, so that the 

agent is modelled as choosing some probability distribution pEP CON directly (where 

ON is the N-dimensional unit simplex). 

Each principal i designs a transfer schedule (or sharing rule) t' = (ti, ..., tN) E N, 

contingent only on observable (and verifiable) outcomes, but importantly each principal 

can observe (and condition her contract on) the entire probability distribution p, that is, 

the agent's contract actions in every principal's incentive scheme. Principal i's expected 

utility given risk-neutrality is therefore p" (xi - ti), and her outside utility level is fixed at 

x'. The agent cares only about aggregate transfers t= E1 1 tz. 

Denote the set of implementable distribution-transfer pairs C- {(p, t)lp can be im- 

plemented by t}. (C could be defined by the conventional participation and incentive- 

compatibility constraints, or a more general constraint. ) Principal i's problem then is to 

max p" (xi - ti) (3.20) 
P'ti 

s. t. 

(p, to + tö) E C, (3.21) 
9=1, jLi 

where the subscript 0 denotes a principal's equilibrium choices. 

In a non-cooperative equilibrium in this common agency, principals offer the agent 

optimal contracts given the contracting choices of the other principals, and each principal 

wishes to participate: each principal's expected utility has to exceed her reservation utility 

level, x1. We can therefore define non-cooperative equilibrium in this common agency game 

as the I+1 tuple (po, {tö}s 1), where, for all i=1, ..., I, the pairs (po, t p) are solutions to 
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the maximization problem (3.20)-(3.21) and 

PO "(x: -tö)? xz (3.22) 

holds for all i=1, ..., I. 

Alternatively, by a change of variable, we can characterize an equilibrium (po, {tö}i 1) 

as follows: for all i=1, ..., N, 

I 
(poi to) E arg ýatx p (x2 +E io - t) (3.23) 

j=1, j#= 

S. t. 

(p, t) EC (3.24) 

and such that 

Po " (xt - to) >V (3.25) 

holds. The interpretation of the equilibrium characterization (3.23)-(3.25) is that each 

principal offers her optimal contract by first undoing the other principals' incentive payments 

and then choosing an aggregate incentive scheme. 

An Alternative Equilibrium Characterization 

Define x-E1 xi, and x- E1 1x. Bernheim and Whinston (1986a) show that, for some 

allocation of transfer payments tö, ..., tö between principals, (po, to) can arise in equilibrium 

if, and only if 

(po, to) E arg matxp " (x + (I -1)to - It) (3.26) 

S. t. 

(p, t) EC (3.27) 
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and such that 

PO (x - to) >x (3.28) 

holds. For a simple intuition, suppose tö = tö for all i, j=1, ..., I. Dividing the maximand 

in (3.26) by I, each principal seeks to maximize I-s+ to - t. That is, each principal gets 

an equal share of the net total monetary outcome (I - ý), then undoes the other principals' 

incentive payments (by extracting from the agent to) and designs an aggregate incentive 

payment t. This intuition is evidently similar to the interpretation of the equilibrium 

characterization (3.23)-(3.25). The intuition can easily be generalized to any distribution 

of outcomes and incentive payments across principals. This equilibrium characterization 

later allows comparison with the cooperative solution. 

The Cooperative Benchmark Case 

The cooperative outcome is of course isomorphic to the outcome in a single-principal single- 

agent problem where the principal chooses (p,:, tc) E arg maxp, t p" (x - t) s. t. (p, t) E C. 

Properties of the Equilibrium 

Two questions about non-cooperative equilibrium are immediate: First, what can be said 

about the properties of the aggregate equilibrium incentive scheme? From the equilibrium 

characterization (3.26)-(3.28) follows straightforwardly the following 

Proposition 8 (Bernheim and Whinston) If (po, {tö}= 1) is an equilibrium, then the 

aggregate incentive scheme is the cost-minimizing one, i. e. to E arg mint P0 .ts. t. (pp, t) E C. 

Proof. (sketch) The interpretation of the equilibrium characterization (3.23)-(3.25) 

(and similarly, (3.26)-(3.28)) was that each principal may be viewed as undoing the other 

principals' contract offers and then offering an aggregate incentive scheme. A utility- 

maximizing principal will therefore, in equilibrium, choose the cost-minimizing aggregate 
incentive scheme. In this sense, the outcome of the common agency game is efficient.   

Second, we are interested in the equilibrium agent action: How does the action that 

is implemented in a non-cooperative equilibrium compare to the cooperative benchmark? 
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Bernheim and Whinston (1986a) show that, in three special cases, the cooperative equilib- 

rium can be achieved through non-cooperative contracting. Specifically, the cases Bernheim 

and Whinston (1986a) analyze are: (i) the cooperative incentive scheme t, is constant and 

the aggregate (non-cooperative) minimum cost incentive scheme that induces minimum ef- 

fort from the agent, is constant; (ii) any agent action can be implemented at least cost by 

the same incentive scheme; (iii) under the standard principal-agent assumptions on C, the 

agent is risk-neutral. In any of these cases, the following holds: 

Proposition 9 (Bernheim and Whinston) In these special cases, the non-cooperative 

game will implement the cooperative (second best) action through the cost-minimizing (sec- 

and best) incentive scheme (pa, ta) . 

The intuition for this result works along the following lines: consider the risk-neutrality 

case. If the agent is risk-neutral we know that the second-best incentive scheme is to 

sell the firm to the agent for a flat fee. In the common agency case, deviations from the 

cooperative benchmark are introduced through contract externalities that principals impose 

on each other. For instance, as we have seen in section 3.3.1 above, if one principal imposes 

a more high-powered incentive scheme, this will lead the agent to work harder in that 

principal's task; but if activities are related (say, through the agent's cost function), this 

has implications on the rival principal's desired incentive scheme. If the agent is risk-neutral, 

there must therefore exist a symmetric equilibrium, in which both principals use a constant 

incentive scheme. But by the previous proposition, we know that the aggregate incentive 

scheme has to be the cost-minimizing one. 

This conclusion should not come as a surprise. In the linear contract case (section 3.3.1) 

the non-cooperative optimal incentive scheme was the cooperative incentive scheme for an 

agent twice as risk averse. Of course, if risk aversion is zero, the second-best incentive 

scheme coincides with the non-cooperative incentive scheme. 

Note also that the conditions in proposition 9 are precisely the conditions under which 
the second-best and the first-best outcomes coincide. 

In fact, there is more that can be said about the coincidence of non-cooperative and co- 

operative equilibrium actions and incentive schemes. The second-best optimal outcome can 
be achieved as an equilibrium outcome of the game amongst principals if, and only if, the 
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conditions in proposition 9 hold. That is, when the first-best and second-best outcomes co- 

incide, the non-cooperative outcome will also be second (and therefore, first) best. However, 

in all other cases, we have the usual inefficiency result: When first-best and second-best 

outcomes diverge, the non-cooperative equilibrium can never implement the second-best 

solution. 

Although Bernheim and Whinston (1986a) do not prove existence of equilibria in the 

common agency game, they give sufficient conditions for existence. For instance, under 

the standard incentive-compatibility and participation constraint assumption on C, in the 

two-action case, with a strictly risk averse agent, an equilibrium will exist (but does not 

achieve the cooperative solution). 

3.4 Applications 

The following subsections discuss some straightforward applications of the general theory. 

Despite the frequency with which Bernheim and Whinston (1986a) are cited with reference 

to common agency type models, only few papers use the Bernheim and Whinston methodol- 

ogy of common agency under conditions of moral hazard. The few papers that are available 

are reviewed in what follows. 

3.4.1 Common Sales Agency 

Bernheim and Whinston (1998) study the use of common and exclusive sales agency con- 

tracts. One of the models developed in their paper is a straightforward application of the 

theory presented in Bernheim and Whinston (1986a). 19 A retailing agent chooses retail 

prices for the products of two independent manufacturers. Products are considered substi- 

tutes. The agent's price choice is unobservable by the principals, but linked to product sales 

through a stochastic technology. Manufacturers can base incentive schemes on observable 

sales, and Bernheim and Whinston assume that these incentive schemes are linear. 

First, Bernheim and Whinston show that common or exclusive agency is chosen so as to 

maximize the total surplus available to manufacturers and agent. Further, as we have seen as 

19Bernheim and Whinston (1998) also study models of exclusive dealing under symmetric information. 
Here, however, our focus is on common agency models under moral hazard. 
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a result of the general model above, when goods are substitutes, incentive provision will be 

inefficiently high: if manufacturer A reduces her incentive payment to the agent, the agent 

will reduce her selling effort for the good of manufacturer B also. In general, therefore, 

incentive provision will be inefficiently high, and the joint profits of manufacturers and 

agent will therefore be lower than in the second-best (cooperative) optimum. This creates 

an incentive for exclusive dealing: if the joint profits of manufacturers and retailer are higher 

under exclusive agency than under common agency, we would predict exclusive agency to 

arise. In fact, when products are perfect substitutes, all equilibria entail exclusive agency. 

3.4.2 Competition for Regulatory Decision-Making 

A further example of a common agency problem is that of interest groups competing for 

regulatory (pricing decision) favors. 

Spiller (1990) models the situation where congress and an organized interest group ("in- 

dustry") compete against each other through direct money payments to a price-regulating 

industry regulator. The regulator's privately observed action induces a probability distri- 

bution over prices; the distribution has support of size two, with the high price preferred 

by industry and the low price preferred by congress. Weighting the distribution towards 

the low price is costly for the regulator. The regulator is "bribed" in the following way: 

congress sets the regulatory budget contingent on the observed price; industry can effect 

direct money transfers to the regulator, conditional on observed price. 

As we would expect, since regulator actions are technological substitutes (an increase in 

the action ("do nothing") favored by industry reduces the marginal cost of the action favored 

by congress ("do something")), the incentives given to the regulator are "too strong, " that 

is, the monetary expenditure on regulation is greater than the minimum that is required 

to obtain the equilibrium regulatory outcome. Because of the negative externality each 

principal imposes on the other, each incentivizes "too much, " relative to the co-operative 

outcome. 

The empirical implication of Spiller's model is that since principals reward on success 
(in terms of their favored price outcome), we should expect to see regulators either remain 

within the public sector (and being promoted to "better" positions, or being given a larger 

budget), or (in the absence of easily effected monetary transfers from industry to regulators) 

59 



leaving the public sector to work for the industry previously regulated by the regulator. On 

the whole (though not overwhelmingly), Spiller's data on the career paths of regulators 

confirms this prediction. 
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Chapter 4 

Adverse Selection 

This chapter considers adverse selection models of hidden information, that is, models in 

which the informational asymmetry is about a parameter in the agent's payoff (utility or 

cost) function. In the standard single-principal single-agent model, the principal designs a 

mechanism (or contract, or game) for the agent(s) to play. The mechanism design problem 

is then to set up the game so as to induce the agent to reveal (potentially through its 

actions, i. e. indirectly) its privately held information. For instance, in a simple non-linear 

pricing model where the agent knows privately a parameter of its utility function, the 

principal's problem is to design a mechanism (pricing schedule) so that each type of agent 

picks the price-quantity combination the principal has designed for that type. Generally 

this information-revelation mechanism comes at a cost to the principal: since the agent may 

gain by "lying", i. e. misrepresenting the true value of their privately known information, the 

mechanism needs to allocate some agent types informational rent in order to induce truth- 

telling (or truthful contract actions). The optimal mechanism balances the principal's gain 

from knowledge (i. e. being able to differentiate between the different agent "types") and the 

cost of allowing the agent to obtain informational rent. In the non-linear pricing example, 

the principal may want to sell more of a good to those agents who, at the margin, value the 

good more highly, but this needs to be balanced against the informational rent obtained by 

these agents, and the optimal contract may well (and generically, does) involve sub-optimal 

quantities (by comparison with the full-information case) being sold to agents with high 

(marginal) valuations for the good. The standard model therefore introduces the theme of 

an inefficiency: asymmetric information implies that rent be given to some agents; since 
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rent is costly (and related to other contract variables, e. g. output in a non-linear pricing 

model), there is generally a distortion away from the full-information (first-best) optimum 

outcome. 

In the common agency framework, a similar principle applies: each principal seeks to ob- 

tain information from agents in order to differentiate between them. The optimal contract 

again will involve some agents obtaining nonnegative rent. Now, however, the mechanism 

design problem not only is to balance the increased availability of information, and therefore 

increased benefit from differentiation between agents, against the amount of costly infor- 

mational rent. In the common agency framework, principals are engaged in a mechanism 

design game amongst each other. Each principal designs its contract having to take into 

account that the agents' actions under its contract will in general depend on the other 

principals' contracts. If principals could find ways of costlessly coordinating actions, the 

second-best outcome from the single-principal single-agent model would naturally obtain. 

In many situations of economic significance, however, the mechanism design game between 

principals should be modelled as a non-cooperative game. 1 Since in general the agents' 

actions under each principal's mechanism depend on the incentives in the other principals' 

mechanisms (they may be substitutes or complements in the agents' payoff functions), each 

principal imposes a "contract externality" on other principals. It follows from a more gen- 

eral proposition about the sub-optimality of allocations when externalities are present, that 

the provision of incentives will either be greater or less than would be (second-best) optimal, 

depending on whether the principals' contracted variables are substitutes or complements 

in the agents' payoff functions. The common agency framework therefore introduces an 

additional, "contractual" inefficiency (i. e. additional to the simple rent-seeking inefficiency 

in the single principal model): since contract variables (e. g. outputs in a non-linear pricing 

model) may interact in the agents' payoff functions, the non-cooperative mechanism design 

leads to an "indirect" (with the agents' payoff functions as conduits) contractual inefficiency. 

In terms of our (Coasean) organizing example, we might envision the question as this: 

'Even if issues of commitment could be solved, there may exist institutional features which prevent 
coordination amongst principals. For instance, in a non-linear pricing example, antitrust law may prohibit 
principals from allowing the quantities sold to an agent to depend on the quantities sold by the other 
principals. Generically, non-cooperative modelling is called for when principals cannot contract on each 
other's contract variables (allocations to the agents). 
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the radio D. J. (the single agent) has private information about a market characteristic 

(for instance, about the requirements to market recordings successfully). The practice of 

record producers (the principals) to offer payola payments to the D. J. can, in light of our 

discussion, straightforwardly be interpreted as a mechanism to elicit the D. J. 's privately held 

information. But the problem quickly becomes more complex as we consider the nature of 

the D. J. 's private information. The market for records (as opposed to the market for airtime) 

is a market for differentiated goods. The D. J. 's knowledge of its audience may therefore 

be knowledge of a taste parameter that marks the anticipated popularity of any given 

recording. Importantly, though, this points to a deficiency in the theoretical common agency 

literature: The literature on common agency under conditions of adverse selection has, until 

very recently, assumed away the central issue of the problem in our motivating example. In 

the published common agency literature the only interaction between competing principals' 

contracts is through the indirect interaction of contract allocations in the agent's payoff 

function. 2 But this clearly is not the important focus for contractual externalities in the 

Coasean problem. There, the point of mechanism design for record producers is to obtain a 

larger share of airtime (if producer A's record is played, there is less time for producer B's 

record to be played) and, by implication, to sell records in a monopolistically competitive 

market with characteristics about which the producers are imperfectly informed. This, 

of course, is a serious drawback of the common agency literature, and may explain its 

comparatively low impact on applied work. We will return to this issue after an exposition 

of the common agency methodology as studied in the published literature. 

4.1 Outline 

To build intuition for the results under common agency, we begin by reviewing the single- 

principal single-agent version of the problem. First, we have to dispose of some preliminaries. 

In the simple single-principal single-agent context, a result is available that simplifies the 

principal's maximization problem in the adverse selection model considerably: the revelation 

principle, which we therefore review briefly in section 4.2. Furthermore, a central result in 

2 Very recently, the theoretical framework for studying questions of competition (through a common agent) 
between two producers of homogeneous goods in a duopolistic market has been studied in Martimort and 
Stole (1999a). 
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the analysis of adverse selection models with hidden information (the "constraint reduction 

theorem") requires an assumption often known as "Spence-Mirrlees single-crossing". Section 

4.3 clarifies usage of single-crossing properties. In section 4.4 we analyze the single-principal 

single-agent adverse selection model. Finally, in section 4.5 we begin the analysis of the 

multi-principal single-agent version of the problem. Since the multi-agent context shifts the 

focus of analysis from straightforward maximization of the single principal's objective to 

the equilibrium of a game between mechanism designers, it turns out that straightforward 

applicability of the revelation principle to the multi-principal problem is not guaranteed. 

Before we consider the common agency version of the adverse selection model, we need to 

make this notion precise. This is the job of section 4.5.5. A closely related class of models 

studies the interaction of two principal-agent hierarchies, and we briefly review these models 

in section 4.6. Finally, section 4.7 considers applications of the general common agency 

model under adverse selection. 

4.2 General Remarks I: The Revelation Principle 

In its most general form, the revelation principle applies to very general mechanism design 

problems with a single principal and multiple agents (cf. Myerson (1982)). In such mod- 

els, agents have private information both about their type and their actions. The single 

principal's (or, mechanism designer's) problem is the implementation of a mechanism that 

takes messages sent by the agents into (a probability distribution over) the set of messages 

from principal to agents (suggestions about agent actions) and the principal's decision (or, 

allocation). The principal chooses to implement the mechanism that gives her the highest 

level of expected utility. 

The revelation principle (the term is due to Myerson (1981)) suggests that for any 

dominant strategy equilibrium3 in this general mechanism, there exists a mechanism which is 

both direct and incentive compatible4 that results in the same equilibrium outcome (Gibbard 

3A revelation principle is also available for Nash implementation. We focus on dominant strategy imple- 

mentation as the stronger equilibrium concept. Furthermore, in mechanism design problems with a single 
agent (which will be our focus), the two equilibrium conditions coincide. 

4A mechanism is direct if, and only if, (i) each agents' message space coincides with her type space and (ii) 
the principal's message (or, strategy) space coincides with the set of possible agent decisions. A mechanism 
is incentive compatible (or, a revelation mechanism) if, and only if, in equilibrium, agents report their type 
truthfully and follow the principal's suggestion on their action. The following definitions make this precise. 
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(1973), Dasgupta, Hammond, and Maskin (1979), Myerson (1979), Myerson (1982)). In 

maximizing over mechanisms the principal can therefore restrict attention, without loss 

of generality, to direct revelation mechanisms. The revelation principle allows a simple 

description of the set of allocations that are achievable; and it simplifies maximization of 

the principal's objective. 

To be specific, consider a less general situation in which agents possess private infor- 

mation only about their types, and focus attention on pure strategy implementation. This 

is the context in which we will use the revelation principle in this section. Let the set of 

agents be {j}j=1,..., J. Each agent j has preferences over a set of outcomes, X. Preferences 

are indexed by the agent's type OE O3 and represented by the utility function uj (x, 03). 

Let O= O1 x ... x ®i. Let us define terms. 5 

Definition 10 A (social) choice function g is a function g: O -º X. 

Let s2 E S3 be agent j's strategy, define a strategy profile s= sl x ... x sj and let 

S- Sl x ... x Sj, and define an outcome function h: S -º X. 

Definition 11 A general mechanism with the exogenously determined strategy space S is 

a "game form" (Gibbard (1973)) rs - (Si, 
..., Si, h). 

We will often refer to mechanisms as "contracts. " Note also that r is a game form, not 

a game, since r specifies outcomes, not payoffs. Payoffs depend, in addition, on the O j. 

Definition 12 The profile s* is a dominant strategy equilibrium of rs if, for all j, 03 E Off, 

s13 E Sj and s_j E S_i: 

uj (h(s, (ej), s-, ), 9j) >_ uj(h(s;, s_j), Oj). 

Definition 13 The social choice function g is implementable in dominant strategies by rs 

if there exists a dominant strategy equilibrium s*of rs such that h(s*(O)) = g(O) for all 0. 

5In the entirety of this chapter we restrict attention to (economically natural) deterministic mechanisms 
(i. e. mechanisms that take messages into allocations, not into distributions over allocations). Furthermore, 
when we discuss common agency games among principals, we restrict attention to pure strategies: principals 
do not randomize over the contracts that they offer. 
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Definition 14 A direct mechanism is a mechanism re - (O1, 
..., 

By, . ), i. e. a mechanism 

in which Sj = e3 for all j. 

Definition 15 The social choice function g is truthfully implementable in dominant strate- 

gies if, for all j, sj* (0, ) = Oj and s* is a dominant strategy equilibrium of the direct incentive- 

compatible (or, direct revelation) mechanism re - (e1, 
..., 

e j, g) . 

The revelation principle then states that: 6 

Proposition 16 If there exists some mechanism r, that implements g in dominant strate- 

gies, then g is also truthfully implementable in dominant strategies. 

Proof. Suppose rs implements g in dominant strategies using the strategy profile s*. 

Then, by the definition of a dominant strategy equilibrium, for all j and s'., 

uj(h(s; (9j), s', (O_3)), O1) ? uj(h(s;, s*; (9_j)), 9, ). 

In particular, let sý = s' (B''. ), so that 

u; (h(s; (e1), s'; (O-j)), Oj) >_ uj(h(s; (e; ), S`; (B-j)), ej)- 

By implementation, g(O) = h(s*(O)), so we have 

uj (s(e3, O-3), e3) >_ u3 (s(e;, O-j), e3), 

which proves the proposition.   

The intuition for this result is simple. Imagine that each agent is asked to make a report 

about her type to an independent mediator that is committed to calculating outcomes 

according to the function g-ho s*. Since s* is the equilibrium report agents would choose 

under the outcome function h, there is no advantage to the agent in misrepresenting her 

type to the mediator. 

6There exists a similar revelation principle for implementability in Bayesian Nash equilibrium. In the 
case where there is a single agent, the two equilibrium concepts coincide. Since the focus in what follows will 
be on single agent models, we present only the revelation principle for dominant strategy implementation. 
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Obviously, a decentralized version of the revelation principle also holds, in which the 

mechanism designer is restricted to the use of direct revelation mechanisms. By offering an 

appropriate direct mechanism (or, "contract") re, the mechanism designer can achieve the 

same set of (dominant strategy) equilibria as that attainable under any general mechanism 

rs. The revelation principle thus states that restriction to direct revelation mechanisms 

is without loss of generality: the set of equilibrium outcomes achievable under a general 

mechanism is no larger than that under direct revelation mechanisms. 

Restricting attention to direct revelation mechanisms in the decentralized version of the 

revelation principle, however, is not without loss of generality in common agency games (cf. 

Martimort and Stole (1997), Martimort and Stole (1999b)). In particular, the allocations 

that are achievable by one principal will, in general, depend on the contracts offered by 

the other principals. Consequently, the focus is not (as in a single-principal single-agent 

problem) on straightforward optimization of a principal's objective, but on a description of 

the set of equilibria in the game between contract-setters. In this game, out-of-equilibrium 

messages may carry valuable information and may therefore sustain equilibria that cannot 

be achieved in a direct revelation game. This issue will be taken up in more detail in section 

4.5.5. 

4.3 General Remarks II: Single-Crossing Properties 

Mechanism design relies on the assumption that agents can be "sorted" according to their 

hidden information parameter by offering them a schedule of options to choose from. This 

will only work if agents of a "higher" type (however defined) have higher marginal valua- 

tions (or higher marginal costs). The assumption is therefore sometimes referred to as a 
"sorting" condition, or, because of the authors who first made substantial use of the con- 

dition, the "Spence-Mirrlees single-crossing property. " Mathematically, the condition is a 

special case of the more general supermodularity property of functions on a lattice, which 
has very natural interpretations in economics (cf. Athey, Milgrom, and Roberts (1996)). 

The following definitions and propositions connect several types of "sorting" conditions that 

are used in the literature. The purpose of this section is to clarify usage of single-crossing 

properties in economics, and the relations between several slightly different definitions that 
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appear in the literature. 

Let us first define terms. 

Definition 17 Let (X, >) be a lattice (i. e. the pair of set X and the partial order >). 

Define xVyEX as the join of any two elements x, yEX if xVy- inf {z :z>x, z> y}. 

Let xAy be the meet of any two elements x, yEX if xAy- sup{z :z<x, z< y}. 

Example 18 For X= i', and > the componentwise order, xvy= (max(xi, yl), ..., 

max(x,,, yn)) and xAy= (min(xl, yl),..., min(x1z, y. )) . 

Definition 19 The function u: X -+ 2 is supermodular if, for all x, yEX, 

u(x V y) + u(x A y) > u(x) + u(y). 

The following theorem connects supermodularity and a notion of complementarity that 

we will use extensively in the following sections. 

Proposition 20 (Topkis) For X= R' x Rm, > the componentwise order, and u: X -> i 

twice continuously differentiable, u is supermodular if and only if, for all j=1, ..., n and 

all i=1, ..., m, j 54 i, and all x, 

a2 
äxýäxiu(x) > 0. 

This proposition, proven in Topkis (1978) (but cf. also Milgrom and Shannon (1994)), 

thus allows supermodularity to be checked pairwise, rather than for all components of x 

and y at the same time. 

The condition that the cross-partial of the agent's payoff function be nonnegative is 

often referred to as a "single-crossing property" in the mechanism design literature. The 

following definition and theorems explain why. 

Definition 21 (Milgrom and Shannon) The function u: XxO-. J has the single- 

crossing property in incremental returns if for x" > x' and 0" > B', u(x", 0') > u(x', 0') 

implies u(x", 9") > u(x', 9"), and u(x", B') > u(x', 9') implies u(x", B") > u(x', 0"). This 

property holds strictly if the second weak inequality holds strictly. 
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Note that in the sections that follow, we will be concerned with objective functions of 

the form u(x, 0) + t(x). The following theorem relates single-crossing and supermodularity. 

Proposition 22 The function u(x, 0) + t(x) has the single-crossing property in incremental 

returns for every t if and only if u is supermodular. 

Working with a more general function of the form u(x, t(x), 0), we have the following 

result: 

Proposition 23 The function u(x, t(x), 0) has the single-crossing property in incremental 

returns for every t if and only if, for u2 0 0, ü2 is (weakly) increasing in 0. 

These propositions are proven in Milgrom and Shannon (1994). 

Definition 24 If u satisfies the condition that üz be (weakly) increasing in 0, u is said to 

possess the Spence-Mirrlees single-crossing property. 

The reason this condition is referred to as a "single-crossing" property is that indifference 

curves of different types that satisfy this assumption only cross once: obviously, the marginal 

rate of substitution of good 1 for good 2 is -ü. The single-crossing assumption then 

says that higher agent types have more steeply sloped indifference curves at every point. 

Naturally, this implies that these indifference curves may only cross once. Throughout, we 

will assume strict single-crossing properties. 

We will also throughout make the (economically related) assumption that 82ä"'e > 0. 

This is, of course, similar to the "sorting" condition: higher agent types have higher absolute 

(not just higher marginal) valuations. 

These supermodularity conditions will play a central part in the proof of a characteri- 

zation theorem (the "constraint reduction theorem") that allows us to simplify drastically 

the informational constraints on the principal's maximization problem. We now turn to a 

discussion of this. 
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4.4 The Single-Principal Single-Agent Adverse Selection 

Model 

In a very general formulation of the adverse selection model with hidden information, the 

principal's objective is to design a mechanism that allows agents to send messages (drawn 

from an exogenously defined message space) to the agent, and which implements the prin- 

cipal's preferred allocation (her "(social) choice function" in the language of the preceding 

definitions).? In general, the optimal allocation will depend on the agent's message, which in 

turn depends on the agent's private information. By the revelation principle we can, without 

loss of generality, restrict attention to direct revelation mechanisms, i. e. mechanisms which 

allow only messages on the agent's private information space and which, in equilibrium, 

induce truthful revelation of the agent's information. Here, we consider mechanisms de- 

signed for a single agent. Multi-agent models introduce issues of coalition-formation which 

are largely orthogonal to our concerns. 

In much of what follows it will be useful to keep a "non-linear pricing" model in mind. 
In a general (indirect mechanism) non-linear pricing model, the agent would send messages 

to the principal, who then determines an allocation (x, t) (a pair of quantity and price) 

for the agent. The agent values higher quantities of x more highly, and pays the principal 

a price t for the quantity she receives. The revelation principle allows the principal to 

restrict consideration to direct revelation mechanisms, i. e. mechanisms in which the agent 

announces her type truthfully and the principal determines quantity-price pairs as functions 

of the agent's type. 

In such a model, the revelation principle allows the principal to design a contract (or allo- 

cation) {(x(B), t(9))}BEe that induces the decision x(") and determines a monetary transfer 

t(. ) as functions of the agent's announcement 9 on her type. Here we assume that positive 

t are payments from the principal to the agent, and negative t are payments from the agent 

to the principal. We also assume throughout that x(. ) is Cl, i. e. has a continuous first 

derivative. As before, the allocation has to be implementable (or "incentive compatible") 

and it has to satisfy the agent's participation constraint. Below, we specialize the general 

TThe classic references are: Mirrlees (1971), Mussa and Rosen (1978), Guesnerie and Laffont (1984). For 
textbook treatments, cf. Salanie (1997), Stole (1997). 

70 



definition of implementability made in section 4.2 to the present context. First, we need to 

introduce a little more notation. 

Let there be an agent of type 6EOCR (for simplicity, let O where 0 is 

distributed according to the distribution function F(0) with strictly positive density f (0). 

Restricting attention to direct mechanisms in which the agent makes an announcement 9 

on her type, the principal's objective is to maximize v(x(6)) -t(9). Let a type 0 agent have 

the following (additively separable) utility function: u(x, 0) + t; her indirect utility from 

announcing her type as b is therefore U(0,0) - u(x(9), 0) + t(9). The standard approach to 

the problem also assumes suitable differentiability of u and t. 

Recalling the interpretation of the problem as a non-linear pricing game, we may in- 

terpret u(x, 0) as a type 0 agent's utility from consuming quantity x, and t is the price of 

consumption. Note that on this interpretation, t<0, i. e. the transfer flows from agent to 

principal. (The same notation covers, for instance, a problem in which an agent produces an 

input into the principal's production, so that u(x, 0) <0 can be interpreted as the agent's 

cost of producing x, with cost parameter 0, and with t>0 the payment from principal to 

agent. ) 

We are now in a position to define the notions of implement ability and feasibility for 

this game .8 

Definition 25 An allocation (x(. ), t(")) is implementable (or x is implementable by t) if 

there exists a transfer schedule t(. ) such that the agent's incentive compatibility constraint 

is satisfied, that is, if for all (9,6) E 02 

u(x(e), O) + t(e) > u(x(e), e) + t(e), 

or, for all 0E0, 

U(9, B) = max U(9, B). 
CEO 

(Making use, of course, of the revelation principle. ) 

8 We standardize the level of utility the agent could achieve by not participating in the principal's mech- 
anism to zero. 
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Definition 26 In addition, an allocation (x("), t(")) is feasible if U(9,0) >0 VO EO (that 

is, if individual rationality or the "participation constraint" is satisfied). 

The solution follows a two-step procedure. First, the set of implementable allocations is 

characterized. Then, the principal chooses the preferred allocation from the set of feasible 

allocations. 

4.4.1 Intuition: A Binary Model 

To build intuition, we first consider a very simple model in which the principal designs a 

mechanism for an agent of type 0E {6,0}, 9<0, with the distribution {(B, p), (0, (1- p))}. 

We modify the above assumptions suitably to this discrete case: The principal determines 

an allocation (which, by the revelation principle, depends only on the agent's type) (x, t) 

for a type 0 agent and (x, t) for a type 9 agent. The agent's utility function is quasilinear 

of the form u(x, 0) + t, and the principal's utility (similarly quasilinear) is v(x) - t. The 

problem can be viewed as a non-linear pricing problem, in which an agent of type 0 has 

higher marginal valuations of a good x. Note also that this interpretation requires t<0, so 

that the money payments flow from agent to principal. In this model, the principal seeks 

to maximize her expected utility, that is, 

max p [v(x) - t] + (1- p) [v(x) 
- tý , 

subject to the allocations {(x, t), (x, i)} being implementable and feasible, according to the 

definitions above. In this context, implementability requires that the following set of two 
incentive compatibility constraints holds: 

u(x, e) +t> u(x, 6) +i (4.1) 

u(x, e) +t> u(x, e) + t. (4.2) 

Feasibility requires that the following set of individual rationality constraints holds: 

U(I8)+t>0 (4.3) 
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u(---, V) +i > 0. (4.4) 

We first determine a characterization of implementable and feasible allocations. 

Obviously constraint (4.4) is slack. The reasoning is that (4.2) implies that u(x, 9) +t > 

u(x, B) +t> u(x, +t>0. The second inequality follows from the assumption ue > 0, 

and the final inequality is constraint (4.3). 

Next, it is easy to prove that constraint (4.2) must bind. For if not, 1 could be lowered 

by e. This would make (4.1) easier to be satisfied, and since (4.4) is slack, it would have no 

implication on feasibility. But since lowering i increases the principal's objective, it must 

be worthwhile. Therefore (4.2) must bind. 

A similar argument establishes that (4.3) binds. For if not, t and t could both be 

reduced by c. This would leave (4.1) and (4.2) unchanged and since (4.4) is slack, feasibility 

is not compromised. But since reducing t increases the principal's objective, it would be 

worthwhile. Therefore (4.3) binds. 

Finally, (4.1) is slack. Since (4.2) binds, we have 1-t= u(x, j) - u(x, 9), and from 

(4.1) we have u(x, 6) - u(x, 6) >t-t. Combining these two we obtain u(x, 9) - u(1,2) < 

u(x, 8) - u(x, 6). We assume that 7>x, and verify this assumption ex post. Single-crossing 

then implies that the inequality holds strictly. 

The set of constraints (4.1) to (4.4) can therefore be reduced to the two constraints 

t= -u(x, 9) 

and 

-U(-x, e) + u(x, 8) - u(x, e). 

This implies that the 0 type agent's rent (the agent's equilibrium payoff when she tells 

the truth about her type) is U(2,2) = 0, and the 9 type agent's rent is U(B, B) = u(x, B) - 

u(1,2) >0 (by the single-crossing assumption). Further, we can simplify the principal's 

objective to 

max p [v(x) +u(1,2)] + (1 -p) [v(x) +u(, ) - (u(& B) -u(1,2))]. x, 'x t, t 
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The first-order conditions are: 9 

vW+ ux(x, B_) _ 
(1 PA [u. (x, e) - ux(x, e_)1 

and 

ve (x) + u, (x, e) = o. 

Since v" < 0, and by single-crossing, in relation to first-best, the optimal contract implies 

an extra distortion downward in the allocation of the 0 type agent. This, of course, also 

confirms our earlier assumption that 1>x. 

4.4.2 A Continuum of Types 

We now study the problem with a continuum of types. We return to our earlier continuous- 

case assumptions on type distribution and preferences. 

Consider first implement ability (incentive compatibility). Since we can restrict atten- 

tion to direct mechanisms, the agent chooses a report to maxeEe U(9,0). This defines her 

optimal report correspondence 9(6). Define the agent's rent, as before, as the reduced-form 

maximum value function U(9) - U(0(0), B). By the envelope theorem, we have 

uý(eý . ue(x@(0», e). (4.5) 

Where U'(6) denotes the total derivative of U(") (i. e. dB U(8)), evaluated at 0. Since by 

assumption ue > 0, we find that the agent's rent is strictly increasing in type. This is 

a generalization of the result we have obtained in the discrete (two-type) model, above. 

From the revelation principle we know that, in equilibrium, b(O) = 0. Equation (4.5) is 

9Note that the first-order conditions in the full information first-best case (where t= -u(x, B) and 
= -u(-x, B)) are: 

v It- (FB) +1111 FB12) _0 

and 
v (-FB) +Ua(XFBre) _ 0" 

By v" <0 and single-crossing, it follows that XFB < ! Fa- 

74 



therefore the necessary first-order condition for the agent's maximization problem, and can 

be expressed equivalently as: 

ux(X(0), 0)x'(0) + t' (0) =0 (4.6) 

with the second-order condition 

uxx(X(0), 0) (x'(0))2 + ux(X(0), 0)x"(e) + t', (0) <0 (4.7) 

Equation (4.6) is a constant function in 0, so we can differentiate and substitute into 

(4.7) to obtain 

uxo(x(9), 9)x'(9) > 0. (4.8) 

We have the following simple characterization theorem (Mirrlees (1971)): 

Proposition 27 ("Constraint Reduction Theorem") Necessity: A contract is im- 

plementable only if equations (4.6) and (4.8) are satisfied. Sufficiency: Assume that the 

equilibrium decision function is increasing (i. e. x'(") > 0), and assume further that u(., ") 
has the single-crossing property in incremental returns; i. e. when u is suitably differentiable, 

u., o > 0. Then, the allocation is implementable if the first-order condition (4.6) holds. 

Proof. Necessity: First, we must show that t'(. ) exists. An argument from revealed 
preference establishes that 

U(O + AO, 0+ M) - U(0 + AO, 0) > U(0 + AO, 0+ AO) - U(0,0) > v(0,0 + AO) - U(0,0). 

Dividing by 0O and taking limits as A9 -º 0, we obtain 

deu(0,0) = ue(0,0). 

So we know that the total derivative U(9,0) exists. Taking a Taylor expansion, we have 

v(B +LO, 0+ AO) - U(0,0) = ux(x(0), 0)x'(0)oe + t(0 + O) - t(0) AO + ... 
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Again, dividing by 0O, and taking limits as 09 -+ 0, we have: 

deu(0,0) 
= u., (X (0), 0) x' (0) +t'(0). 

Since d U(", "), ux(, "), and x'(. ) exist, t'(. ) exists, so that t(") is Cl. Equations (4.6) and 

(4.8) are the standard first and second order conditions. 

Sufficiency: Suppose, to the contrary, that there exists a00, such that U(9, B) > 

U(O, e). Since U(e, e) = U(?, e) + u(x(e), e) - u(x(e), e), we have 

or, taking integrals, 

u(x(e), e) - u(x(e), ö) > U(O, e) - v(e, e) 

fuo(x()s)ds > 

. 

1: 
-U(s, s) ds 

and using equation (4.5), 

Rewriting, 

ýB 
ue(x(B), s) ds >IB uo(x(s), s)ds. 

ee 

0 I [ue(x(6), s) - uo(x(s), s) 1 ds >0 
e 

we obtain a contradiction, because, by assumption, u.,, o > 0.   

Again, we normalize the agent's outside utility to zero, so that her participation con- 

straint is U(O) - u(x(9), 0) + t(6) > 0. 

The principal's problem is then to 

B 

xmý 
f [v(x(O)) + u(x(O), e) - v(8)) . f(e)ge 

s. t. U'(6) = ue(x(O), O) and U(6) = 0.10 

'°Since U(O) is increasing, the participation constraint U(O) >0 reduces to U(B) =0 (the principal 
minimizes costly rent). 
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We use linear programming techniques to find the solution to this maximization pro- 

gram. The Hamiltonian for this problem isl e 

H(x, v, 0, a) - (v(x(0)) + u(x(e), 0) - U(0)) f(O) + A(0)uo(x(0), 0). 

By Pontryagin's principle, we have A'(0) =- äÜ =f (9). Integrating from 0 to B and 

respecting the transversality condition A(B) =0 yields A(0) _ -(1 - F(9)). aL =0 then 

implies that the optimal allocation solves the familiar (e. g. Salanie (1997)) condition: 

v, (x(e)) + u, (--(e), B) =1- 
F(e) 

uxo(x(0), 0), (4.9) f(0) 

where 1fBB, of course, is the inverse hazard rate. Again, the optimal contract distorts x 

downward for all but the highest type (for 0=B, the right-hand side of (4.9) is zero, which 

is just the first-best full information outcome). This equilibrium can easily be interpreted as 

the familiar (from price theory) equality between marginal benefit and marginal cost: the 

marginal benefit of increasing x is vx(x(O)) + ux(x(O), 0) and this occurs with probability 

f (0); the marginal cost of increasing x is that rent has to be increased (by u,, O (x (0), 0)) for 

all types higher than 0, and 1- F(9) measures the proportion of types higher than 0. 

We still need to verify monotonicity of x(. ), which we have previously assumed. This 

is now no longer automatic, but can be ensured by placing regularity conditions on the 

hazard rate and the utility functions above. If the hazard rate is monotone (increasing), 

vx©(") > 0, and u. 00(") < 0, the resulting equilibrium decision schedule x(. ) is of course also 

monotone. This monotone hazard rate condition (MHRC) is fulfilled, for instance, by the 

uniform, normal, logistic and exponential distributions. 

The optimal transfer schedule t(O) = fe ue(x(s), s)ds - u(x(O), 9) is then obtained from 

(4.6) by simple integration. 

"Always assuming that x'(") > 0. If not, "bunching" (areas of pooling of types) may occur, which we 
conveniently ignore here. If x(. ) is not increasing throughout, the (somewhat cumbersome) technique is to 
optimally "smooth out" the x(") function to a nondecreasing function. Along the increasing portions of that 
smoothed function the previous analysis applies; on the constant portion of the smoothed function, bunching 
(i. e. pooling) of types occurs. For an algorithm for optimal smoothing of the decision function cf. Guesnerie 

and Laffont (1984). 
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4.4.3 The Taxation Principle 

Let us come back briefly to the non-linear pricing example. It is easy to recast the allocation 

{(x(9), t(9)}o¬e in terms of a nonlinear tariff. Note that the "decision function" x(O) assigns 

a quantity to every agent type. Since it is strictly monotonic (by placing sufficient regularity 

conditions on utility functions and distribution), it can be inverted. The inverse function 

x-1 (x) tells us, for any quantity, what type should optimally obtain that quantity. By 

substitution into the transfer function t(O) we obtain T(x) - -t(x-1(x)). A result known 

as the "taxation principle" states that any such conversion can always be carried out. 

That is, any direct mechanism can always be converted into an (indirect) nonlinear pricing 

mechanism in this way (cf. Guesnerie (1995)). Note that we have defined the tariff schedule 

T(x) so that it is positive, as t(O) is negative in the setting of this problem. 

= From (4.6) we know that ux(x(B), 8)x'(B) + t'(B) = 0, so that T'(x) -X, 
e= 

ux(x, x-1(x)). We are interested in the sign of T"(x). Differentiating, we note that 

T"(x) = uxx(x, 0) + uxe(x, 0) 
-ale , so that concavity of the tariff (T"(x) < 0) reduces 

to the condition that x'(6) < -`(`0). Differentiating (4.9) with respect to 0, we obtain 

(the dependence of x on 0 is suppressed in notation): 

uxo (x, e) - äa (1 
f0 

B) uxe (x, e) -'fBB uzoo (X, 0) 
X' (e) - -uxx (x, O) + 1-F(O) UXXO (x, e) - vxx (x) 

Since, by assumption, we have uxe > 0, do (if) < 0, u. xe > 0, and vex < 0, and if we are 

willing to assume that ux©o < 0, we obtain xß(9) < -U.. x, e 
, which implies strict concavity 

of the non-linear pricing schedule, just as anticipated. 

4.5 Common Agency under Adverse Selection 

We now set up the non-cooperative mechanism design game amongst several principals, 

who contract with a single agent. We restrict attention to models with one agent and two 

principals. Increasing the number of principals does not materially alter the approach we 

take. The two-principal model allows us to study the additional externality that arises 

through non-cooperative contracting of the two principals, while keeping the analysis as 

uncluttered as possible. 
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The general theory is presented in Martimort (1992) and Stole (1992). Two principals 

contract with a common agent under adverse selection. The setup is a slight modification 

of the standard model outlined above. There are two important assumptions: (a) the agent 

announces her type separately to the principals; and (b) neither principal may condition 

her contract on the agent's message to the other principal. Part (a) is, as far as we can see, 

relatively uncontroversial. It implies that (although this will not occur in equilibrium) an 

agent could lie to one principal and tell the truth (or possibly lie differently) to the other 

principal. The assumption therefore states that announcements of type to one principal 

are not public, or if they are, they are made in a manner that is not verifiable (and so 

cannot be part of the other principal's contract). This also highlights the more critical 

importance of part (b): one principal's contract may not be written conditional on the 

agent's message to the other principal. There are several ways of defending this assumption. 

In a nonlinear pricing context (where two principals produce output consumed, or retailed, 

by a single agent), antitrust law may simply prevent principals from conditioning their 

pricing schedule on the quantity bought from the other principal. A similar argument can 

be used in a "production" example, in which a single agent produces two (separate) inputs 

into the principals' production processes. 

What about our Coasean motivating example? Payola payments can be viewed as an 

indirect mechanism in which the D. J. chooses how often to play a record and gets paid 

according to the payola schedule. In equilibrium, there exists a one-to-one correspondence 

between agent types and the "decision" (how many records to play). In this context, (b) 

says that principals cannot condition their contracts on what is a very easily monitored 

observable characteristic, viz. a public radio program. In the Coasean example, clearly (b) 

is a heroic assumption. 

More importantly, the published literature (Martimort (1992), Martimort (1996a)) has 

assumed away any direct interaction between the principals' contracts, other than through 

the agent's payoff function. In particular, as we will see, one principal's payoff function is 

usually assumed independent (other than through the contract she offers the common agent) 

of the other principal's contract allocation. In a non-linear pricing problem this implies, 

for instance, that the two principals do not compete on a product market for their output, 

sold through a common agent. It thus rules out most applications of economic interest, 
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such as that of two principals selling a homogeneous (or differentiated) good through a 

common agent. 12 Coming back to the Coasean payola example, one record producer's 

profit generally depends on the other producer's sales: one should model this element of 

competition directly, rather than burying it in the common agent's payoff function. 

Yet, concentrating on the interaction between principals' contracts purely in the agent's 

utility function allows us to focus on the additional source of inefficiency under common 

agency. Put briefly, if the decisions (in a non-linear pricing example, the quantities of 

the two goods) are substitutes in the agent's utility function, when one principal increases 

the quantity of her good exchanged with the agent (and therefore leaves the agent greater 

rent), the agent will wish to obtain a smaller quantity from the other principal, so that the 

agent's amount of rent is reduced: the principal can induce truth-telling more cheaply. The 

opposite holds for the case of complements. 

Next, we set out the common agency model of Martimort (1992) and Stole (1992). 

Before solving the common agency model with non-cooperative contracting, we consider 

briefly the case of cooperative contracting as a benchmark for comparisons. 

4.5.1 The Model 

The structure of the model is the following. As before, let there be one agent of type 

0E0CR (usually 0= [2,9]) where 0 is only known to the agent, who may announce to 

principal i that she is of type 9j. Two principals i=1,2 entertain a (common) a priori belief 

about the agent's type given by a density function f (0) >0 (and associated distribution 

function F(0)) and simultaneously and non-cooperatively choose contracts (xj(92), t2(9i)), 

where xi :O -a Ji is the agent's decision function (e. g. her consumption of principal 

i's good in a nonlinear pricing example, or her production for principal i in a production 

problem) and ti :O -º R+ is a transfer payment from principal i to the agent. Again, the 

interpretation of ti in a nonlinear pricing context is to have tj < 0. Each principal i has a 

quasi-linear utility function vt (x2) - ti; the agent's utility function likewise is quasi-linear 

and given by u(xl, x2,0) + tl + t2. Her indirect utility when she is of type 0 and announces 

12 Where the literature has studied this question, the interaction is brought in through the "back door" of 
the agent's payoff function. Thus in Martimort (1992) or similarly in Martimort (1996a), the agent's utility 
function is a set of demand curves (the goods may be complements or substitutes), and principals minimize 
direct transfer payments to the agent but do not obtain any direct utility from the sale of their output. 
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Bl, 02, respectively, is consequently U(61,92,0) = u(xl(Bj), x2(02), 9) +ti(B1) +t2(92). Note 

that we will refer to principal i's rival as principal -i. 

Before we consider the common-agency problem, in which mechanism designers choose 

contracts non-cooperatively, we study the benchmark case in which two principals cooper- 

atively design mechanisms for a common agent. 

4.5.2 The Benchmark Case 

The benchmark case is that in which both principals choose contracts cooperatively. Note 

that in this case, the contractual relationship reduces to the bilateral principal-agent frame- 

work with a vector-valued (two dimensional) decision function. In effect, the principals offer 

one contract {x1(9), x2(9), t@) J, and the agent's indirect utility is U(9,0) - u(xl (9))x2 (9), 0)+ 

t(B). Since the problem, in effect, is an application of the single-principal single-agent model, 

we keep our discussion brief and will only sketch proofs. 

Consider first implementability (or incentive compatibility). 13 We need only consider 
direct revelation mechanisms, so that 

U(O) - U(O, e) = me u(xl (e), x2 (e), e) + t(e). 

By the envelope theorem (for instance Milgrom (1999)), and an application of the revelation 

principle, we have 

U'(0) = ue(xl (0)1X2(0), e), (4.10) 

so that the agent's rent is increasing in type. Integrating on both sides, we obtain fe U'(s)ds = 
fe ug(xl(s)) x2(s), s)ds, or U(O) = fe uo(xl(s), x2 (s), s)ds + U(9). However, we know (from 

the principals' maximization problem, and because rent is increasing in type) that U(B) =0 

13 Recall that a decision function x: e -" 4t. + is implementable if there exists a transfer t(. ) such that 
U(0,0) > u(ä, B), d(o, e) E e2. 
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(the lowest type agent earns no informational rent), 14 so that we finally have 

B 
U(O) =J ue(xl(s), x2(s), s)ds, (4.11) 

the informational rent of a type 0 agent. 15 

Equation (4.10) implies that 

ux1(xi(0), x2(e), s)xý(e) + ux2(xl(e), x2(e), e)x2(e) + ue(xl(e), X2(e), 0) + t'(e) 
= uO(xl(O), X2(e), O) 

or 

ti(0) _ ux: (xi(0), xi(0), 0)xi(0), (4.12) 

i=1 

with the second-order condition 

Euxi0(xi(0), xi(0), 0)xi(0) >0 (4.13) 
i=1 

as in Guesnerie and Laffont (1984). 

Given the Spence-Mirrlees single-crossing condition on preferences, unto > 0, and as- 

suming ug > 0, we obtain a constraint reduction theorem similar to proposition 27, above. 

Under the assumptions, equation (4.13) is a sufficient and necessary condition for imple- 

mentability (provided, of course, that xi > 0, which may be ensured by placing well-known 

regularity conditions on the hazard rate 1-F 0 and third derivatives of u. ) 

The principal's problem is to 

B 

mf (vi (xi (e)) +v-i(x-i(e)) +U(xl(0), x2(0), e) - U(0» f(a)de 

(where the definition of U(O) was used to replace t(9)) s. t. (4.10) and U(6) = 0. 

14 By assumption, du/dO > 0. Therefore, rent is increasing in type. The principal minimizes costly rent 
by setting U() = 0, so that for the lowest type agent, the participation constraint binds. 

"The preceding discussion follows Laffont and Martimort (1997). 
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The Hamiltonian for this problem is 

x(xi, Ui, B, A) _ (v2 (xi(B)) + v-i(x-i(e)) + u(x1(O), x2(O), e) - UM) AO) 
+%(e)ue (xi (e), X2 (e), 0). 

=f (0). Integrating from 0 to 6, and making By Pontryagin's principle we have )'(O) =- au 

use of the transversality condition A(9) = 0, yields A(O) _ -(1 - F(O)). From a=0 we 

obtain the familiar conditions for i=1,2 

vx{ (xi(B)) + u,; (xß(0), x-i(0), B) =i- 
F(e) 

uxje(xi(e), x-i(e), B) (4.14) f(e) 

and t(O) = fe ue(xi(s), x2(s), s)ds-u(xi(2), x2(2), 9). 

The equilibrium in this adverse selection problem can again easily be interpreted as an 

equality between the marginal benefit of increasing output f (0) (vii +ux; ) and the marginal 

cost from increasing the informational rent of all types higher than 0, (1 - F(6))ux; o. 

4.5.3 Contracting with two Principals 

The common agency model differs from the standard model in several important respects. 

Most obviously, there is no straightforward maximization of a single principal's objective; 

instead, the focus is on the (Nash) equilibrium in the mechanism design game among prin- 

cipals. In this game, each principal may want to design a contract such that the agent 

misrepresents her type to the other principal, with the aim of increasing the agent's infor- 

mational rent and, therefore, the amount of rent the principal can extract. In equilibrium, 

of course, the agent will report truthfully to both principals, but in general this possibility 

will restrict the set of implementable allocations. Conditions for implementability in the 

common agency case will therefore differ from the conditions in the standard single-principal 

single-agent case (with one or multidimensional allocation functions). Relatedly, there is a 

new source of inefficiency in the common agency game: principals impose externalities on 

each other through non-cooperative contracting. We draw some classificatory distinctions 

below. 

More subtly, in the game between contract setters, out-of-equilibrium behavior will in 
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general influence equilibrium play. We therefore need to exercise caution before applying 

the revelation principle. Recall that the revelation principle states that a principal can 

restrict attention to direct mechanisms without loss of generality: messages sent by the 

agent, other than those related to type, can safely be ignored. This may no longer be true 

in the contracting game of common agency: messages sent by the agent to one principal 

may become a strategic tool for the rival principal. In general this will change the set of 

implementable equilibria. Before we proceed to a characterization of the implementable 

allocations in the common agency game, we need to address the literature on the validity 

of the revelation principle under common agency. 

First, let us draw some distinctions to classify the nature of the externalities that arise 

as a consequence of non-cooperative contracting by the principals. 

4.5.4 Classification: Externalities 

We have already mentioned the externality that arises from non-cooperative contracting by 

several principals with a common agent, through interaction of the principals' decisions (for 

instance, output quantities in a non-linear pricing context) in the agent's utility function. 

Roughly, the mechanism is this: principal 1 will attempt to make the agent "over"-report 

her type to the rival principal. She does this be reducing (increasing) the "decision" xl (e. g. 

the quantity of output sold to the agent). When decisions are substitutes (complements) in 

the agent's decision function, this will lead the agent to seek an increase of the decision x2 

in the other principal's mechanism, by over-reporting her type. Since higher types receive 

greater rent, the agent retains greater informational rent, which principal 1 can then extract. 

So in general, we would expect the decisions (e. g. outputs) to be less than the cooperative 

benchmark when decisions are complements, and greater than the cooperative benchmark 

when decisions are substitutes. 

Laffont and Martimort (1997) discuss this contractual externality in the context of 

organizational design: stakeholders cannot coordinate their incentive mechanisms for man- 

agement but, importantly, they all have a shared objective for the firm. In other words, the 

only externality will be in pure rent extraction. Laffont and Martimort call this externality 

"type 1. " We will refer to it by the more descriptive name of an indirect contractual exter- 

nality (see Martimort and Stole (1999a)); "indirect" because the interaction is through the 
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agent's utility function. 

By contrast, direct contractual externalities arise through the "direct" route of the 

principals' objectives. If principal 1 cares not only about her own allocation, but also about 

principal 2's allocation, this will of course lead to externalities in the usual way. Laffont and 

Martimort (1997) call this externality "type 2. " Again following the usage in Martimort 

and Stole (1999a), we will refer to this type of externality as a direct contractual externality. 

We have already drawn attention to the fact that most of the common agency literature has 

ignored these direct externalities. We follow this pattern in our exposition of the theory, 

although we will return to the issue after our discussion of the "standard" common agency 

game. 

4.5.5 The Revelation Principle under Common Agency 

Before we can characterize implementability in the common agency context, we need to 

comment on the applicability of the revelation principle. Although above we have already 

set up the model restricted to direct revelation mechanisms, it turns out that we need to 

exercise caution before applying the revelation principle to situations of common agency. 

The centralized version of the revelation principle of section 4.2 remains true, virtually 

by definition, in situations of common agency, where each agent is given mechanisms from 

several mechanism designers. 

For instance, let the number of mechanism designers, indexed by i, be two. The defini- 

tions made in section 4.2 are extended easily to this case (which they, in fact, imply). We use 

the notation introduced in section 4.2 with only minimal alterations to accommodate the 

two-principal case. Let a social choice rule be the pair of functions gi :O -º Xi, i=1,2, and 

denote a pair of general mechanisms by the game form FS = (Sll,..., Sly, hl, S21, 
..., 

S23, h2), 

where the additional subscripts now refer to the mechanism given by mechanism designer 

i=1,2. Extend the definition of a dominant strategy equilibrium to the pair of strategy 

profiles (si, s2), and define implementability of (gl, 92) in dominant strategies by rc as the 

existence of a dominant strategy equilibrium (st, s2) such that hi(s1(6)) = gi(0), for i=1,2. 

Finally, let (gl, 92) be truthfully implementable in dominant strategies if, for all agents j, 

and all designers i, s ß(9j) = 03, and (si, s2) is a dominant strategy equilibrium of the direct 

mechanism re = (81, 
..., 

O3, g1©1 i ... 
A, g2). Then we have the following simple special 
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case: 

Corollary 28 If in a situation where agents are given mechanisms from two mechanism 

designers there exists some general mechanism FG that implements (gl, g2) in dominant 

strategies, then (91,92) is also truthfully implementable in dominant strategies. 

Proof. The proof follows from the definitions and mirrors precisely the proof in the 

general case.   

(Note that the corollary covers the case in which the allocation rules (hl, h2) in the 

mechanisms rs are restricted to being equilibria in the game among mechanism designers. 

However, no such restriction can be placed on (91,02). ) 

The interpretation of this last result is that each agent represents her type truthfully 

as B3 to an independent mediator, and the outcome is calculated from the pair of functions 

(91) g2), where gi - hios1. Since s*- is the equilibrium strategy agent j would use in designer 

i's mechanism under the rule h1, there are no gains to misrepresentation if g1 is used. 

Although trivially true, the standard (centralized) version of the revelation principle in 

corollary 28 may not hold much interest in the common agency case, unless institutional 

features guarantee the existence of an independent mediator, as required by the centralized 

version of the revelation principle. The question then arises whether a decentralized version 

of the revelation principle under common agency also holds. 

In the discussion that follows (and for the remainder of the paper), two principals design 

contracts for a single, common agent. To simplify notation, we can therefore write si instead 

of std. 

Making use of the definitions introduced above, a decentralized version of the revelation 

principle for the case of two mechanism designers and a single agent, could be the following: 

Conjecture 29 If there exists some general mechanism rs = (Si, hl, S2, h2) that imple- 

ments some choice rule (91,92) in dominant strategies and for which (hl, h2) is a Nash 

equilibrium in the game among mechanism designers, then (gl, g2) can also be implemented 

through the direct mechanism re - (0,91 
i 
6, g2) in which the (dominant strategy) equilib- 

rium strategies are si =0 for i=1,2 (i. e. (gl, 92) is truthfully implementable in dominant 

strategies), and for which (91,92) is a Nash equilibrium in the game among mechanism 

designers. 

86 



Unfortunately, as Martimort and Stole (1997) and Martimort and Stole (1999b) point 

out, this conjecture, in general, is false. They show the failure of this conjectured revelation 

principle in common agency situations by counterexample, which we reproduce here. 

Suppose that the agent's type is known (so that adverse selection issues may be conve- 

niently ignored). Consider the following game between two principals, 1 and 2. Payoffs for 

principal 1, principal 2 and the agent are given as ordered triples: 

x2=A x2=B x2=C 

xi =A (1,1,1) (2,0,2) (-1,5,10) 

xl =B (0,2,2) (1,1,1) (0,0,0) 

xl =C (5, -1)10) (0,0,0) (0,0,0) 

In a general, indirect mechanism, agents can send messages from some exogenously 

determined message space. Each principal i offers an allocation xi to the agent, as a 

function of the agent's message. Suppose the message space is exogenously restricted to be 

Si = {sz, s''}. Let each principal's contract offer be: xi =B if the agent sends message 

s1 and xi =C if the agent sends message s's'. This of course is a Nash equilibrium in 

the game among principals. The agent will report si to both principals and the outcome 

of this indirect mechanism contracting game is (B, B). An alternative contract offer by 

the principals could be: xi =C whatever message the agent sends. This is again a Nash 

equilibrium in the game among principals, and it implements the outcome (C, C). So there 

exists an indirect mechanism that implements at least two outcomes: (B, B) and (C, C). 

In a direct mechanism, agents can only send messages about their type, and principals 

choose contract offers as functions of the agent's message. In our context, since the agent's 

type space is degenerate (i. e. the agent's type is known), principals are restricted to choos- 

ing a single allocation. The only Nash equilibrium in the above game with such direct 

mechanisms is (C, C). 

This example illustrates simply that restriction of mechanisms to direct mechanisms is 

not without loss of generality: equilibria that are implementable in the indirect mechanism 

(with sufficiently rich message space), are not implementable in the direct mechanism. The 

reason for this is that off -equilibrium contract actions sustain an equilibrium in the indirect 

mechanism that cannot be sustained in a direct mechanism. Take, for instance, the Nash 
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equilibrium in the indirect mechanism, in which each principal offers the contract: xi =B if 

the agent sends message sä and xi =C if the agent sends message sa'. Offering C (although 

in equilibrium this will not be implemented, given the contracts), sustains this equilibrium. 

If principal 1, for instance, only offered xi =B whatever the agent's message, principal 2 

would deviate to offering only x2 =A whatever the agent's message. 

This suggests a nestedness of implementable equilibria in direct and indirect mecha- 

nisms, but in fact the sets of equilibria are non-nested: there also exist equilibria in the 

direct mechanism (consider the mixed strategies (12,12,2) for both principals; then if one 

principal deviates to the contract of the above form "xi =B if the agent sends message sä 

and x= =C if the agent sends message sý, " her payoff is strictly improved). In general the 

step from considering indirect mechanisms (with given message spaces) to considering only 

direct mechanisms (where the message space is the agent's type space) is therefore with loss 

of generality. 

Martimort and Stole (1999b) therefore propose a change in focus: rather than con- 

centrating on direct mechanisms, we should study economically more meaningful indirect 

mechanisms, such as non-linear pricing schedules, for instance. Martimort and Stole (1999b) 

prove an extension of the taxation principle studied in section 4.4.3. We discuss their results 

below. First, we have a different suggestion for the recovery of some of the flavor of the 

revelation principle in common agency situations. 

We propose that for many applications, a simpler version of the revelation principle may 
be sufficient. Often, the nature of the problem naturally restricts principals to the use of 

direct mechanisms. For instance, an insurer may ask the financial adviser for age, sex, med- 

ical history, of a prospective insured; a firm may ask its retailer for specifics about market 

conditions, a regulator may ask the regulated firm to report on its cost; etc. Although the 

agent may seek to misrepresent the required information, in many economically meaningful 

contexts, principals seek information about a specific characteristic (type). That is, the 

agent's message space is exogenously imposed to be the same as her type space. In this 

context, we may ask the question of whether restriction to mechanisms in which the agent 

reports truthfully on her type is without loss of generality. A revelation principle for this 

case can easily be proven. 

Consider a situation in which two principals non-cooperatively design contracts for a 
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single agent. We modify the definitions made in 4.2 for this case: 

Definition 30 A pair of choice functions (91,92) is a pair of functions gi :0 -> Xi, 

i=1,2. 

Let sz ES be the agent's strategy in principal i's mechanism, and define a pair of 

outcome functions (hl, h2), where hi :S -º Xi. 

Definition 31 A pair of outcome functions (hl, h2) is a Nash equilibrium if, for all Wi("), 

v'(h; (ei))dF(O) >e vi(hti(ei))dF(O). JB - 
10 

(Note that 9i of course depends on the mechanism offered by principal -i, h* j. ) 

Definition 32 A pair of general mechanisms with the exogenously determined strategy 

space S is a game form rs - (S, hl, S, h2). 

Definition 33 The strategies (sl, s2) are a dominant strategy equilibrium of rs if, for all 

s1eS: 

u(hl(si), h2(sä), e) > u(hi(si), h2(s2), 0). 

Definition 34 The pair of social choice functions (91,92) is implementable in dominant 

strategies by rs if there exists a dominant strategy equilibrium (si, s2) of rs such that 

hi (se (B)) = gi(0) for all 0, and i=1,2. 

Definition 35 A pair of direct mechanisms is a game form re = (O, ", 0, "), i. e. a pair 

of general mechanisms in which S=O. 

Definition 36 The pair of social choice functions (91,92) is truthfully implementable in 

dominant strategies if, for all i, s, ý(O) =0 and s* is a dominant strategy equilibrium of the 

pair of direct incentive-compatible (or, direct revelation) mechanisms re - (0, gl, 6, g2) . 

A version of the revelation principle under common agency that is sufficient when we 

can exogenously restrict the agent's message space to messages on her type, is the following: 
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Proposition 37 If there exists some pair of direct mechanisms I'e - (O, hl, O, h2) that 

implements some pair of choice rules (91, g2) in dominant strategies and for which (hi, h2) 

is a Nash equilibrium in the game among mechanism designers, then (gl, 92) can also be 

implemented through the pair of direct mechanisms re = (O, gl, 4, g2) in which the dom- 

inant strategy equilibrium strategies are sä =0 (i. e. (91)92) is truthfully implementable 

in dominant strategies), and for which (91,92) is a Nash equilibrium in the game among 

mechanism designers. 

Proof. Suppose re - (O, hl, 0, h2) implements (gl, 92) in dominant strategies using 
(9 the strategy profile s* = i, B2), and that the pair of allocation functions (hi, h2) are a 

Nash equilibrium in the game between mechanism designers. Then, by the definition of a 

dominant strategy equilibrium, for all 0, Bi, 92, 

u(h*, (4(OI h), h2(02(OI hý), B) >u(hý(B1), h2(02), 0)- 2 

In particular, we have 

u(hý(0, (01 h2), h2(02(01 hý), e) > u(hý(0, (e'I h*2), h2(02(ß�I hý), e). 

From the Nash equilibrium property we know that, for all i, and all hä, 

IB ýe 
vz(ha(e, (eI h* s)))dF(B). e 

v'(hi* (ei (Ojh* i)))dF(O) >-Je 
J 

By implementation, gi(O) = h1(9ä (OI h* i)), so we have 

u(91(e), 92 (e), e) ? u(91(ß'), 92 (e�), e), 

and, letting gä - ha o 91, we obtain, for all gi, 

BB 

v`(9i(O h* i))dF(O) ?J v'(9i'(OIh i))dF(O), 

which proves the proposition.   
This admittedly stripped-down version of the revelation principle says that if we can 
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restrict attention to direct mechanisms, we can model the mechanism design game without 

loss of generality so that the agent reports her type truthfully. For many economically 

significant settings, this version of the revelation principle may be sufficient. 

Our result suggests (somewhat unsurprisingly) that the failure of the revelation principle 

stems from the step from indirect to direct mechanisms, not from the requirement for 

truthful reporting. In this sense, it reinforces a point made in the simple (degenerate type 

space) example of Martimort and Stole (1999b). Recall that in their example, the failure of 

the revelation principle occurred without informational asymmetry. Our result reinforces 

this point in locating the failure of the revelation principle away from the (informational) 

requirement for truthful reporting. 

A different route is taken by Epstein and Peters (1999). They suggest the following 

intuition: the agent's private information with respect to principal 1, for instance, includes 

not only the agent's type, but also the contract offered to her by agent 2. If a direct 

mechanism takes this fuller definition of "type" into account, the revelation principle should 

hold as usual. The problem then is to show that the agent's type is part of a space that 

converges: since the agent's type includes information on one principal's contract, which 

depends on the other principal's contract, etc., this is not automatic. Epstein and Peters 

prove that, indeed, the agent's type space converges to a "universal type space"-and in 

this context, the revelation principle holds. However, these universal type spaces may be 

hard to characterize. We therefore turn briefly to the somewhat simpler, but economically 

intuitive solution offered by Martimort and Stole in recent unpublished work. 

4.5.6 A Taxation Principle for Common Agency Games 

In two recent papers (Martimort and Stole (1999b) and Martimort and Stole (1999a)), 

Martimort and Stole suggest a change of focus towards indirect mechanisms (such as non- 
linear pricing schedules) which have a certain economic appeal. They prove an extension 

of the taxation principle (cf. section 4.4.3, above) for common agency games: instead of 

maximizing over all indirect mechanisms, the principals can, without loss of generality, 

restrict attention to non-linear pricing schedules. " 

"We discuss here a simple version of the "extended taxation principle, " for economic situations where 
an agent's allocation consists of a decision (e. g. quantity) and a transfer (e. g. price). This is the version 
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The intuition for this result is simple. Recall that the agent's payoff is quasilinear in 

transfers, u(xi, x2,0) + tl + t2. Consider a non-linear pricing game, so that the agent's 

payoff is u(xl, x2,0) + 11(x1) + t2(x2), and an "augmented" non-linear pricing game (in 

which the agent can additionally send messages ml E M1, and M2 E M2, so that her 

payoff is u(xl, x2,9) + t1(xi, ml) + t2(x2, m2). Recall that in a non-linear pricing context, 

the tt are negative, so that payments flow from the agent to the principals. Consider the 

"augmented" non-linear pricing game. In this case, for given contracts, the agent chooses 

x1 and mi (i = 1,2) so as to maximize her utility; since utility is quasilinear in transfers, 

this is the same as minimizing transfers (recall tt are negative) with respect to mi, and 

then maximizing with respect to xi. The principals need therefore only pay attention to the 

lower envelope of the possible ti(., ") functions. Defining ta(") = min,,,,; t(", mi), Martimort 

and Stole (1999a) can easily show that any Nash equilibrium in augmented non-linear pricing 

schedules can be attained using a simple non-linear pricing schedule. 17 

The modelling strategy is therefore the following: find a Nash equilibrium in non-linear 

pricing schedules, using the revelation principle to check whether indeed each principal's 

strategy is a best response to the other principal's strategy. In this way, all equilibria of 

any mechanism with general message spaces can be uncovered. (Note that the use of the 

revelation principle to find one principal's best response to a given mechanism from the 

other principal is without loss of generality: the problem is the same as in the standard 

single-principal single-agent model. The difficulty in applying the revelation mechanism in 

common agency games arises when we attempt to use the revelation principle to characterize 

the equilibria in the mechanism design game among principals. ) 

Non-linear pricing schedules are often much simpler to characterize than general indirect 

mechanisms with general message spaces. Apart from their direct economic appeal they also 

possess nice theoretical properties in common agency games. 

The revelation principle in effect ties the principal to offering each agent just one alloca- 

tion (the equilibrium allocation for that type). The difficulty in using the revelation principle 

in common agency games is that off-equilibrium offers can sustain equilibria. Therefore, if 

in Martimort and Stole (1999a). A more general version of the principle is proven in Martimort and Stole 
(1999b). As before, we also restrict attention to deterministic contracts and pure strategies. 

"In a related paper, Martimort and Stole (1999b) prove a more general version of the "extended taxation 
principle" for non-quasilinear utility and possibly mixed strategies. 
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we are to use the revelation principle (as we will), one must be careful to extend the contract 

offers beyond the equilibrium allocation (in the manner of a non-linear tariff, which presents 

a complete menu of options), to capture all equilibria arising in indirect mechanism setting 

games. 

4.5.7 The Common Agency Model 

We now turn to a characterization of implementable and feasible allocations in common 

agency games with two principals i=1,2, who simultaneously and non-cooperatively offer 

mechanisms to a single common agent. We follow the route taken in the single-principal 

single-agent case and characterize implementability before proceeding to a description of 

the optimal contract offers for the two principals. This section follows the models proposed 

independently by Martimort (1992) and Stole (1992). 

In analogy to the single-principal single-agent case, define common implementability as 

follows: 

Definition 38 An allocation (xi("))x2("), tl("), t2(")) is commonly implementable if there 

exist transfer schedules t1("), t2(") such that the agent's incentive compatibility constraint is 

satisfied, that is, if for all (0,0 , 92) E 03 

u(Xl(e), X2(e), 0) + tl(0) +t2(O) ? u(x(b1), x2(e2), B) + tj(e1) + t2 (e2), 

or, in terms of indirect utility, for all 0EO, 

U(O, e, O) = max v(el, e2, e). 
e,, e2Ee2 

Definition 39 An allocation (xi("), x2("), tl("), t2(")) is commonly feasible if U(0,0,0) >0 

vo¬e. 
Consider first incentive compatibility. Restricting attention to direct mechanisms, the 

agent's best reply functions are defined as 51(92 
i 6x1, x2, tl, t2) = arg maxe U(9,92 ) 0) and 

02(Oi, OIxl) x2, t1i t2) = arg maxe U(01i B, 0). In equilibrium, of course, e1= 02 = 0. Neces- 

sary conditions for implementability can be derived as in the following: 18 

18cf. Stole (1992) 
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Proposition 40 (Stole) An allocation is commonly implementable only if., 

U ö, (0,0,0) = 0, i=1,2 

Uese (e, e, O) + U6162 (e, e, B) >0 

Uele(B, B, 0) Ub20(0, B, 0) + UBle2 (0109 0) (Uj0(O, O, O) + Ub20(01070)) >0 

or, analogously: 

tý = -ux: (xi, x2 i 9)xz, i=1,2 (4.15) 

Uxlx2(X1)X2, O)X1X2+Uxi0(X1)X2ie)xq > 0, i=1,2 (4.16) 

uxleux2oxix'2 + uX, x2xix2[uxlexi + ux2exä] >0 (4.17) 

Martimort (1992) obtains identical conditions in his equations (12) and (13). The proof 

follows along the lines of the single-principal single-agent case and is therefore omitted. 

What becomes clear from the second-order conditions is that, in general, in the multiprin- 

cipal setting, the solution to the contracting problem will depend on whether xi and x2 are 

contract substitutes (UX1X2 < 0) or contract complements (uX, X2 > 0). 

If ux1-22 = 0, the problem reduces to two unrelated standard single-principal single-agent 

problems, so that a version of the constraint reduction theorem (proposition 27) applies. 

In general, however, the necessary conditions (4.15)-(4.17) are not sufficient. A sufficient 

condition for implementability is (cf. Stole (1992, Theorem 5)) that, for all (51, B21 0) E 03, 

r62 r91 f9z rB 

JJ Ublö, (t, s, B)dtds +JJ (U2(t, 
s, t) + Ue20(t, s, t)) dtds+ 

94 



rB1 rB 
+ UB10(s, t, t)) dtds <0 +J10 

and Uei (0,0,0) = 0. The proof is simple and is therefore not reproduced here. For details 

cf. Stole (1992). 

To see why sufficiency in the common agency case is a more complex problem, consider 

the case where uX1X2 = 0, so that (4.16) and (4.17) reduce to uXiex'i > 0. This is just the 

condition for implementability in the single-principal single-agent case, so that xs 0 is 

sufficient for implement ability. (Compare this reduced second order condition with (4.13). ) 

Now suppose u , 1X2 
0, but that the agent's report to principal -i is known to be Li = 0. 

Then (4.16) and (4.17) both reduce to UXiexä +ux, x2x' _>0. But this last condition cannot 

be sufficient for implementability: additional constraints are needed to ensure that B_= =0 
for any contract {xi, ti}, hence the complex sufficiency condition above. In general, principal 

i's contract choice will have an external effect on the agent's report 9_=. 

Finally note that for independence of xi and x2 in the agent's utility function, the 

integral condition, above, is sufficient for the conditions 

u(Xl(e), x2(e), e) + tl(B) +WO) >_ u(x1 (el), X2(0), 0) + t1A) + t2(e), 

u(x1 (0), x2(e), e) + ti(e) +t2(0) >_ u(xl(B), x2(e2), e) + ti(e) + t2(e2), 

which, of course, are just the implementability conditions for two separate contracts for the 
decisions xl and x2. 

Now that implementability is characterized, we study the principals' optimal contract 

choices. Again we follow Martimort (1992) and Stole (1992). 

Consider principal i's contract choice. Recall that equation (4.11), which states that 

U(O) = f; 0 ug(xi(s)) x2(s), s)ds, is the informational rent extracted by an agent of type 0. 

Provided the Spence-Mirrlees condition holds (ux, O > 0), a decrease in xi reduces the agent's 
informational rent. When the decisions are substitutes, a decrease in decision xi will lead 

to an increase in x_i, which tends to increase the agent's informational rent. Principal i's 

incentive to reduce xi through her contract choice is therefore reduced, and in general the 
decision will be greater than that under cooperation. In the case of contract complements, 
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a decrease in xi in order to reduce the agent's rent will lead the agent to reduce x_i also, 

so that her rent is reduced further. Generally, the agent's decision will be lower than that 

in the benchmark case. This illustrates the nature of the indirect contractual (type 1) 

externality, an externality in pure rent extraction. 

We can be more specific about this externality. Recall the definition of the agent's best 

response functions, 91 and 62, and consider how this report changes in response to a change 

in the principals' contracts. Stole (1992, Theorem 8) quantifies the externality of principal 

i's contract choice on the agent's report to principal -i: 

OB_i[BIxi] 
äxi 

uxlx2(xli x2) e)/[ux-iO(Xi) x-i, e) + uxlx2(xi)x-i, 0)xil if XI 
-i 

>0 

0 ifx! ti=0 

It is clear that, when decisions are complements (uX1X2 > 0), the agent's report to principal 

-i will increase as her decision under principal i's contract increases. When the decisions 

are substitutes (u2: 
112 < 0), an increase of the decision under principal i's contract will tend 

to reduce the agent's report to principal -i. 19 

To solve the model, consider the agent's rent 

U(O) = maxu(x, (Bi(e)), x2(e2(e)), e) + tl(bi(e)) + t2(ä2(e)). 
01,02 

From the envelope theorem we obtain U'(0) = ue(x1(ej(0)), x2(e2(0)), 0). By the revelation 

principle (which here is admissible: we seek to define one principal's best report correspon- 

dence to the other principal's mechanism), we have 91(9) = 0, so that we obtain 

U'(0) = ue(X1(0), x2(ea(B)), e). (4.18) 

Compare this with the expression for the change in the agent's rent with respect to type in 

the standard model, equation (4.5). Again, the agent's rent increases in type. 

"Stole (1992) obtains sufficient conditions under contract complements, for the second-order conditions 
(4.16) and (4.17) to be sufficient as well as necessary for implementability. These conditions imply also that 
Ux1x2X +us_ie >_ 0, so that the statement about the agent's report under complements can be made precise. 
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The principal's problem is to 

max 
B (v1(xi(O)) 

+ u(xi(O), x2e(O))9) + 2ä2(e)) - U(O)) f(O)de 

Xl("), e2("), U(") 

J 

s. t. (4.18), U(B) =0 (assuming that U'(9) > 0), and 

UX2(Xj(0), X2(e2(e)), 0)x2(02(0)) +tt (82(e)) =0 

(62(") is chosen optimally). 

The Hamiltonian for this problem is 

H(xi, U, e, A) = (v'(xi(O)) + u(xl(e), x2(e2(e)), e) + t2(82(e)) - U(B)) f(B) 

+A(O) (u9(x1(O), x2(e2(e)), 0)) 

-µ (UX2(xl(e), x2(e2(8)), e)xt2(e2(e)) +t? 2(e2(0)))de 

By Pontryagin's principle we have - 
äý = A'(9), so that A(9) = -(1 - F(O)); am _ 

0, so that vgl + ux1 =1fBB ux1e +µfe uX1X2X2, and ==0, so that (simplifying by 

differentiating (4.15) with respect to 0 and making use of the fact that uX2x' + t2 vanishes) 

(1 - F(O))u. I2ex2 - µ(UXIX2 ixe + uX2ex2) = 0. This yields the following characterization 

of principal i's best response to principal -i's contract offer; given sufficient care is taken 

in extending the best response function appropriately, it also characterizes an equilibrium 

{xl, x2} with increasing decision functions in the common agency game: 

vi + uxi 
1 

. 
f((O 

luxtg 
+ 

ux 
`BUXlX2X' i (4.19) 

f(O) ux_; e + uXlXsxýt 

with 

0 
t(B) - 

Jo 
vxj (x1(8)7 x2(8), s)xi(s)ds + azu(xi (B), x2 (6), 9) 

for some ai such that al + a2 =1 (Stole (1992, Theorems 9,11) and Martimort (1992)). 

Note that, as before, there is no distortion in the decisions for the "best" type 9 agent. Note 

also that there is now an additional distortionary term 
ux-`Bux'xax_` 7 which is positive for 
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contract complements, and negative for contract substitutes (if the second-order conditions 

are necessary and sufficient for implementability, i. e. if u,; _, o + u2: 112xä > 0). From the 

concavity of v(") and u(") we can therefore heuristically conclude that when decisions are 

complements, decisions will be lower than in the cooperative benchmark case, and when 

they are substitutes, they should, in general, be higher. 

Generally, we would now confirm that the xi are nondecreasing. Under common agency, 

this is much harder than in the standard single-principal single-agent model. When decisions 

are complements, restrictions on some third derivatives (u: 'i"; xe + u11X2e < 0, ux1X2e < 0, 

ux; ee < 0) give the desired conclusion on xi. In this case, also, there exists a continuum 

of equilibria; all have the property that the equilibrium decision (as anticipated earlier) is 

lower than that in the cooperative benchmark case. 

When decisions are substitutes, proving that the xi are nondecreasing is even more 
difficult. One sufficient condition is linearity of the inverse hazard rate, quadratic utility, 

and the somewhat hard to interpret condition vs{x{+ux'x' > (1 +, y) " In this case also, u=1x2 _ uy'B 

uniqueness of equilibrium can be established. 20 

4.5.8 The Way Ahead 

A study of the pure rent-extraction externalities between principals in a common agency 

game, while a useful and, as we have seen, insightful exercise, does not yet answer one 

question that our (Coasean) organizing example raises: How are common agency models 

applicable to situations in which principals compete against each other, not just in rent 

extraction from a common agent, but also, through the agent, on a common product market? 

Many common agency problems of real interest are of this type: How do utilities price 

products (electricity or gas supply, telephone service) when different suppliers compete for 

the same customer? How do airlines sell tickets to agents when an agent could choose 

amongst any number of (more-or-less homogenous) carriers? How do insurers with similar 

or identical products compete via a common sales agent (independent financial adviser)? 

In all these examples, there is an additional conduit for an externality between principals: 

if the agent buys more of one principal's good, she will buy less of the other's. In general, we 

would want to include the entire vector of decisions in each principal's utility function. For 

20cf. Stole (1992) 
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instance, in a "typical" non-linear pricing game (e. g. two electricity suppliers competing 

for a single customer), if both were to offer strictly concave non-linear tariffs, one should 

expect a boundary solution: the agent would presumably buy the homogenous good from 

only one supplier. The principal who currently sells none of her product to the agent might 

then consider offering a less concave pricing schedule to attract some purchases from the 

agent, thus compromising informational rent-extraction. 

Much of this is still unclear. In recent unpublished work, Martimort and Stole (1999a) 

have begun to address this class of problems. 

The Common Agency Model with Direct Contractual Externalities 

Martimort and Stole (1999a) model a situation in which two principals i=1,2 buy in- 

termediate goods xl, x2 from a common agent, and produce final outputs that are perfect 

substitutes on the product market. Principals' production is costless and such that from ev- 

ery unit of input, one unit of output is produced. The market for final goods is characterized 

by an inverse demand curve p(xl +x2). We therefore interpret the agent's utility u(xl, X2i 0) 

as the agent's production cost of the two intermediate goods and accordingly as nonpositive. 

9 is the agent's efficiency parameter. Transfers flow from principals to agent, so the ti are 

positive. Principal i's payoff is the profit from selling xi, that is vi(xz, x_=) = p(xl + x2)xi. 

Therefore the only change from our earlier model is that x_= enters in principal i's pay- 

off function. Nor is the methodological approach to solving for the equilibrium contracts 

altered: Each principal takes the other principal's contract (here, non-linear pricing sched- 

ule) as given, and calculates (using the revelation principle) her own best response. In this 

exercise, all the results from the standard principal-agent model (and in particular, the 

constraint reduction theorem) can be used. 21 

For bounded support of the agent's information parameter 0, there exist a multiplicity of 

Nash equilibria, each supported by different conjectures about off equilibrium path behavior. 

When intermediate goods are substitutes in the agent's utility function, total (final) output 

will be between the Cournot and the Bertrand quantities; when intermediate goods are 

complements, total output will lie between the monopoly and the Cournot quantities. In 

2'The exception is that the single-crossing property ux, e >0 cannot automatically be assumed, since u 
will in general depend on principal -i's mechanism. Martimort and Stole (1999a) therefore restrict attention 
to equilibria in which this condition holds. 
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the spirit of Klemperer and Meyer (1989), Martimort and Stole introduce more uncertainty 

into the model (by giving the agent's private information parameter unbounded support), 

and are then able to select a unique equilibrium. Interestingly, the equilibrium output 

lies strictly between the Cournot and Bertrand outputs for the lowest type agent, when 

intermediate goods are either substitutes or complements. This game therefore implements 

neither the most collusive, nor the most competitive outcome for the principals. 

Comment 

While the literature has moved towards addressing a class of problems that should naturally 

be modelled as instances of "common agency" (e. g. common retailers for homogeneous 

products produced by different suppliers, non-linear pricing of utilities, etc. ), we have not 

yet advanced far enough. Let us return to our organizing example for a moment and point 

out the directions in which research still needs to progress. 

First and foremost, in most situations of common retailers (and the D. J. in the Coasean 

payola example is just an instance of a retailer, albeit a special case), the retailer has private 

information about the market, or a particular customer. For instance, the travel agent 

knows the local market for package holidays better than the tour operator (who might want 

to design a product on the basis of the agent's advice); the independent financial adviser 

has more information about a particular client's background (e. g. health status) or his 

preferences (e. g. preferred payment schedule for life assurance products) than the insurer 

who offers the product (and who will want to design a policy such that it fits the customer); 

and the D. J. knows the tastes of her audience (and accordingly record producers may or 

may not want to advertise to this market through payola). In all these cases, in one way 

or another, principals interact on a product market. Importantly, however, producers want 

to learn a characteristic of the market, because this characteristic (e. g. the anticipated 

popularity of their record) will influence their payoff. In other words, we want a model in 

which producers' utilities depend, not only on the output (the decision) of each of her rivals, 

but also on the market characteristics she seeks to learn from the agent. Further, in many 

situations of economic interest (the payola case, the package holiday case, and the insurance 

contract example, are instances of this) the product sold is a differentiated product, and 

we could interpret 0 as information about any product's location in the space of consumer 
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preferences. 

We might want to set up a model like this in the following way: let each principal 

(record producer) i have a record (record i) which she seeks to introduce to the market; let 

xi be the frequency with which producer i's record is played on a D. J. 's radio show. The 

D. J. 's (agent's) utility then is u(x1i x2) 0) + t1 (X1) + t2(x2), where 9 measures the relative 

popularity of record 1, such that, uxle >0 in the usual way, but of course uX20 < 0. 

This reflects the fact that the D. J. 's popularity is influenced by the records she plays, 

and, while more records are better than less (several radio stations now advertise "more 

music, less chat"), the marginal gain from playing more of a record increases with the 

record's popularity. A natural place to start the modelling would be further to assume that 

ux, x_, >0 (audience likes variety). Further, in the payola case, payments are restricted to 

be of the form ti(xi) = rixi (i. e. payment schedules are linear), although it is not clear 

whether this feature should be imposed on the model at the outset. Each producer's utility 

vi (xl, x2,0) depends on the number of times its record and its rival's record is played, as 

well as on the record's popularity. One should expect that vii > 0, and v'ix_i < 0, and 

that vile >0 while v229 < 0. 

Proceeding in the usual way (holding principal 2's mechanism fixed), we could find 

principal 1's optimal response to principal 2's contract offer. Then holding principal 1's 

contract fixed, and defining 9= 1- 0, we could do the same for principal 2 (the redefinition 

of 0 serves to make the constraint reduction theorem applicable). The presence of 0 in each 

principal's payoff function will not affect the solution technique. 

What will the solution look like? Producer 1 seeks to design a schedule such that the 

D. J. prefers playing a lot of record 1 when 0 is high. Therefore, she has to leave the agent 

increasing rent when 0 is high. But producer 2 seeks to design a schedule such that the 

D. J. prefers playing a lot of record 2 when 0 is low, so she has to leave the agent higher rent 

when 0 is low. If principal 1 were to increase the number of times with which her record 

is played, since u;, 1 _{ 
>0 (records are complements), the agent would want to play more 

of principal 2's record. This would reduce her rent (from principal 2), so that there is less 

rent for principal 1 to extract, and so principal 1's incentive to increase the number of times 

her record is played is reduced. It is not clear therefore that (as in the case of substitutes 

in the common agency game of Martimort (1992) and Stole (1992)) there is either over 
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or underprovision of xi, relative to second-best. There is another incentive that works in 

the same direction: if principal 1 increases the number of times her record is played (and 

therefore increases the chances that her records are sold), she will increase (because records 

are complements) the number of times her rival's record is played. This in turn reduces 

her chances for record sales (we expressed this by assuming that vXtix_i < 0), so that her 

incentive to increase the number of times her record is played is reduced. 

Note that we have assumed record popularity to be fixed: the question was one of 

introducing a given record to the market. Further complications arise when principals use 

a common agent to acquire information about a customer's preferences so that they can 

design a product specific to that customer. This is what we might want to model in the 

insurance sales context: rival insurers attempt to obtain information about the customer's 

preferences from an insurance broker (and want the broker to misrepresent that information 

to the other principal), so that they can offer the customer the "right" (for the customer) 

product, while the rival offers the "wrong" (for the customer) product. In equilibrium, if 

the revelation principle is applicable, the agent will report correctly to both principals (so 

that the customer obtains the "right" policy), but this will generally come at a rent cost. 

Horizontally Differentiated Principals 

Mezzetti (1997) goes some way to address the issue of horizontal differentiation of principals. 

In a very specialized model, with fully specified agent utility and uniform distribution over 

the type space, Mezzetti studies two principals with horizontally differentiated products 

who use a common (sales-) agent. The agent has private information about her marginal 

productivity in selling the two products (assumed to be complements for consumers). The 

agent, of course, faces countervailing incentives: since equilibrium reports to both principals 

coincide, if she over-reports to one principal (i. e. extracts rent), she under-reports to the 

other principal (i. e. obtains reduced rent). In general, one should therefore expect lower 

levels of rent extraction in common agency than when principals co-operate (as in the 

benchmark case, above). Mezzetti also shows that over an intermediate type space (the 

agent is similarly productive in her sales performance for both products), there is pooling 

of agent types (that is, a flat transfer schedule). One should therefore expect commission 

payments for specialized sales agents and flat fees for agents who are similarly productive 
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in both tasks. The intuition for pooling of types, of course, comes from countervailing 

incentives: while reporting a higher type to one principal is beneficial to the agent (in terms 

of rent extraction), she loses rent from the other principal. If the level of activity in both 

tasks is similar (because the agent is of similar productivity in each), the transfer schedule 

in this region is likely to be flat. 

While clearly a specialized model, Mezzetti (1997) studies an important practical ques- 

tion. However, we still have no answer to our motivating question of the interaction of 

differentiated products, through a retailer, on a market on which the two products are close 

substitutes. 
The common agency literature has not had as large an impact as many have hoped. 

Much of this is due to the difficulties we have pointed out above: the general inapplica- 

bility of the revelation principle, and the fact that the theoretical literature has not been 

generalized sufficiently to address problems of economic concern such as those we have just 

outlined. Yet, some applied work has been carried out; and we review some of it below. 

First, however, we present a closely related class of models, in which two principal-agent 

hierarchies compete against each other. There are obvious, close links with the literature 

on common agency, and we will find a brief look at the model's methodology useful in order 

to classify applied work. 

4.6 Competing Hierarchies 

In a class of models intimately related to common agency models, one-principal one-agent 

hierarchies compete against each other. Consider, for instance, the literature on tax compe- 

tition: government-firm pairs in two countries compete for export sales to a third country 

(as in Brainard and Martimort (1996)). Alternatively, a natural question to ask is: what is 

the obvious alternative to common sales agency? The obvious answer is: exclusive dealing. 

From the perspective of "competing hierarchies" models, exclusive dealing is the competi- 

tion of firm-exclusive dealer pairs in a downstream market (Martimort (1996a)). An early 

literature survey is Gal-Or (1997). Here, we focus instead, as indeed we have done for most 

of this chapter, on modelling technique. 
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4.6.1 The Model 

We use the same notation as above, with only minor (obvious changes). Let there be two 

agents i=1,2 of type 0, and two principals i=1,2. Principal i offers a take-it-or-leave-it 

contract (xi(9=), ti(6a)) to agent i (considering direct revelation mechanisms is without loss 

of generality when contracts are private). With only slight changes of notation, denote 

agent i's indirect utility when she reports bi by U2(Bj, 0) - uz(xi(Or), x2(82), 0) +t2(Bj), and 

principal i's utility as v=(xi(9z)) - t2(9i). As before, we first characterize implement ability 

and then proceed to use the revelation principle to derive best responses. 

4.6.2 Solving the Model 

Consider first implement ability. We know that in a Nash equilibrium for agent 1, Ul (B) 

Ui(0,0) = maxelu1(xl(61), x2(0), B) +t1(91), and similarly for agent 2. By the envelope 

theorem we obtain immediately 

u1 (0) = i42 (x' (0), x2 (0), 0) x' (0) + t4 (xl (0), x2 (0), 0) (4.20) 

which is not straightforwardly increasing in type. However, the literature has usually 

proceeded by placing conditions on u that are sufficient for U; > 0, so that linear pro- 

gramming techniques may be used. 22 Equation (4.20) implies obviously that ti (0) _ 

-uýl(xl(0)) x2(0), 0)x'l(0). The local second order condition is 

(u, 1X2(X'(e), x2(O), e)x2(e) + uxl1o(x1 (e), x2(e), e)) xi(e) ? 0. 

Principal 1's maximization problem is to 

max 
0 

(vl (xl (B)) + ul (xl (e), x2 (e), e) - U1(9)) f (e) de, 

subject to (4.20) and U1(2) =0 (assuming that U«(0) > 0). The Hamiltonian for this 

22 By restricting the agent to "aggregated" payoff functions, i. e. payoff functions u(. ) that satisfy 
8 (uz (2111-1.2 )=0, increasing rent concave Hamiltonian and global optimality of the principal's Prob- ext 49(21, x2,0 ++ 

lem can be ensured (cf. Martimort (1996a)). 
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problem is 

H(xl, Ul, O, A) = (v' (xl (e)) + u' (xl(e), x2 (e), O) - Ul (e)) f (e) 
+A(e) (ux2 (X' (e), x2 (e), 0)x12 (0) +U (xl (B), x2 (e), e)) 

This yields the following necessary condition for a differentiable equilibrium for principal 

i: 23 

1- F(9) 
V. +U1 f(e) 

(ux1X2xý + axle) . 
(4.21) 

As before, the properties of the equilibrium solution depend on a term u-. 1 2, and there- 

fore on whether the goods are substitutes (uX1 
2< 0) or complements (uX1x2 > 0). When 

the contract decisions xl and x2 are substitutes, there exists a unique equilibrium, with 

output between first-best and the output achieved if the principal-agent hierarchies did not 

compete (i. e. the standard principal-agent model), and when decisions are complements, 

a continuum of equilibria with output below that achieved in the standard principal-agent 

model (Martimort (1996a, Proposition 2)). 

4.7 Applications 

This section discusses some straightforward applications of the general common-agency 

theory. Much of the applied work in this area follows closely the theoretical model of 
Martimort (1992) and Stole (1992). 

4.7.1 Common Marketing Agents 

In an adverse selection context, the general theory developed in Martimort (1992) and 
Stole (1992) can be straightforwardly applied to a model of common marketing agents. In 

a worked example (Martimort (1992)), the agent faces a set of inverse demand schedules 
for the products of both principals and has a (uniformly distributed) marginal cost, 0. The 

agent's utility function therefore becomes u(xl, x2,9)+t1+t2 = (a-B) (xl+x2) 
-2 

(xi+x2)+ 

23 Conditions need to be placed on xi to ensure differentiability of the equilibrium. 
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2cxix2+t1+t2. The principals' objective is to minimize monetary transfers, i. e. vi (") = 0. 

The form of the problem allows an explicit solution for the symmetric equilibrium decisions, 

but otherwise does not add to the results from the general model. 

Martimort (1996a) models the choice of two principals (producers) between two orga- 

nizational structures: a common marketing agency (common agency) and exclusive dealing 

(competing hierarchies). The timing of the game is the following: First, principals choose 

retailing structures. In the continuation game, decisions (and principals' utilities) are de- 

termined according to equations (4.19) and (4.21). The setting is the same as that in 

Martimort (1992), with inverse demand curves pj =a- 2xß + cx1 for j=1,2, j#i, 

and the agents' privately known marginal cost 0, distributed uniformly on [B, 0]. (Alterna- 

tively, 0 could be interpreted as the agent's private information about the state of demand. ) 

Under common agency, the agent maximizes uc(xl, x2) 0) + ti + t2 = (a - 0) (xi + x2) - 
z (xi + x2) + 2cxlx2 + t1 + t2; in the competing hierarchies model, each agent j maximizes 

uch(x1ix2,0) + t, = (a - 0)xß - 2xß + cxjxi + tj. Again, the principals' objective is to 

minimize monetary transfers, i. e. v3 (") = 0. The principals' choice of marketing structure 

reduces then to a comparison of principals' utilities under common agency and competing 

hierarchies. Roughly, in the common agency model, the level of upstream coordination 

is high, but the agent can misrepresent her private information to two principals, which 

introduces the additional inefficiency (externality in rent extraction) discussed above. In 

the competing hierarchies model, this inefficiency is removed, but coordination between 

principals is low. 

4.7.2 The Internal Organization of Government 

Martimort (1996b) presents a simple and straightforward application of the common agency 

model under adverse selection. Let the agent be a firm with production cost 0, and let the 

decision be a choice between production and non-production. (In terms of the general 

model, the decisions are contract complements. ) Principal j (a regulator) maximizes social 
benefit S, in her jurisdiction and is restricted to paying lump-sum transfers Tj to the agent. 
Transfers are socially costly, i. e. they have a shadow cost A. Principal j's expected utility 
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is therefore 

rTl ß-T2 
(SS-(1+A)Tj)F(T1+T2)+J (T1+T2-0)f(0)dO. 

In the cooperative (integrated) case, where the (single) principal's concern is with S1+S2, 

and letting T= T1 +T2i we can calculate the cut-off value of 0,01, below which the project 

is performed. 0 solves S1 + S2 = (1 + A)0' +A f0 Under non-cooperation (separation), 

the cut-off value OS solves S1 + S2 = (1 + \)O + 2A BS 
.A generalization to n principals f(e ) 

yields a cut-off ON that solves E Sj = (1 + A)O" + nA f(BN. Obviously, es < 0' < OF 

(where OF is the full-information cut-off value) and the inefficiency increases as the number 

of principals n increases. (Note that, for the complements case, the general model predicts 

"too much" rent reduction, i. e. a decision that is "too low". ) 

4.7.3 Strategic Trade Policy Design 

The general theory on competing hierarchies under adverse selection developed in Martimort 

(1996a) is used, with only slight change of notation (u(. ) is specified as profit from selling 

output in a third country, with a simple linear inverse demand curve), in Brainard and 

Martimort (1996) to model the design of trade policy. Two government-firm pairs compete 

against each other for exports to a third country. Firms compete in quantities on the product 

market, while governments can make transfers (pay subsidies) to the firm in their country. 

In this model, there exists a multiplicity of (symmetric) equilibria, which furthermore can 

be ranked with respect to their output levels: output will be between the Cournot and 

Bertrand outputs. 

Bond and Gresik (1996) model competition between two countries in tax/subsidy sched- 

ules (conditional on intra-firm trade) to a multinational corporation with a parent division 

located in the home country, and a subsidiary located in the host country. The parent 

produces an intermediate input while the subsidiary uses the input to produce final out- 

put. The home country is interested in maximizing tax income and a share of profits (say, 

because they may also be taxed, although this is not modelled). The foreign country seeks 

to maximize consumer surplus net of taxes and subsidies. Governments are incompletely 

informed about the firm's marginal production cost. Bond and Gresik study the two cases 
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in which the firm makes the same cost report to both governments, and the case where the 

firm can make separate reports. When the cost report is joint, there exists a continuum 

of differentiable equilibria, all of which imply output quantities below the full-information 

and the co-operative benchmark cases. The intuition for this is that total welfare is de- 

termined by taxes, and split up between countries using lump-sum subsidies to the firm. 

The multiplicity of equilibria is supported by the multiplicity of possible divisions of the 

surplus between countries. With separate cost reports, when cost is distributed uniformly 

and demand is linear, the same result obtains. 

4.7.4 Merger Policy 

Without a clear theoretical framework, Smets and Van Cayseele (1995) address the issue of 

merger policy on cross-country mergers in a common agency framework. They ask the ques- 

tion of whether merger control should be carried out by (competing) national authorities, or 

by a supranational (for instance, European) competition authority. Although an important 

question, absent clear theory their suggestions are ambiguous, and uninformative. As our 

chapter 7 demonstrates, the answer (although in the simpler context of international price 

regulation) is far from obvious. In that chapter we study an issue similar to that addressed 

by Smets and Van Cayseele (1995), but provide a clear theoretical framework within which 

to address the problem. 
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Chapter 5 

What Should the State Buy? 

With Paul A. Grout and Maij a L. Halonen 

In this chapter we study the provision of incentives in a three-tier hierarchy. In a very 

general formulation of the model, a principal delegates decisions to two agents. Agent 1 

takes an unobservable action choice, linked to an outcome through a stochastic technology. 

This outcome is observable by agent 2, and determines that agent's type. The principal 

cannot observe the outcome of agent 1's action choice and therefore, by implication, cannot 

observe agent 2's type. Since the principal cares both about the action taken by agent 1 

and agent 2's type (for instance, because agent 1's decision determines the cost with which 

agent 2 produces an input into the principal's production), the principal will generally wish 

to contract with both agents. We study a model in which institutional factors constrain the 

contracts that the principal can write, and we investigate the incentives for agents, given 

these institutional constraints. 

A similar hierarchical structure has been studied by Tirole (1986) in the context of 

an agent who takes an unobservable (to the principal) decision under conditions of moral 

hazard, and a supervisor who obtains scrambled information about the agent's performance. 

The principal's problem in Tirole's model is to provide the correct incentives for the agent 

when agent and supervisor can collude to hide unfavorable information from the principal. 

In Tirole's paper, the principal has little interest in the supervisor's action apart from its 

informational implications (the supervisor's actions reveal information about the agent's 
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performance). In our model, by contrast, we focus on the existence of both a situation of 

moral hazard in the relationship with agent 1, and an adverse selection problem between 

principal and agent 2. The principal has a direct interest in agent 2's decision, quite apart 

from that decision's information-revealing qualities (i. e. revealing of agent 1's action choice). 

We analyze this hierarchical structure within the context of the problem of public service 

provision. The principal (the state) delegates service provision to agent 2 who uses an 

asset provided by agent 1. In a model of asymmetric information about the endogenously 

determined quality of the asset, we study the quality of the public service provided by 

agent 2 who uses the asset as an input into production of the service output. In particular, 

we are interested in the incentives for the producer of the asset to invest in asset quality, 

and the resulting quality of service provision under different, institutionally determined, 

ownership structures. Incentives for agent 1 will generally depend on whether the principal 

procures (and owns) the asset, or whether procurement (and ownership) is delegated to 

agent 2. We also study the case where agent 1 and agent 2 are integrated, so that one agent 

both provides the service output and takes the investment decision. We find that in this 

latter case ownership of the asset by the agent (rather than by the principal) tends to lead 

to higher-powered incentives to invest in asset quality precisely when the public service is 

"essential, " that is, when its demand is inelastic. 

The reason for our interest in this model is the growing importance of private sector 
involvement in public service provision and capital investment. Despite the importance of 

public sector involvement in public procurement, we are not aware of an argument that 

favors private over public investment. In this paper, we provide such an argument. Our 

recommendation is that, under a wide range of circumstances, the state should buy services 

only, and allow service providers to procure assets. This justifies the present UK govern- 

ment's dedication to the private financing of capital assets for public service provision. 

5.1 Introduction 

Since the work of Buchanan and Tullock (1962), we know that the traditional view of 
governments as benevolent public good providers, best placed to deliver efficient public 

services, is mistaken. In practice, in many countries the boundaries of the state have been 
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redefined: the role of governments has shifted from provider of public services to designer of 

market mechanisms for the private provision of these services. Examples of this redefinition 

of the state are the competitive tendering for public service provision, the privatization 

and regulation of public utilities, education voucher schemes, the design of auctions for the 

allocation of the radio spectrum or broadcasting licences, and so on. The Private Finance 

Initiative (PFI) in the UK is just one example of this ubiquitous trend. 

The aim of the Private Finance Initiative is to transform the public sector 

"from being an owner of capital assets and direct provider of services, into a 

purchaser of services from a private sector partner responsible for owning and 

operating the capital asset that is delivering the service. ... 
[C]onventionally, a 

builder puts up a structure, takes his fee and moves on. It is not the builder or 

designer who has to live with the asset. The public sector is left to manage an 

asset that they are unlikely to be best placed to operate. A PFI deal harnesses 

the operating expertise of the private sector contractors involved in the design 

and build stages ... " HM Treasury Economic Briefing 9 (April 1996) 

Clearly, this is an important trend. In the UK, during the fiscal year 1997-1998, in- 

vestment under the private finance initiative amounted to £2 billion of a total procurement 

budget of £13 billion. Given the present government's dedication to PFI and public-private 

partnerships, a sustained increase in the proportion of privately financed capital invest- 

ment seems likely. It is therefore important that we understand the different incentives for 

builders of assets and public service providers that are created by PFI. We do not find the 

reason of "greater operating expertise of the private sector" per se compelling. 

We have just cited non-benevolence of government as one reason why public provision of 

public services may not be optimal. But non-benevolence is just one reason to doubt whether 

public service provision is best undertaken by the state. Even benevolent governments may 

not be in the best position to guarantee quality of public service provision, for instance, when 

quality is only imperfectly observable, or when complete contracts specifying the service 

output cannot be written. In the case of contractual incompleteness, different ownership 
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patterns induce different incentives for provision of quality in the public service. 1'2 For 

instance, Hart, Schleifer, and Vishny (1997) study the question of public versus private 

ownership when investments in cost reduction and investments in quality improvements 

cannot be contracted on (say, because contracts cannot precisely define the actions to be 

taken in every conceivable circumstance). Generally, they find that incentives for cost 

reduction and quality improvement are weak under public ownership and strong under 

private ownership of the assets used to provide the public service. Whether public or 

private ownership is to be chosen then depends on the trade-off between cost reduction and 

the implications this has for service quality. 

In this chapter, we also study the incentives for quality in asset and service provision 

under different ownership structures. In particular, we are interested in the incentives for 

quality in asset and service provision under PFI, and we contrast them with the incentive 

structures under traditional public-sector management of state-owned assets. However, we 

do not rely on incomplete contracting as the driving force behind our results. In fact, we 

show that results similar to those of Hart, Schleifer, and Vishny (1997) can be obtained 

even when complete contracts can be written. 

In our model, an asset necessary for the provision of a public service is to be procured 

(examples of this are prisons, hospitals, schools, etc. ). Once the asset is built, government 

cannot observe the quality of the asset which is then used to provide a public service, in 

the following sense: the state cannot observe whether a private builder has made a cost- 

reducing investment in the asset's building phase. Investment in asset quality reduces the 

cost of service provision and therefore increases the quantity, or quality, of the service 

output. Governments may well be in a position to write complete contracts with the service 

provider, that is, a contract fully revealing of cost conditions. Once the government knows 

the cost of service provision, it can then "back out" the likelihood with which the builder has 

invested in cost reduction (i. e. asset quality), and can then impose sanctions on the builder. 

Typically, these sanctions are damages imposed by a court, and previously specified in the 

contract the government writes with the builder. In equilibrium, these sanctions should be 

chosen such that the builder makes the cost-reducing investment. However, this result does 

'The literature on incomplete contracts begins with the paper by Grossman and Hart (1986), and Hart 

and Moore (1990), and is summarized in Hart (1995). 
'For a survey of the literature on public versus private ownership, cf. Shleifer (1998). 
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not necessarily hold. 

The intuition for our results is best expressed as a commitment problem. Typically, 

the state would wish to write a (complete) contract with the service provider that induces 

the service provider to provide high service quality (or high quantity) of output when 

the cost of service provision is low (and the per-unit price the state pays for the service 

output is therefore correspondingly low) and vice versa. From the information obtained in 

this "revealing" contract, the state can then provide incentives to the builder (via damage 

payments) to invest in cost reduction (or high asset quality). However, when governments 

have a concern both for the consumer surplus created through provision of the public service 

and an incentive to maximize monetary income (for instance, because this can be used to 

finance other public projects), the fact that damages can be imposed on the builder may 

act as an incentive for the state not to want to find the cost of service provision. Suppose 

that the chance of obtaining damage payments in court is greater the higher the price paid 

by the state to the private provider of the public service. If the damage payments the state 

can win in court are high enough, the state may wish to pay a high price for the service 

output always, claim that no cost-reduction investment was carried out by the builder, and 

obtain damage payments in court. 

Clearly, there is an externality that arises when the state can obtain damage payments 
for (alleged) non-performance. Since the state cannot commit not to "free ride" on the 

builder (by extracting damage payments from her), investment will generally be low. If 

the state could commit not to change its service contract with the service provider (i. e. to 

misrepresent cost as being high), the problem would disappear. In general, though, there 

is no mechanism for this commitment when the state owns (and procures) the asset. 
However, the government can transmit ownership (and procurement) of the asset to the 

service provider. We study two cases, according to whether the service provider builds the 

asset herself or contracts out the building of the asset. In the latter case of an "arm's length" 

relationship between the state and the builder via the service provider, similar incentives 

to extract damages exist, although this time the service provider benefits directly from the 
damages, and this indirectly reduces the cost to the government of contracting with the 

service provider. In general, we should expect no difference between this case and that 

of public ownership when complete contracts can be written. The more interesting case, 
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however, is that where the service provider also builds the asset. In this case, the externality 

(extraction of damages from the builder) is internalized: the service provider (who now is 

the builder) cannot sue itself for damages. We show that when the service provider owns 

and builds the asset, typically higher levels of cost-reducing investment can be implemented 

than under public ownership. We also show that this conclusion hinges on the nature of 

demand for the public service. Finally, we study the question of choice between different 

ownership structures when private ownership induces greater investment. In this case, we 

find that for projects for which cost can be reduced relatively cheaply, state ownership of 

the asset remains optimal. However, when the cost of investment in asset quality (cost 

reduction) is either very low or very high, private ownership of the asset becomes optimal 

for the state. 

This justifies our recommendation that, for a large class of circumstances, what the state 

should buy are services, not assets. 
The chapter is organized as follows. Section 5.2 outlines the model. Section 5.3 studies 

the different contracts that could be used by the state to contract on the delivery of the pub- 

lic service by the private service provider. In section 5.4 we use these contracts to compare 

the implications for investment under different ownership structures. Different ownership 

structures will make different contracts optimal, and this allows us to make judgements 

about the implications for investment in cost reduction under different ownership struc- 

tures. We also address the state's problem of choice between different ownership structures. 
Finally, section 5.5 concludes. 

5.2 The Model 

A principal (the state) seeks to procure an asset necessary to provide a public service. 
The principal delegates service provision to a service provider. The asset is produced by 

a builder who owns private information about asset quality. The builder obtains a fixed 

fee for building the asset. We assume that bidding for building contracts is by competitive 
tender, and that there is a large number of potential builders, so that the builder's fixed fee 

will just cover the builder's expected costs. 
The asset may be of high or low quality. Without loss of generality, let asset quality be 
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the unit cost of service provision for the service provider, 0E {9, B}, with 9>0. Denote 

high asset quality as low unit cost of service provision (B) and low quality as high unit 

cost of service provision (0). Define OB =0-0. The builder, at a cost (investment in 

asset quality) i, controls the distribution over asset qualities, and the size of i is common 

knowledge. If the builder does not make the investment i, the distribution over asset 

qualities is {(9, po), (B, (1 - po))}. If she does make the investment, the distribution is 

{(B, pl), (0, (1 - pl))}, with pi > po. We make the following modelling assumption. There 

are three states of nature: in state 1,0 =0 for certain; in state 2, by default, 0=9, but 

the builder has the option to pay i and raise quality to 0; and in state 3,0 =B for certain. 

After the builder has carried out any investments, the service provider privately learns the 

resulting cost of service provision 0 before signing its (service provision) contract with the 

principal. 

The demand curve for the service output is q(. ), such that q'(. ) < 0, with inverse demand 

q-1("). We denote q= q(9) and q= q(0). Note that q>q. Define Aq = q-q. Importantly, 

this notation is neutral as to whether we choose to model the quantity or quality of service 

provision, and we will often find it convenient to interpret q as quality of service. The service 

provider produces output q at a total cost of 9q, for which she is paid cq(c) (where c is the 

principal's conjecture about cost) and possibly obtains a subsidy s from the principal. We 

assume that, since the support of the distribution over costs is known, the only admissible 

conjectures for c are cE 12, V}. 

In some versions of our model, agents will be able to claim damages against the builder 
(for underinvestment in asset quality). The amount of damages that can be claimed is 

determined in a contract with the builder, and we denote the size of damages by d. Damage 

payments are awarded by courts. We assume that courts can observe the payment to the 

service provider for the service output, but not the size of the government subsidy (s) to 

the service provider. This assumption is natural: in the present setting, s may be non- 

monetary; for instance, we may interpret s as contractible effort the principal can spend on 
behalf of the service provider. Although such effort may be contractible for the two parties, 
it is not observable by the courts. 

All agents are risk neutral. The principal's objective is the maximization of net consumer 

surplus, v(q) - cq -s+d-m, when she can claim damages d, and for a given monetary 
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payment (for instance, to the builder) of m. We assume that v"(") < 0.3 We also interpret 

cq, s and m as payments that have to be raised through taxation (and therefore they enter 

the principal's objective), and d is revenue that can be used for other budgetary purposes. 4 

The service provider maximizes her monetary payoff s+d (if she can claim damages), 

and has an outside utility level which we normalize to zero. When the builder obtains a 

fixed fee m, the builder's objective is m-d (if damages are claimed), and her outside utility 

level similarly is normalized to zero. 

Our aim is to compare incentives for quality in asset building and service provision under 

two ownership structures: 

5.2.1 "Traditional" public service provision 

The principal owns the asset. The principal hires a builder to build the asset. Building 

contracts are awarded competitively. This contract specifies a damage payment d that may 

be imposed if the principal seeks recourse to the courts, and a flat fee to the builder, m. 

Asset quality is not observable by the principal. A service provider, different from the 

builder, provides service output q at unit cost 8. The quantity (or quality) of service output 

(q), and the service provider's reward, s, is determined through a contract between principal 

and service provider. In particular, the principal has a choice between writing an incentive 

compatible (fully revealing of cost conditions) contract, or a non-revealing contract. In 

either case, the contract has to allow the service provider a nonnegative rent, whatever 

the cost conditions may be. This assumption captures the fact that the public service is 

necessary: the service provider can not be allowed to quit. Whether the principal has chosen 

a revealing or a non-revealing contract, she can attempt to sue the builder for not investing 

in quality improvement. Damages of uniform size d (i. e. damages that do not depend on the 

size of the actual or claimed loss) will be awarded by courts when c=B, and no damages 

will be awarded when c=A. That is, when the principal pays the lowest possible price for 

the service this is reason for courts to believe that asset quality must have been high, so 

3The assumption that v"(") <0 flows naturally from our interpretation of v(q) as gross consumer surplus. 
Consumer surplus, for an inverse demand function q-'(q), is v(q) = f0 'q-1(t)dt. Obviously, v"(q) = 

dy q-1(q) < 0. 
'We also assume that the principal has no concern for the builder's (or service provider's) welfare. Clearly, 

this is extreme. However, as long as the weight on the builder's welfare in the principal's utility function is 
less than unity, our qualitative results will still obtain. 
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that damages are not awarded; conversely, when courts observe a high price for the service 

output, damages will be awarded. 5'6 The potential gain to the principal from writing a 

non-revealing contract is that although it generally involves higher payments to the service 

provider, these payments allow the principal to win damages with greater probability. We 

assume that courts can only observe the price paid to the service provider and the quantity 

(or quality) of the service provided. For reasons pointed out above, courts cannot observe 

the subsidy to the service provider. This implies that when courts observe a price 9 or 

corresponding quantity q, this is uninformative about whether the principal has written a 

revealing or non-revealing contract with the service provider. 

5.2.2 PFI 

The service provider owns the asset, and either builds the asset herself, or procures the asset 

privately. The principal contracts with the service provider on the quantity (quality) and 

the price of the service output, and specifies any subsidies to the service provider. Since 

the principal no longer owns the asset, she has no recourse to the courts if she suspects un- 

derinvestment in asset quality. In the private procurement case, where the service provider 

contracts out the provision of the asset to a builder, the service provider can write a damage 

contract (enforceable by the courts) with the builder of the asset. In the case in which the 

service provider herself builds the asset, the principal allows the service provider to build 

the asset that she then uses to provide the service. 

First, we study the characteristics of revealing and non-revealing contracts. We then 

turn to an examination of incentives for providing high asset quality, and how incentives 

for asset quality, and incentives for misrepresentation of actual cost are determined by the 

size of damage payments. 

5Here it does not matter whether d is the actual or expected damage payment. Courts may well impose 
damages with some (fixed) probability. Our framework allows for this interpretation. 

6In fact this strategy (award damages when price is high, do not award damages when price is low) is an 
equilibrium strategy for the court in the game between principal, builder, and the court, when the court can 
choose any strategy conditional on the observed service output. An interesting question is what happens if 
the court's strategy space is enlarged. For instance, from the size of the required investment i, the court can 
draw conclusions similar to those we will draw about whether investment can (and will) be induced. It seems 
likely that this changes the nature (and existence) of equilibria in the contract-setting game. This question, 
while beyond the purpose of the current paper, is sufficiently interesting to warrant future research. 
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5.3 Contracts for Service Provision 

In this section, we derive the properties of the service provision contracts the principal can 

write with the service provider. We use these results in the following section to study the 

implications of asset ownership on investment in asset quality. 

5.3.1 The Optimal (Second-Best) Revealing Contract 

The second-best contract between principal and service provider is standard (cf. Baron 

and Myerson (1982)) .7 The revelation principle (e. g. Myerson (1982)) allows the principal 

to restrict attention, without loss of generality, to direct revelation mechanisms (in which 

the agent reports, truthfully, on her type). When the distribution over 0 is (known to be) 

{(O, p), (9, (1 - p))}, the principal designs a contract (schedule of subsidies) {j, 3} for the 

service provider so as to 

maxp[v(q)-2-s] +(1-p) [v(q) -qB-s-I-d} (5.1) 

S. t. 

>0 _W+3 (5.2) 

s>qB-q9+s (5.3) 

s (5.4) 

s (5.5) 

Constraints (5.2) and (5.3) are the incentive compatibility constraints for low and high cost 

providers, and (5.4) and (5.5) are the individual rationality, or participation, constraints. 

7Note, however, that here we reduce the number of the principal's instruments: she can only control 
the subsidy to the service provider; the government's conjecture over cost is c(O) = 0, and correspondingly 
output is q(O). 
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Note that q and q are determined by 0 and are not choice variables for the principal. Note 

also that the solution to the program (5.1)-(5.5) yields the principal's gross payoff, before 

any direct transfers m are made. 

As is standard, we have the following lemma: 

Lemma 41 (5.2) and (5.5) are binding in equilibrium, and (5.3) and (5.4) are slack. 

Proof. The proof for this "constraint reduction theorem" is standard and therefore 

omitted here .8  
Second-best subsidies are then characterized by s=0 and s= AO. 

The principal's value function given these subsidies is: 

VR(p, d) =p [v(4) - 12 - qiO] + (1 - P) [v(q) - 46 + d] 

5.3.2 A Non-Revealing Contract 

Alternatively, the principal may write a non-revealing contract. The incentive compatibility 

constraints are therefore redundant; only the individual rationality constraints are impor- 

tant. There are two types of contracts the principal can write. Either she can pay c=8 

per unit of output and contractually require the agent to produce output q. In this case 

she needs to pay no subsidies to fulfil the individual rationality constraints. We refer to 

this contract as the high-price non-revealing contract. Alternatively, she can pay c=9 and 

require output q (and in this case, needs to pay a subsidy in order to keep a potential high- 

cost agent above the reservation utility level). We refer to this contract as the low-price 

non-revealing contract. 

In the low-price non-revealing contract, the per-unit price of output is c=9, the subsidy 
is s= qL O, and of course no damage payments can be claimed. The principal's value 

function is VL = v(q) - qO - qAO. 

In the high-price non-revealing contract, the per-unit price of output is c=8, the 

subsidy is s=0, and the principal has recourse to the courts, so that her value function is 

VII (d) = v(4) - 9e + d. 

"For a generic proof, cf. chapter 4. 
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Lemma 42 For the principal, the high-price non-revealing contract dominates the low-price 

non-revealing contract. 

Proof. We need to prove that v(q) - 49 +d> v(q) - q9 - qzO. (We prove this by 

showing that v(q) - qB > v(q) - q9 - qAO. Since d>0, this proves the lemma. ) This 

implies, and is implied by, v(q) - v(q) <L qO. Dividing both sides by Oq and taking limits 

as Oq -º 0, we have v'(q) < 0. Recall that v'(q) = q-1(q), which is less than (or equal to) 

V for all feasible values of q.   

We can therefore neglect the low-price non-revealing contract in what follows. This also 

aids expositional clarity: we will henceforth refer to the high-price non-revealing contract 

just as the non-revealing contract. 

If damage claims are impossible (d = 0), we can further order the non-revealing and the 

revealing contracts. 

Lemma 43 If d=0, the principal prefers the revealing contract to the non-revealing con- 

tract. 

Proof. The proof is similar to that just given, and is therefore left to the reader.   

As the expected damage payment d increases from zero, since both value functions 

VR (p, d) and VII (d) are linear in d (with different slopes), there exists some d* such that for 

all d< d*, Vß > VII, and for all d> d*, VR < VH. In fact, d* = v(q) - v(q) - Oq9. 

5.4 Asset Ownership and Investment 

This section studies the incentives for investment in asset quality. We analyze the case of 

traditional public service provision (the principal owns the asset) first, and derive an upper 

limit on possible investments. We then turn to the case where the service provider owns the 

asset and either contracts out the building of the asset or builds the asset itself. We find 

simple conditions under which asset ownership by the service provider results in greater 

investment in asset quality than ownership by the principal. 

The intuition for our results is this. Under traditional public service provision (the 

principal owns the asset), the principal has a choice of writing either a revealing, or a 

non-revealing contract with the service provider. If she writes the revealing contract, she 
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benefits (in expectation) from higher consumer surplus since in some states of the world 

the quantity (or quality) of the service output will be high, but she has to leave costly rent 

to the service provider. Furthermore, writing a revealing contract provides an incentive for 

the builder to invest in cost reduction (or asset quality), because damages will be imposed 

when costs are high (that is, it is likely that the builder has not made the investment), 

and no damages are imposed when costs are low (that is, it is likely that the builder has 

made the investment). If the principal writes the non-revealing contract, she loses expected 

consumer surplus because the output quantity (or quality) will always be low; but she gains 

surplus because no extra rent (subsidy) has to be left to the service provider. Furthermore, 

after the contract with the builder has been written (and the builder has been paid), the 

government gains from obtaining damages. Obviously, the higher damage payments are, 

the more likely the principal is to want to write a non-revealing contract. But it is precisely 

those damage payments that provide the incentive for the builder to invest in cost reduction 

(asset quality) if a revealing contract is written. Therefore, some investments cannot be 

induced under asset ownership by the principal, because of the incentive for the principal 

to deviate to writing a non-revealing contract. As we show below, the same mechanism 

is at work when the relationship between the principal and the builder is an arm's length 

relationship: When the service provider owns the asset, and contracts out the building of 

the asset to an independent builder, the same analysis applies. 

By contrast, when the service provider owns and builds the asset, the externality the 

principal imposes on the builder (through its damage claims) is internalized: the service 

provider cannot sue herself over underinvestment in asset quality. We make this notion 

precise below. First, we study the case of asset ownership by the principal. 

5.4.1 "Traditional" Public Service Provision 

Traditionally, a builder (who obtains a fixed payment m to cover all expected costs, whether 

or not actually incurred) builds an asset that the service provider then uses to produce 

services. The timing of play is the following: First, principal and builder sign a contract 
(m, d) specifying the builder's fee m and damage payment d, and the builder is paid m. 
Then, the builder decides whether or not to make the quality improving investment i. 

Whether or not this investment is made is private information to the builder, but the 
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service provider can observe the resulting cost of service provision. Finally, the principal 

decides whether to write the revealing or non-revealing contract with the service provider; 

the service provider produces service output as specified in the contract and payoffs are 

realized. 

We analyze the game between principal and builder. Recall that the nature of the 

service provision contract is observable only to principal and service provider. We have 

argued this above: although the service output, and the price paid for it, may be observable, 

the subsidy from principal to service provider is not. For essentially the same reason, the 

builder cannot observe the contract the principal writes with the service provider, and 

can therefore not condition her strategy on the contract type. This implies that we can 

model the game between principal and builder as a simultaneous move game. Principal and 

builder simultaneously choose their strategies: the principal either writes a revealing or a 

non-revealing contract with the service provider, and the builder either invests or does not 

invest if state 2 realizes. The service provider functions as an information-revelation device 

for the principal and has no strategic role. We focus on pure strategy equilibria. 

Note that if the principal writes a non-revealing contract with the service provider, there 

is no incentive for the builder to invest in asset quality (i. e. invest in a favorable distribution 

over service production costs): whether or not she invests has no impact on the likelihood 

of damage claims. The price of service provision is contractually fixed at 9, and therefore 

the expected damage payment is d, whether or not the builder has invested in quality. 

When the principal writes a revealing contract, damage claims do provide an incentive 

for the builder to invest in quality: when the builder invests, the low cost (and therefore 

the low per-unit price, which implies no damage claims) prevails with increased probability. 

In state 2 (where the builder has a choice over whether or not to invest), she will invest if, 

and only if, i<d. (If she does not invest, her payoff will be m-d; if she does invest, her 

payoff will be m-i. Comparison of these two yields the expression above. ) 

What about the principal's incentive to write a revealing contract? Recall that, for 

the principal, the revealing contract dominates the non-revealing contract if, and only if, 

d< d* = v(q) - v('q) - Lq9. 

In this game there are therefore three possible pure-strategy (Nash) equilibria: 

1. The principal writes the revealing contract; the builder invests. This is an equilibrium 
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if d< d* and i<d. Net payoffs are VR(pj, d) for the principal and -(1-pl)d-(pi-po)i 

for the builder. 

2. The principal writes the revealing contract; the builder does not invest. This is an 

equilibrium if d< d* and i>d. Net payoffs are VR(po, d) for the principal and 

-(1 - po) d for the builder. 

3. The principal writes the non-revealing contract; the builder does not invest. This is 

an equilibrium if d> d*and i>d. Net payoffs are VH(d) for the principal and -d for 

the builder. 

Note first that if d>i and d> d*, no pure strategy equilibrium exists. Note further that 

the choice of d in the contract between principal and builder determines the equilibrium in 

the above game. We now study the choice of contract (m, d) between principal and builder. 

Since there are potentially many builders bidding for the contract, m is bid down so 

that the builder's expected payoff is just equal to her outside utility level. Since m is a 

straightforward monetary transfer, the principal chooses the damage payment d so as to 

maximize the joint surplus between principal and builder. Note that in terms of the joint 

surplus, the (not reveal, not invest) equilibrium is dominated by the (reveal, not invest) 

equilibrium. The principal therefore chooses a damage payment d such that i<d< d* 

(i. e. she selects the (reveal, invest) equilibrium), if the joint surplus from this equilibrium 

is greater than the joint surplus from the (reveal, not invest) equilibrium. That is, the 

principal wishes to induce investment (set a damage payment dE [i, d*]) if, and only if, 

VR(pi, d) - (1- pi)d - (Pi - po)i = 

V, (pi, O)-(pi-Po)i > 

> VR (Po, d) - (1 - po) d 

= VR(po, O), 

that is, if i< v(q) - v('q) - OqB. This gives us our first result: 

Proposition 44 When the principal owns the asset, investment can be induced up to an 

investment cost of iTRAD = v(q) - v(q) - OqO. 
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Proof. The proposition follows from the argument in the text, and the observation that 

the (reveal, invest) equilibrium exists precisely when i<d< d*.   

5.4.2 PFI 

We now turn to the case where the service provider owns the asset, and either builds the 

asset herself, or procures the asset privately. Again, we focus on the incentives for quality- 

improving investment by the builder. 

Asset Provision by the Service Provider 

Here, we model the private finance initiative as the service provider building the asset. For 

the purpose of this section, we will therefore refer to the service provider as the service 

provider-builder. The principal contracts with the service provider-builder on quality of 

service provision. In particular, neither principal nor service provider-builder have access 

to the courts. The principal cannot claim damages for low asset quality because she does 

not own the asset, and the service provider cannot claim damages against herself. The 

principal's choice of instrument to induce investment is therefore solely a choice between 

non-revealing and revealing contracts, and the rents obtained by the service provider under 

each contract. 

If the principal writes a revealing contract (about service provision) with the service 

provider-builder, the service provider-builder obtains rent when costs are low, and no rent 

when costs are high. If the principal writes a non-revealing contract about service provision 

with the service provider-builder, since the principal has no recourse to the courts, there 

is no incentive for investment in high asset quality. So we know that under PFI, where 

asset-building is undertaken by the service provider, only revealing contracts will be used. 

This is in fact a simple corollary to lemma 43. 

Since in this setting subsidies (or, more precisely, the difference between subsidies for 

the low-cost provider type and the high-cost provider type) govern the incentive to invest 

in quality, the principal may find it optimal to increase the rent left to the service provider- 
builder, if the loss from increased rent is outweighed by the gain in an increased probability 

of obtaining the low realization of cost of service provision. Since (5.2) and (5.5) are 
binding in equilibrium, and (5.3) and (5.4) are slack, increasing s does not distort incentive 
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compatibility, as long ass <3+ qAO. 

The incentive for the service provider-builder to invest (in quality improvement) is gov- 

erned by the rents obtained in the service provision contract. The service provider-builder 

will invest if, and only if, i<s-s. Since increasing 's is costly for the principal and does 

not increase the investment incentive, we know that, in any service contract, s=0. The 

highest rent the principal can therefore give to the service provider-builder, and still induce 

separation of types iss = q09. Note that under this revealing service provision contract, 

the service provider's individual rationality (participation) constraint is of course always 

satisfied, and no additional transfers are required. 

How far is the principal prepared to increase rent if that increase induces investment? 

The principal's value function from increased rent s* (if it induces investment) is VR(pl, 0, s*) 

Pl [v(q) - qB - s*] + (1 -pi) [v(q) - 4] 
. The value function from writing the lowest-rent 

revealing contract (if that does not induce investment) is VR(po, 0) = Po [v(q) - qB - qzO] + 

(1 - Po) [v('q) If she can induce investment that way, the principal would there- 

fore wish to increase the subsidy to the low-cost agent up to s* =PO {v(q) - v(-q)] - 
PI -20 [QQ -'q9} + 229 q09. The same method of proof employed above shows that q0O < P1 P1 
s* < qAO, so that we know that the point to which the principal would wish to increase 

the subsidy to the service provider-builder is (a) greater than the lowest rent that induces 

revelation and (b) less than the highest rent that still induces separation. This last result 

is summarized in the following lemma: 

Lemma 45 AO < s' < qLO. 

Proof. It is straightforward that qLO < s*. We need to show that 

V(g) - v(q) ? Oqe. 

Using the by now familiar method of proof: dividing by Oq, and letting Oq -º 0, we have 

v'(q) > 8, 

which is true for all 
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The proof that s* < qAO is slightly more involved. We need to show that 

P1 - Po [v(q) - v(q)] - 
Pl - PO LB - iA + Eo qAO < qAO 

Pi Pi 

or 

(pi - Po) [v(q) - v(9)] +Po1gB - pitgQ - P10gL O<0 

again, dividing by Oq and letting /q -º 0, we obtain 

v'(q) <e+ Pi De 
Pi -Po 

which, since 0< 
PI < 1, is true for all qE [B, 9] .  

The preceding discussion prompts our next result: 

Proposition 46 When the service provider owns the asset and builds the asset herself, 

investment can be induced up to an investment cost Of ipFI1 =P pp 
[v(q) 

- v(-q)] - 

2p {q6 -'qB] + p? gi9. 
P1 

Proof. Since we know that the service provider-builder will invest if, and only if, 

i<s, and we know that the principal is willing to increase s up to 14 [v(q) - v(q)] - 

21 L9 - qý + PIgAO, the proposition follows.   

Private Procurement of the Asset 

Instead of building the asset herself, the service provider may contract out the building of 

the asset to a builder. As before, the principal has no recourse to the courts (since she 

does not own the asset), and her instrument to induce investment is solely the choice of 

service provision contract, and the amount of rent left to the builder in this contract. Now, 

however, the service provider writes a damage contract (m, d) with the builder, and has 

recourse to the courts if the observed cost of service production is 6. The service provider's 

ability to obtain damages when observed cost is high alters the principal's mechanism design 
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problem. The principal now seeks to: 

maxp[v(q)-q9-s]+(1-p)[v('q)-q8-sý (5.6) 
e; s 

S. t. 

>40 -q+3+d (5.7) 

s+d>q9-qB+s (5.8) 

s (5.9) 

'§+d> 0 (5.10) 

Note again that this program is written before any flat fee payments m are made. 

We solve this program by simple change of variable. Define 9 -'s+d. The problem then 

reduces to that of program (5.1)-(5.5), with second-best subsidies that are characterized by 

9-s+d=0 and s= AO. Note that the principal's objective in this new program is to 

maxp[v(q)-q9-s] +(1-P) [v(9) -q9-s"+d] A, e 

The intuition for this result is simple: although the fact that the service provider can obtain 

damage payments from the builder makes incentive compatibility constraint (5.7) harder 

to satisfy, the high-cost provider type's individual rationality (or, participation) constraint 

(5.10) is now easier to satisfy. In essence, the principal can extract from the service provider 

the damage payment that the builder pays to the service provider. 

Of course, the builder's participation decision has to be ensured, by transferring the 

expected cost of asset building to her. The principal therefore needs to give both service 

provider types enough rent to be able to pay the builder. Note that the principal's choice of 
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this fixed transfer determines the damage payments chosen by the service provider. ' Given 

the revealing contract (5.6)-(5.10), if it induces investment, the builder requires a fixed fee 

payment of (pl - po)i + (1 - pi)d. If this contract induces investment, the principal's payoff 

will therefore be VR(pl, d) - (pl -po)i - (1- pi)d = VR(pi, 0) - (pi -po)i. The principal will 

wish to induce investment if this payoff is greater than the maximum payoff the principal 

can obtain through a contract that does not induce investment. It is this contract that is 

the relevant comparison for the principal's choice of investment. 

We now address the question of which contract is the relevant contract for comparison. 

We know that the principal always has to ensure, albeit indirectly through the service 

provider, participation of the builder. That is, the principal has to transfer to the service 

provider the fixed fee the builder requires to satisfy her participation decision. The service 

provider then pays the builder that fixed fee. This implies, in particular, that although 

the principal can recover (through appropriate service contract design) from the service 

provider any damage payments the builder makes to the service provider, the principal needs 

to transfer the same expected payment to the builder (via the service provider) to satisfy 

the builder's participation constraint. In any contract, therefore, any damage payments 

the principal could recover from the service provider are cancelled out by transfers to the 

builder (via the service provider) of the same magnitude. But we already know from lemma 

43 that, when the damage payments the principal receives are zero, the principal prefers a 

revealing contract to a non-revealing contract. Here, the relevant comparison is therefore 

the revealing contract that does not induce investment. 

The principal will therefore wish to induce investment as long as VR(pl, 0) - (pi - po)i > 

Vj(po, 0). That is, she wishes to induce investments of a cost up to v(q) - v(q) -q We 

summarize this in the following proposition: 

Proposition 47 When the service provider owns the asset and contracts out the building of 

the asset, investment can be induced up to an investment cost of iPF12 = v(q) - v(q) - OqB. 

Proof. The proposition follows from the argument in the text.   

sThe service provider cannot choose greater damage payments than stipulated by the principal's direct 
transfer since she needs to be able to ensure the builder's participation. Observability of the contract between 
service provider and builder makes this contractible by the principal. 
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5.4.3 Incentives to Invest 

We can now ask the question of which regime provides better incentives for investment in 

quality improvement. We know that, when the principal owns the asset, investment can be 

induced (by judicious choice of the expected damage payments) up to investment costs of 

zTRAD = v(4) - vý9) - 099" 

We also know that when the service provider sub-contracts the building of the asset, 

the principal wishes to make transfers to the service provider (to ensure the participation 

of the builder) up to the point where investments of cost iPF12 = v(q) - v(q) - Oq9 are 

undertaken. These two cases therefore yield the same levels of investment. Furthermore, it 

is straightforward to check that the principal's ex ante expected level of utility (taking into 

account that she will have to maintain the builder's participation constraint) is identical in 

both cases. 

When the service provider owns and builds the asset, the principal can induce in- 

vestment by writing the lowest-rent separating contract, for all investment costs below 

qAO. The principal also has an incentive to induce investment for higher investment costs, 

viz, by increasing subsidies (rent) to the service provider-builder; this induces investment 

for all investment costs such that (for the service provider-builder), the cost of invest- 

ing is outweighed by increased rent. That is, by increasing the subsidy to the service 

provider-builder, the principal wishes to induce investment up to an investment cost of 

ZPFI1 = 'p s [v(q) - v(-q)] - Le - -q-191 +P q09. For investment costs higher than 

this, the principal no longer wishes to induce investment and therefore writes the revealing 
(low-rent) contract. 

We find that asset ownership and provision by the service provider may result in greater 

investment than traditional service provision. The following proposition contains necessary 

conditions under which this will be the case. First, we make the following definition: 

Definition 48 A public service is essential when demand for the service is inelastic, that 

is if1171=-d- Q-' <1. 

The definition expresses the (standard) presumption that a service is essential when 
demand is relatively unresponsive to price changes. We can now formulate our central 
proposition: 
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Proposition 49 When the public service is essential, asset ownership and provision by 

the service provider leads to greater investment incentives than traditional public service 

provision. 

Proof. We wish to find conditions such that 

P1 - Po [v(q) - v(4)] - 
P1 - PO 

qB - q9 + 1? ogAO > v(q) -v (-q) 
P1 Pi 

Lý 
Pi 

ýq) -_ 

Rewriting, we obtain 

o v(q) - v(9) < Lqe+LAO (5.11) 

and dividing by Aq, we have 

v(4) - v(9) e+ Pý Ao 
(5.12) L9 Po q O 

Recall that v(q) = f0 q-'(t)dt. Since d<0, and q-1(q) = B, we have 

v(q) - v(4) = 
J1q4(t)dt 

> 
Jdt 

=-= 

and 

v(4) - v(9) =f q-'(t)dt < 
1ý12 

9dt = 40 - q9 = Oq9. 
q 

We therefore need pq 
ö4 sufficiently large. Denote 6. "(4- 4) 

, with 0<6<9,10 so that 

(5.12) rewrites as 

e<e+plg-LO - po Oq 

'°Note that, since v(q) = fo q-'(t)dt, the fraction °(q)- 9 (l can be thought of as the average value of 
inverse demand over the interval (q, j]. 
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or 

o PigAo 
e po 5 q' 

The expression o ö9 is approximated well by 1, where 77 is the elasticity of demand for the 

service. Since 
0<1, and pl > po, this inequality is satisfied if 177I < 1. This proves the 

proposition.   

The following two examples illustrate this proposition. 

Example 50 This example illustrates for a linear demand curve our result that production 

on the inelastic part of the demand curve always guarantees greater investment under private 

asset ownership. Let demand for the service output be linear, q -1(q) =a- bq. Of course 

1-a, and demand is elastic for all qE [0; 2b], and inelastic for all qE [26; 6]. Also, 
) q. we have v(q) =fo (a - bt)dt = aq - 2q2. Substituting into (5.11) we obtain q< 

(1 + 221 

Suppose we are on the inelastic part of the demand curve, that is a>q> 2b. Choose 

q>q such that it is most difficult to satisfy (5.11), viz. q= band 2b. In this case, 

(5.11) states that < 
(1 + 2p) 2b. By pl > po this is always true. 

Example 51 This example is a counter-example: for a linear demand curve, when pro- 

duction takes place on the elastic part of the demand curve, private asset ownership may 

be investment-dominated by public asset ownership. Again, let q-'(q) =a- bq. Suppose 

production occurs on the elastic part of the demand curve, so that qE [0; 2b]. It is simple to 

construct an example in which q< 
(1 + 22 ) 'q does not hold: let E, for e small. Since 

we stipulated q>q, (5.11) does not hold in this case. 

5.4.4 Choosing the Institutional Framework 

The final question we need to answer is: when will the principal procure (and own) the asset, 

and when will she delegate ownership to a private investor (service provider)? Suppose that 

the assumptions of proposition 49 hold, so that private ownership induces higher levels of 

investment. 

We know from propositions 44 and 47 that the principal is indifferent between tradi- 

tional public service provision and private sector involvement when the service provider 

131 



contracts out the building of the asset. We therefore focus on the choice between private 

sector involvement when the service provider builds the asset herself, and when the asset is 

procured by the principal (or procurement is contracted out by the service provider). 

Consider first investments that can be induced both under traditional public service 

provision, and under PFI. For investments that can be induced both when the principal 

owns the asset and when the service provider owns the asset (that is, for all investment costs 

i< v(q) - v(q) - Aqe, state ownership (when investment is induced) gives the principal an 

ex ante expected payoff of VR(pl, 0) - (pl - po)i. Asset ownership by the service provider 

gives the principal a payoff of VR(pl, 0, s*) = pl [v(q) - q9 - s*]+ (1-pi) {v(q) - q9] , where 

investment can be induced up to i= s*, so that the principal's payoff when investment i 

is induced is VR(pi, 0, i). A revealing contract that does not induce investment gives the 

principal an expected payoff of VR(po, 0). A non-revealing contract gives the principal a 

payoff of V11(0). From lemma 43 we know that VR(po, 0) > VH(0), so that the non-revealing 

contract will never be chosen. But we also know that VR(pl, 0, i) > VR(po, 0) for the range 

of i we are currently considering (i. e. i< v(q) - v(q) - Aq9), so that asset ownership 

by the service provider (with subsidy payments sufficiently high to induce investment) is 

always preferred to any revealing contract that induces no investment. " So the choice of 

institutional framework for the ownership of assets necessary for public service production is 

just a choice between principal ownership (when it induces investment) and service-provider 

ownership (when it induces investment), when the required investment cost admits both 

structures as structures that could induce investment. 

The principal should of course choose the structure that maximizes her ex ante expected 

payoff; that is, she should choose ownership by the principal when12 

VR(pl, 0) - (Pl - po)i > VR(pl, 0, max{i, qz9}). 

Of course, when proposition 49 holds, i< v(q) - v(q) - OqQ implies, s' =i< 'a [v(q) - v(-q)] - 
a[Q- qÖý + q0©, which implies that VR(pl, 0, s') > VR(po, 0). 

Ih Recall that the subsidy to the low-cost service provider needs to be at least qAO for revelation of cost 
conditions. 
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This of course is just 

i< Pi 
max{i, q09} - 

Pl q09. 
Pi-Po Pi-Po 

For all i< AO, the principal therefore prefers ownership by the service-provider. For all 

i> AO, the principal prefers to own the asset herself if i>P qAO, and prefers ownership 

by the service provider if i<P qAO. The intuition for this result is simple: for very low 

values of the investment cost (up to 21'AO), the principal prefers to induce the investment 

just through the rent payment to the service provider (which needs to be paid to the service 

provider anyhow in order to induce revelation). For i>p q09, the principal prefers to 

own the asset herself: investment in asset quality is, to the principal, less costly: when the 

asset is privately owned, she can induce investment only by paying the service provider the 

investment cost as part of the subsidy when (observed) cost is low, that is, both in states 

1 and 2. When the principal owns the asset, she only needs to reimburse the builder with 

the expected investment cost (that is, only when state 2 occurs). 

For investments that can only be induced through private asset ownership, i. e. for all i 

such that 

v(s) - v(9) - OqQ <i< 
Pi -PO [v(q) 

- v(-q)] - 
Pi - Po L�Q 

- q9ý + po qAO, 
Pi l Pi 

we know, by construction of s* = 21p [v(q) 
- v('q)] -ý Lq9 - q9ý + M1 AO that the 

principal prefers the revealing contract that induces investments of this size to the revealing 

contract that does not induce investment. Any revealing contract that does not induce 

investment gives the principal the same ex ante expected payoff-whether the principal or 

the service provider owns the asset. Again, by lemma 43 we know that these revealing 

contracts are preferred to a non-revealing contract. It is therefore straightforward that for 

investment costs that can only be induced through private asset ownership, PFI as a method 
for public service provision will be chosen. 

We summarize the preceding discussion in the following proposition: 

Proposition 52 For all i such that i<p q09 and i< v(q) - v(q) - OqO, private (service 

provider) ownership of the asset is optimal for the principal. For all i such that i>p qAO 
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and i< v(q) - v(q) - Oq9, public (principal) ownership is optimal for the principal. For all 

i> v(q) -v(q) -Oq2 but i< 11-11 [v(q) - v(-q)] - 21-11 L9 - 7ý +22gpB, private (service 
Pi Pi 

provider) ownership of the asset is optimal for the principal. 

Proof. The proposition follows from the preceding discussion.   

The proposition states that, as is intuitive, for small required investments, and for invest- 

ments that improve asset quality dramatically (U is large), private ownership is optimal. 

This is straightforward: for small investment costs (or very effective investments), govern- 

ment would rather provide investment incentives through the cheaper way of the rent paid 

to the service provider. This is less costly for the principal since the service provider needs 

to obtain rent anyway in order to reveal type to the principal. For small investment costs, 

this (standard) rent is sufficient for the service provider to want to invest in quality. If the 

principal were to procure the asset directly, she would need to pay the builder separately 

for the expected investment cost. For intermediate levels of cost (up to the point at which 

public ownership of the asset can no longer induce investment), public ownership is optimal. 

These levels of investment costs are those for which it is cheaper for government to provide 
investment incentives directly: government needs to reimburse the builder's expected cost 

(i. e. cost which arises in state 2 only), whereas the subsidy to the service provider is paid 

in all states where cost is high (i. e. state 1 and 2). Finally, when investment can no longer 

be induced through public ownership, the principal again prefers, by construction, private 

ownership. 

5.5 Conclusion 

We have shown that under relatively palatable assumptions about public service provision 
(services that are provided are in some sense essential), private asset ownership leads to 

greater incentives for investment in asset quality. However, it is important to note that 

this crucially depends on the nature of demand (and the support of the distribution of 0, 

and with it, the size of q and q): when demand for the service output is elastic, this result 

cannot in general be guaranteed. The reason for this greater investment incentive is the 
internalization of an externality: the principal (the state) can commit, through transmitting 

ownership and the building of an asset to a private service provider, to not deviating in its 
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contract setting in such a way as to always extract damages from the builder. 

Presumably, the institutional framework (that is, should assets be owned publicly or 

privately) is a choice variable for the principal. We therefore studied the principal's choice 

between different ownership structures. We obtained the intuitively appealing conclusion 

that the principal prefers private ownership of assets for either small or large levels of 

investment required to reduce service provision costs. This gives a fuller answer to the 

question: "What should the state buy? " In our view, what the state should buy, under the 

conditions just highlighted, are services, not assets. 
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Chapter 6 

Retailer Sales Commission and the 

Quality of Advice 

In this chapter, we study the impact of transfer payments paid to a common retailer on the 

quality of advice customers obtain from the retailer. In particular, we are interested in the 

question of whether such side transfers (for instance, sales commissions to retailers) may 

lead a retailer to change her sales advice. The question naturally arises from a consideration 

of the common agency nature of the problem: in the case of common sales agency, a single 

retailer sells similar products of different producers. But unlike the general theory reviewed 

in chapters 3 and 4, this chapter focuses not on the informational asymmetry between 

retailer (agent) and manufacturers (principals), but between customer and retailer: the 

retailer knows more about the products she sells than her customer. We present our model 

within the framework of retail sales of life assurance and similar savings products. 

Focusing on the informational asymmetry between customer and retailer allows us to 

study the question of whether the possibility of different manufacturers offering different 

sales commissions influences the quality of the advice the retailer provides for her customers. 

In our framework, products are vertically differentiated according to their quality: everyone 

prefers higher to lower quality. Generally, one might also want to address the question of 

how common sales agency (and incentive payments to retailers) influences sales behavior in a 

model of horizontal product differentiation. In that framework, the question of asymmetric 

information between retailer and producer arises naturally: the retailer will generally have 

136 



more information about the tastes of her customers over the horizontal product space, and 

producers may want to make use of that information for purposes of product development 

or targeting to particular consumers. In that case, an analysis similar to that of Mezzetti 

(1997) would apply. ' Since we analyze a vertically differentiated product space, our interest 

is naturally in the asymmetry between customer and retailer, and the consequences for 

the quality of advice: the retailer should always recommend the highest quality product 

available. 

The point this chapter makes is that, since sales commissions to retailers are observable 

(by law in the case of sales agency for life assurance savings products, or by inference from 

the retailer's observable sales effort), they act as potential signals of product quality. We 

demonstrate the existence of a separating equilibrium in which sales commissions are a 

perfect guide to product quality. In this equilibrium, sales commissions therefore convey 

information about unobservable quality: in equilibrium, customers will obtain the highest 

quality product. 

6.1 Introduction 

One of the cornerstones of modern economics is the competitive paradigm of price theory, 

in which a countable set of homogeneous goods, uniquely characterized by a vector of 

nonnegative prices, are traded amongst symmetrically informed, rational agents operating in 

a complete set of competitive markets. It can be shown that under fairly general conditions 

the allocation that results from such trading has desirable welfare properties. Furthermore, 

the only information that agents need to possess in this framework is information about 

prices. In particular, the model implies that there is no role for intermediaries in trade (for 

instance, retailers). 

However, when information is distributed asymmetrically among agents, many of the 

appealing properties of markets disappear. Worse yet, we have no good understanding 

of a product space in which goods are differentiated. Under these circumstances, trade 

in general will also depend on non-price characteristics of goods. In fact, in markets in 

which consumers possess no, or only imperfect, information about product characteristics, 

'That paper is reviewed in chapter 4. 
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goods are often sold through intermediaries that apparently narrow the informational gap 

between the trading agents. In this case, we should expect informed sellers to compete in 

side payments (for instance, sales commissions) to intermediaries, rather than to compete 

purely in prices. 

One way of understanding the economic role played by side payments such as sales 

commissions is as a way of conveying information about imperfectly known characteristics 

of goods. A simple intuition is the following: Suppose goods are differentiated along a 

quality dimension, and that quality is unobservable by consumers at the time of purchase. 

In this case, one might conceptualize commission payments from a perfectly informed seller 

to the retailer as a potential signal (in the sense of Spence (1974)) of product quality. This 

is the approach this paper explores. 

One market in which intermediation is common is the market for financial services. 

Indeed, in the UK, commission payments to retailers of financial services have recently 

received much attention both in the press and from regulatory agencies. We therefore take 

this market as our motivating example. 

A different way of viewing side payments is to focus on the informational asymmetry 
between sellers and retailer: the retailer has information about customers (or more gen- 

erally, about market conditions) that sellers do not possess. Side payments (such as sales 

commissions) may be a way of eliciting that information. If a retailer acts on behalf of more 

than one seller, we have a typical common agency situation with asymmetric information 

(cf. Martimort (1992), Stole (1992)). As mentioned in the introduction to this chapter, 

such an approach applies to a horizontally differentiated product space. Here, we study 

the case of vertically differentiated products, where the limited information of producers 

about their customers does not naturally force the modelling as one of common agency with 

asymmetrically informed principals. 

The remainder of this section introduces the general intuition and motivates our model 

by briefly describing the market for life assurance savings products in the UK. Section 6.2 

introduces a general way of thinking about sales commission as signals of quality. Section 

6.3 analyses three special cases of the general model. The final section 6.4 concludes with 

remarks on welfare implications. 
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6.1.1 Sales Commission and the Quality of Advice 

Most financial services (for instance, life assurance savings products) in the UK are retailed 

through independent financial advisers (IFAs) who offer their customers advice on a portfolio 

of such policies. Usually, financial advisers receive commission payments from insurers, and 

such commission payments differ widely across apparently similar products. Despite the 

mandatory disclosure of commission payments to customers, these side payments have often 

been viewed as biasing the retailer's advice, and to lead consumers to buy inappropriate 

products. 

In this paper, we interpret commission payments as a possible signal of unobserved 

product quality. The idea is that if high-quality products always earn higher commission 

payments than products of inferior quality, a retailer purely interested in maximizing com- 

mission revenue will always sell the appropriate policy. 

In this sense, commission payments are akin to uninformative, but observable, adver- 
tising expenditure. The link between advertising for experience goods and product quality 

has been studied before (e. g. Nelson (1970), Nelson (1974), Kihlstrom and Riordan (1984), 

Milgrom and Roberts (1986)). 2 We know from this literature that quality signalling for 

experience goods cannot arise in a one-period model; subsequent periods, in which buyers 

acquire information about product quality are needed to achieve a separating equilibrium. 

A very rough intuition, of course, is that in order to achieve a separating equilibrium, the 

marginal return to advertising of a high-quality producer has to be greater than that of a 
low-quality producer. Unsurprisingly, the crucial condition turns out to be an "informa- 

tiveness" condition: a separating equilibrium (one in which commission payments signal 

product quality) can exist only if observable characteristics of the product are somehow 
informative (in a sense to be made precise below) of product quality. 

6.1.2 Commission Disclosure 

The main conclusion of the paper is that, if a separating equilibrium exists, commission 
is an accurate guide to product quality. In this sense, the paper contributes to the policy 

2Nelson (1970) distinguishes between experience goods (for which quality is not directly observable on 
inspection) and search goods (for which quality is verifiable on inspection). Clearly, directly informative 
advertising can only arise in equilibrium for search goods; statements about the quality of an experience 
good (since unverifiable on inspection) will rationally be ignored by consumers. 
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discussion on commission disclosure. In the UK, mandatory commission disclosure for life 

assurance savings products was introduced in 1995, and as a result, data on commission 

payments for these products is now readily available. We therefore choose to motivate many 

of the points made in the paper by referring to the retail market for life assurance savings 

products. The following subsection (6.1.3) briefly describes this market. 

6.1.3 The Market for Financial Services in the UK 

IFAs and Commission Dispersion 

Since the 1986 Financial Services Act, independent financial advisers (IFAs) have become 

an important sales channel for financial products. A large, and growing, proportion of 

insurance savings products are now retailed through IFAs. Figures 6.1 and 6.2 show the 

share of new premiums sold through the various sales channels for the period 1993-1997. 

All figures are in the appendix to this chapter. 

Around two thirds of IFAs operate purely on commission terms. Figures 6.3 and 6.4 

are examples of the dispersion of commission payments; they present the total commission 

payment made to IFAs over the first 5 years of two different policies. 3 What these figures 

illustrate is the extent to which commission payments differ across insurers-prima facie 

evidence of the incentive to give biased advice. 

Regulation 

Savings products in the UK are currently regulated by the Personal Investment Authority 

(PIA). PIA introduced full commission disclosure rules on January 1,1995. Disclosure rules 
for non-life products (unit trusts, investment trust savings schemes, etc. ) were implemented 

on May 1,1997. Despite full disclosure, however, commission payments continue to be 

perceived as biasing advice and leading to the mis-selling of financial products. 
In this connection, our paper makes two points: First, if a separating equilibrium exists 

(in which commission payments signal product quality accurately), mandatory commission 
disclosure amounts to publishing product quality. Secondly, in this case, financial advis- 

ers (modelled here, admittedly simplistically, as maximizing only commission income) fulfil 

'Figures are based on a gross premium of £60 per month. 
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only the role of allowing insurers to signal through commission payments. Clearly, this 

implies that if insurers could find alternative ways of publicly throwing away money (for 

instance, running expensive advertising campaigns), there is no need for financial advisers. 

This, clearly, is the less robust conclusion of the paper, and should therefore not be overem- 

phasized. In fact, financial advisers may serve different economic functions, which we do 

not address here. 4 

Persistency and Early Surrender 

A final fact about the market for life assurance savings products that we might want to 

explain is that of higher persistency for products sold through IFAs. The persistency rate 

is the percentage of initial buyers of a policy that have not surrendered the policy before 

the end of its regular lifetime. Generally, early surrender (that is, low persistency) is more 

common for products sold through tied advisers than for those sold through IFAs. Figures 

6.5 and 6.6 show persistency rates for policies sold through IFAs and tied advisers (company 

representatives and appointed representatives), respectively. This fact, of itself, should raise 

doubts about whether commission payments indeed are distorting the quality of sales advice, 

at least relative to the advice given by tied advisers. 

6.2 The General Model 

In our model, there are three time periods t=0,1,2. We model the financial asset as 

a stochastic process with random per-period returns Xt, and denote realizations of each 

random variable by xt. 5 In a very general formulation of the problem, agents observe some 

yt = yt(xt). Write Yt for yt(Xt). There is a seller of the financial asset and a buyer. Let the 

buyer's outside investment opportunities r (rates of return) be distributed according to the 

distribution function G("). If the buyer purchases the financial asset at time t, her period t 

payoff is it, - 1. Payoffs are discounted at rate 6,0 <6<1. The seller can signal (pay a 

commission) so per unit sold in period t=0. Denote the period t demand for the asset by 

4For instance, they may acquire information about customers when products are horizontally differenti- 
ated. We discuss this in some more detail below. 

'Generally, we use capitals to denote random variables, and lower-case letters for their realizations. 
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qt, and its price by p. 6 The seller's expected profit therefore is (p - so)qo + SpE[gi I Yo = yo] 

The retailer's objective function is common knowledge, so that for some specification of 

her objective (for instance, she maximizes commission income) or her behavior (say, she 

apportions the time spent explaining each policy according to the commission payments 

she receives on each), consumers can induce the amount of commission payments. We can 

therefore ignore the role of the retailer in the following modelling. 

The timing of the model is as follows: 

" at t=0, xo realizes; the seller observes yo and signals so(yo); the buyer infers product 

quality -r-1 (so), where 7- :T -º " (T is the set of possible values of yo and , 27 is the set 

of all possible values of xo) and decides whether to buy the asset; if the buyer does 

not buy the asset, the game ends with zero payoffs for both players; 

" at t=1, xi realizes; the buyer observes yi and decides whether to repeat purchase 

of the asset; if she decides not to repeat purchase, the game ends and payoffs are 

realized; since we wish to model repeat purchase behavior, at t=1, the asset can only 

be purchased by period t=0 buyers; 

9 at t=2, x2 realizes; the game ends, and payoffs are realized. 

6.2.1 The Buyer's Problem 

At time t=0, the buyer purchases the asset if, and only if, the expected rate of return from 

holding the asset (taking into account that only buying the asset now gives the option of 

repeating purchase at t= 1) is greater than the buyer's outside rate of return. Specifically, 

the buyer purchases the asset at t=0 if 

(1 + 5)r 

Xi EX11 yo P 
1+6 max 

I Ex2IYi, Yo [X2IY1 
P; 
So(Yo) = so(0o)1 < 

f- 
--1, r} ISOM) = so(90)1 

6Note that in this model, price is not a choice variable. This is justified by the fact that, for life assurance 
savings products, the termly premium is typically chosen by the buyer. If sellers could choose prices as well 
as commission payments, one might expect signalling to occur through prices as well as sales commissions. 
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That is, demand at t=0 is 

4o = Pr (1 + S)r < Ex11y0 
[ 
pl -1 + (6.1) 

+S max { X21ylvyO '1 [X2IY1; 

P 
so(Yo) = so(yo)J 

_ 1, rt Iso(Yo) = so(yo) J IYo = yo 
I. I 

Given that the buyer has purchased at t=0, she repeats purchase at t=1 if, and only 

if, 

Ex21y1, y0 [X2IY1 = yi, so(YO) = SO(90)1 

p 

so that period 1 demand is 

Exzlyi, Yo [X2IY1 = yi, so (Yo) = so (Po)] ll 
qi =min qo, Pr 

ýr 
<-1 IYo = yo }}" (6.2) 1p 

JJJJ 

6.2.2 The Seller's Profit 

The seller's expected profit, after observing yo, is consequently 

(p - so (go)) qo + bpEY1Iyo [4iIYo = yol , 

where, of course, the conditional expectation in ql is conditional on Yl = yll y1=Y,, i. e. 

evaluated at the random variable Y1. 

6.2.3 Three Models 

To demonstrate the generality of the notation, consider the following three models: 

Model 1 

Let each Xt be distributed according to the same one-parameter distribution with parameter 

6E4, so that Xt = X. Let this parameter be observable to sellers at period 0 and buyers 

at period 1, so that yt = yt(") =0 (and denote yt = 9). Interpret 0 as the quality of the 

asset (initially only observable to sellers). This is the simplest model of vertical product 

differentiation: the asset has a certain (fixed) quality, and realizations of the asset are drawn 
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according to a distribution function with parameter 0. 

Model 2 

Let agents observe the realization of the Xt, so that yt = yt(xt) = xt (and denote yt = xt)" 

Furthermore, let the Xt be independently distributed. In this model, there is no fixed quality 

of the asset. Higher realizations are better than lower realizations, but each per-period rate 

of return on the asset is independently drawn. 

Model 3 

As in model 2, let agents observe the realization of the Xt, so that yt = yt(xt) = xt (and 

denote Pt = xt)" However, let the Xt follow a stochastic process {Xt} that is Markovian. In 

this model, asset quality evolves over time: this period's payoff is the mean to next period's 

payoff. If an asset starts off with a high return (xo), then its quality (that is, its likely 

future returns) is high. Conversely, a low-quality asset is one with a low realization xo. 

6.3 Analysis of Models 1-3 

In order to establish the existence of a separating equilibrium, it is sufficient to check 

whether the seller's expected profit obeys a Spence-Mirrlees single-crossing condition. The 

nonlinearity of the general model however precludes a simple solution. We therefore focus 

on the case where yo is drawn from a set T with #T = 2. In this case, we need to show 

that there exists an equilibrium in which no seller can gain from "lying" about her private 

information. (This of course, is the two-type equivalent of checking for single-crossing. ) 

6.3.1 Model 1 

In this model, each Xt =X is distributed according to the same one-parameter distribution 

with parameter 0. This parameter is observable to sellers at period 0 and buyers at period 

1, so that ye = yt(-) = 0. The model is thus one in which a financial product of a certain 

quality 0 is sold, where 0EO. Refer to the seller of this product as "firm 0". Before 0 

is observed, refer to it as the random variable 9. Firm 0 produces an asset with random 

per-period return X, distributed according to the cumulative distribution function F(xIO) 

144 



with conditional density f (xI6) >0 on [x, x]. In period 0,9 is the firm's private information. 

Once first-period buyers have experienced the product, they know its quality perfectly; in 

period 1, therefore, 0 is known to all players (in fact, it is sufficient to assume that it is 

known to all first-period buyers). 

In this case (6.1) reduces to 

x e] 
qo = Pr (1+S)r<EX1e p -1+6max 

EXie [XI =p 
-1, r 

I9=B 
. 

Note that this further reduces to7 

40= Pr r< 
E[X I9 B] 

-1 p 

Furthermore, (6.2) can be rewritten 

Q1=min go, Pr r< -115=e . P 

For concreteness, denote the asset's expected return conditional on 0 by E[X I9] = 
f. ' xdF(xl0). $ We make the assumption that, for any 0' > 0, F(xlO') stochastically dom- 

inates F(xl0). ° For generality, let firm 0's unit production cost be co, and let the asset's 

price be exogenously fixed at p. 1° Further, assume that co <p for all 0. (If, to the contrary, 

for some firm co > p, that firm would never make positive profits, and would therefore never 

enter the market. ) Each firm 0 can pay the retailer a commission so (which, in general, 

will be a function so :0 -º S, where S= {sjs E R, s> 0}). Customers draw an inference 

b= r-1 (so) about firm type, where T: O -º S. Note that in a separating equilibrium, 

ý For assume that r> 
EXIAIX 1g_6] 

P-1. 
Then we have qo = Pr {(1 

+ d)r < EXI-9 [p-1+ br I9 
= BJ }, or 

qo = Pr {r < EXIg [P-1 I©= 9, } which is zero, and the case is not of analytical interest. 
slf customers are risk averse, with utility function u("), u' > 0, u" < 0, then the interest is in the expected 

utility; because of the assumption of stochastic dominance, which we will make shortly, this has no effect 
on our model. However, stochastic dominance may be felt to be too strong an assumption, so that an 
investigation of risk-aversion may hold independent interest. 

'Recall that the definition of first-order stochastic dominance is that, for any increasing function h, 
f h(x)dF(xlO') >f h(x)dF(xlO). 
Z, a '°Note that in models 2 and 3 we do not introduce a cost-parameter since it is no longer clear how cost 

varies with "quality". 
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T(") = so("). (Here, we are intentionally more explicit about buyer inferences than in the 

general model. ) 

Let G("), the distribution of buyer outside investment opportunities, be uniform on [0,1]. 

Suppose that, in each period, any one customer has use for at most one policy. Accordingly, 

if 0 were known, customers r<Ee-1 would want to buy the asset. By assumption, 

however, the asset can only be bought in period 1 (i. e. the policy is renewed) if it was 

bought in period 0. 

Analysis of Model 1 

It turns out to be convenient to rewrite demand for the asset slightly. In period 0, a customer 

will buy a policy she is offered if its expected return (which depends on her belief about 

the policy's quality) is greater than her outside investment opportunity. (Note that, in this 

model, buyers are willing to buy in period 0 only if they are (ex ante) also willing to buy 

in period 1. ) With a uniform distribution of outside investment opportunities, therefore, 

period 0 demand for a product of (unknown) quality 0, when customers draw inference 

b= 7-1(so) about type, is therefore 

E[X IT-l(so)1 
So(so) = max 

ýO, 
-11. 

Since only period-one buyers can renew their policies in period 2, the period 2 demand is 

{max r 
41(so, 0) = min 10, 

EX 1p7--l so)] 
-1 , max 

ý0, E[ X IO] 
-1 

Profits of a 0-firm that signals so are: 

(p - CO - so)qo(so) + 6(p - co)Qi(9o, O). 

We have: 

7r (so, 9o, 0) = (p - co - so) max { 0, 
E[X IT-1(so)] 

-1 + 
lp 

146 



(( 
+S(p - co) min { max { 0, 

E[X IT 1(so)] 
-1 

I, 
max 

10, E [X IO] 
-11 

1 

llpp Jj JJ 

The two-quality case 

To simplify the analysis, let 6- {L, H}, L<H. We immediately have the following: 

Proposition 53 There exists a separating equilibrium sö, if and only if p< E[XIHI and 

1+b)CH <CL+5p. (6.3) 

Proof. First, observe that if p> E[X I H), demand is zero for both firms. Therefore, 

p<E[XIHJ. 
Observe first that, in a separating equilibrium, the low-quality firm's best choice of com- 

mission is 0. Therefore, in a separating equilibrium, we want 7r (s0*, go(sö); H) > 7r (0, qo(0); H) 

and 7r(0,4i (0); L) > 7r(sö, 9(sö); L), or: 

max { 0, 
E[XIHI 

- 1} (p - cg - so) + 
IPJ 

+S min max 
I 

0, 
E[X I HI 

-1I max {0 
E[X I H] 

(p - CH) 

> max 0, 
Eý p Lý 

-1 } (p - cH) + 
JJ 

+6 min { max { 0, 
E[X I LI 

_1 max 0 (p - cH) 
ll ll p 1J1 

Iýp} 

and 

max10, 
E[XILI 

- 1} (p-cL)+ 

-1 ( p-cL) +b minýmaxý0, 
E[XILI 

-1}max{O, 
' 
P 

}} 

> max10, 
E[XIHI 

-1 } (P-cL-so)+ 
p ))J 

+S min { max 
I 

max 
I 

0, 
E[XILI 

111 (p - cL). 
l ll Pp 
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Assuming that p< E[XIL], these conditions reduce to: 

sö<(1+S) 
(E[XIH]-E[XIL] 

(p - CH) (6.4) 
E[X IH] -p 

) 

and 

ö- E[XIH] -E[XILj (P-CL). (6.5) s>( E[XIH] -P 

In this case, therefore, a separating equilibrium exists if and only if 

(1 + S) 
(E[X I HI - EEX I L11 (p - CH) > 

(E[X I HI - E[X I L] 1 
E[XIH] -p)- E[XH] -p 

)(P-cL) 

or 

CII : 5- p+ 
1 

1+S(CL-p) 

or 

(1+6)CH <CL+Sp. (6.6) 

Assuming that E[XILI <p< E[X I H], the conditions reduce to: 

so < (1 + 6)(p - CH) (6.7) 

and 

S>p- CL. (6.8) 

In this case, a separating equilibrium exists if and only if 

(1 + b)CH < CL + Sp (6.9) 

which is just the same condition as (6.6) above.   
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Note that conditions (6.6) and (6.9) can be rewritten, somewhat more intuitively, as 

(1+ 5)p-(1+8)CH >p- CL 

which is just the aforementioned inequality between the marginal return to signalling for 

high and low quality producers: at the margin, a high quality producer sells an additional 

unit in both periods (and bears the production cost in both periods); similarly, at the 

margin, a low quality producer only manages to sell an additional unit in the first period 

(bearing the production cost in that period), and sells nothing in the second period. For a 

separating equilibrium to exist, the former has to be greater than the latter. 

In fact, we can establish whether the H-firm would want to advertise (that is, pay 

commission to its sales agents) to distinguish itself. This gives us: 

Corollary 54 If, in addition to condition (6.3), we have the more stringent condition 

(1+S)CH <CL+6p+(CL - p), 

the H -firm prefers to advertise to distinguish itself from the L-firm. 

Proof. Assume that, without advertising, customers' expectations about the policy's 

performance are 0.5E[X I L] + 0.5E[XIH]. In the resulting pooling equilibrium, a0 firm's 

profit is 

7r(0, qp(0), 0) = max 
{0,0.5E[XIL] ± 0.5E[XIH] 

il (P - co+ 

+5 min 
{max [0,0.5E[XIL] + 0.5E[XIH] 

-1 , max 
ý0, E[XIHI 

-1 (p - co) (6.10) 
p 

An II-firm signalling at level so in a separating equilibrium makes profits 

7r(sö, 9(s ö); H) _ (1 + b) 
(E[pIH1 

- 11 (P - CH) - 
E[XI HI 

-1 sö. (6.11) 

Note first from (6.10) that if p>0.5E[X IL] + 0.5E[XIH], demand will be zero. In this 

case it is immediate from (6.11) that an H firm will prefer to advertise if the advertising 
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expenditure required to distinguish itself is 

so* < (1+6)(p-CH), 

which is just the same as condition (6.7), and weaker than (6.4). Therefore, assume in what 

follows that p<0.5E[X I L] + 0.5E[X I H]. 

In a (no-advertising) pooling equilibrium, in which customers' prior on qualities is PL = 

pH = 0.5, an H-firm's profit is 

ir (0, q'(0); H) = (1 + 6) 
(E[XIHI + E[XIL] 

-1I (P - CH). (6.12) 

For the H-firm to prefer to advertise, we need (6.11) > (6.12), so 

SO* <- 
2(i+ö)(P-cx)E[E[XIH] - 

pILI 
(6.13) 

Suppose first that p< E[XIL]. For (6.13) to be possible in a separating equilibrium, we 

need (from condition (6.5)) 

1(1+a)(p-cx)E[XIH]+E[XILI 
> 

E[XIH]-E[XILI 
(P - cL) 2 E[XIH)-p - E[XIH]-p 

or 

CH <21 P-}-1 
+S 

(Ct - P) 

or 

(1 + 6) CH < cL + Sp + (cL - p), (6.14) 

which is stronger than condition (6.3). 

Now suppose p> E[XIL]. For (6.13) to be possible in a separating equilibrium, we need 
(from condition (6.8)) 

0.5(1+b)(p-CH)E[XIH]+E[XýLI 
E[XIH]-p _p-CL. 
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or 

CH : 5P_ 
2(p-cL) 

+ S) EXH EIX L 
EXH-p 

However, we know (from p> E[XILI) that 

E[XIHI +E[XIL] E[XIH] +E[XIL] 
E[XIH] -p> E[XIH] - E[XIL]' 

so that we have as a necessary condition for (6.13) 

crr Sp+2E 
[X I H] -E [X I L] 1 (CL 

E[X IH) + E[X IL] (1 + S) 

which is stronger than condition (6.3) if Exx -E XL>0.5, but always weaker than (6.14). öEXH +E [X l 

  

Of course, the L-type firm would never prefer signalling to not signalling. 

6.3.2 Model 2 

In this model, agents observe the realization of the Xt, so that yt = yt(xt) = Xt (and denote 

Pt = xt). Furthermore, let the Xt be independently distributed. The model is therefore one 

in which the seller observes how well the asset has performed, and then signals regarding 

that information. 

Note that if the Xti are independent, period-0 demand is 

qo=Pr{(1+S)r<EI 
l 

-1+Smax 
EW21 

-1, r 
l 

pýp 

Furthermore, if the Xt are independent, we have 

9i = min { qo, Pr jr<E 
[X2) 

-1. llp 

ýý 

Finally note that, if the Xt are independent, the seller's profit does not depend on xo. We 

therefore have the following: 

Proposition 55 If per-period returns are independent, signalling cannot occur. 
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Proof. The proposition follows from the derivation above.   

The proposition is intuitive: if the buyer of an asset never learns whether the seller has 

lied to her about the asset's quality, there can be no separating equilibrium (there is no 

difference in marginal returns to signalling for sellers who observe different performance of 

the asset). 

6.3.3 Model 3 

We have just shown that if asset returns are independent, no signalling can occur. Signalling 

"works" in model 1 because per-period returns are identically distributed, and the shape 

of the distribution function is learned after the initial purchase. Model 1, however, is 

unsatisfactory for different reasons: it seems more natural to think of asset returns as 

following, for instance, a random walk. Model 3 therefore makes a "Markovian" assumption 

about {Xt}. As in model 2, agents observe the realization of the Xt, so that yt = yt(xt) = 

xt (and denote Pt = xt). However, let the Xt follow a stochastic process {Xt} that is 

Markovian, i. e. we have E[Xt IXt-1, Xt-2, 
... 

] = E[Xt I Xt_1] 
. 

When {Xt} is Markovian, (6.1) reduces to: 

4o = Pr (1 + b)r < Ex, Ix,, ýl -1+6 max 
EX2IXI [X2Xi] 

_ 1, r Iso(Xo) = so (lo) {II 
and (6.2) turns into 

9i = min 
{qo, 

Pr{r 
EX21XI [X21X11 

. -1IXo=xoý1 

In this case, qo depends only on xo; Ex, lxo[qll Xo = xo], however, does depend on xo. There 

is, therefore, scope for the existence of a separating equilibrium. 

Analysis of Model 3 

In fact, let us restrict further the nature of the stochastic process and assume that {Xt} is a 

martingale. Note, for later use, that we have the following basic property from martingale 
theory: E[X l Xo, ..., Xk] = Xk, for k<n. Adopt similar simplifications as in model 1 (but 

note that now "quality" refers to observed performance in period 0, i. e. xo E [jo, To]). Use 

the notation introduced for model 1, but let T: [xo, xo] -+ S. Then, in period 1, a buyer 
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with outside investment opportunity r will buy (provided she has bought in period 0) if 

E[X2IX1=xl''r l(s0)1 
-1=x1 -1>_r. pp 

In period 0, this buyer will buy if: either 

E[X1 ft ' (so)] 
> 1' (6.15) 

pi- 

or 

CE[Xi1r-'(so)] -1 +S 
E [E[X2IX11 I T-1 (so)] 

-1> (1 + 6)r 
p1p J 

which, using the martingale property, can be rewritten as 

E[Xi t '(so)] 
_1I +S 

(E{)Cul; '(so)I 
-1 I> (1 +S)r, C 

or 

(r1(so) 
-1>r, 

which is just the same as (6.15). 

Writing down demands, we have 

4o = max { 0, -r-1 (so) 
-1 (6.16) 

lP} 

and 

ýO,: 
min qo, max - 111 " 

(6.17) 

The seller's expected profit is 

(p - so) max { 0, T- pso) 
-1 }+ öpEXllX. min j 90, max 0, 

pl 
-1}} t JJJ lý J))J)) 

At this point we need to simplify drastically in order to get a solution. Let all possible 
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rates of return of the asset be contained within the unit interval. The seller's expected 

profit is then 

T-1 ýSO) 1 ýqo, 
so) 

p- 
1J + bpEx1 x0 min 

Lp 
- 1J 

} 

Similarly to the two-quality case of model 1, let xo E {l, h}, with h>1, and accordingly 

modify the domain of T so that T: {1, h} --> S. Further, let xi E {L, M, H}, with H>h> 

M>l>L, and with the "transition probabilities" pxozl, such that > 
x1E{L, M, H} Pxox1 = 1" 

The martingale property requires that phHH+phMM+phLL =h and pILH+PIMM+PILL = 

1. Further define All -H-h, and OL -I-L. In analogy to the analysis of model 1, we 

require, for a separating equilibrium to exist, the following version of the Spence-Mirrlees 

single-crossing property to hold: 

(p - so) 
(h 

-1) + Sp 
(PhHh + phMM + phLL 1 

p) 

p 
(p 

- 1) + 6p 
((PhH + PhM)l + PhLL 

- 1ý 
s p 

that is 

so 
(h - 1) +b (phHh + phMM - 

(PhH + PhM)l) 
p-1 

and 

P 
(_i) + Sp 

((PIH+PLM)l+PZLL 

-Z 
P) 

(P - so) 
(p 

- 1) + bp 
(PLHh+PLMM+PZLL 

-1 \P) 

that is 

30) 
(h-l)+6(pznh+pIMM- (PIH+puM)l) 

h-1 
P 

So a separating equilibrium exists if 

PhHh + PhMM - (PhH + PhM)l -'-ý'PZHh + PIMM - (PIH + PLM)l 
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Rewrite this using the definitions of OH and OL and the martingale property as 

-PhHOH + PhLOL +h> -PLHLH + PLLOL + 1. 

We can now state our next result: 

Proposition 56 In the martingale case of model 3, a separating equilibrium exists if h-I 

is sufficiently large, i. e. if h-l> (PhH - pIH) OH + (PIL - phL) AL 
- 

Proof. The proposition follows self-evidently from the derivation above.   

6.4 Welfare Properties of the Separating Equilibrium 

6.4.1 Model 1 

The attractive property of the separating equilibrium is that in every period, all customers 

who buy the policy they are offered are made weakly better off than they would be under 

their outside option. Those who do not buy the policy are better off investing in their 

outside option. 

In a pooling equilibrium, the number of customers who buy in the first period is either 
(weakly) greater or (weakly) less than the number who optimally ought to buy in the first 

period, depending on whether the true quality of the policy they are offered is L or H. In 

the former case, some consumers who buy in the first period would have been better off 

investing in their outside option instead; in the latter case, some first-period non-buyers 

would have been better off buying the policy in the first period and furthermore, they 

cannot (under the rules of the game) buy in the second period either. 
As discussed in section 6.1.3, the "renewal" of policies in the second period of our 

model is known in the insurance literature as persistency. The persistency rate is the 

ratio of investors who renew their policy. It is clear that in our two-quality model the 

persistency rate in a separating equilibrium is 100% for both high and low quality policies. 
In a pooling equilibrium (given that customers' expectation about policy performance is 

0.5E[XILI +0.5E[XIHI), the persistency rate for high quality policies is still 100%; for low 

quality policies, the persistency rate drops to 0.5E[XIH]-0.5E[XIL] < 1. 0.5E[X L +0.5E XH -p 
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Under the conditions identified in Corollary 54, the H-firm is also better off in a separat- 

ing equilibrium. The L-firm, however, loses out: it will always be worse off in a separating 

than in a pooling equilibrium. 

6.4.2 Model 3 

Purely for the purpose of illustration, consider the simplified (martingale) version of model 

3. In a separating equilibrium, if xo is h, period 0 demand is qp =ý-1, and expected 

period 1 demand is ql = PhHh+PhpM+P"LL - 1. Therefore, (1-P"H)h-ý MM-P"LL customers 

do not renew their policy at the end of period 0. 

If xO is 1, period 0 demand is qo =P-1, and expected period 1 demand is ql = 
(Ptx+Pz 

j)L+PILL - 1. Therefore, PILL p fLL customers do not renew their policy at the end of 

period 0. 

In a pooling equilibrium, assuming that buyers' priors on xp are Pr{xo = h} = Pr{xo = 

l} = 0.5, period 0 demand is qo = 0.51+o. 5h 
P 

If xo is h, expected period 1 demand is Eql = PhH(0.5h+0.51)+phpy min{0.5h+0.51, M}+phLL 
_ 1. 

p 
Therefore, O. 5h+0.51-(PhH(0.5h+0.51)+phM min{0.5h+0.51, M}+phLL 

customers do not renew their 

policy at the end of period 0. 

If x0 is 1, expected period 1 demand is Eql = H(O. 5h+0.51)+plm min{o. 5h+0.51, M}+p, LL 
_ P 

1. Therefore, 0.5h+0.51-(pjy(0.5h+0.51)+p, M min{0.5h+0.51, M}+plLL 
customers do not renew their 

policy at the end of period 0. 

Comparison of non-renewals yields our final result: 

Corollary 57 In the simple martingale example of model 3, persistency is higher in a 

separating equilibrium unless x0 =h and M>0.5h + 0.51. 

Proof. Compare the expected number of non-renewals in separating and pooling equi- 
librium. 

For the case where xO = 1, suppose first that 0.5h + 0.51 < M. Then, a separating 

equilibrium exhibits higher persistency if 0.5(1 - pill - plM)h + 0.5(1- Pill - P1M)l - (1- 

pill -pzM)l > 0, or h-I > 0, which is true by assumption. Suppose now that 0.5h+0.51 > M. 
Then, a separating equilibrium exhibits higher persistency if 0.5(1- Pill) h+0.5(1- piH)l - 
PIMM - (1-pill - p! M)l > 0. However, from 0.5h+0.51 >M (which we have just assumed), 
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we know that 

0.5(1 - pzx)h + 0.5(1 - PIH)L - P1MM - (1 - PIH - PZM) > 

> 0.5(1- pLH)h + 0.5(1 - p1H)l - (0.5h + 0.5I)plM - (1 - PIH - PZM)l = 

= 0.5plLh - 0.5p1L1 > 0. 

For the case where xO = h, suppose first that 0.5h + 0.51 > M. Then, a separating 

equilibrium exhibits higher persistency if 0.5(1-h)+0.5PhH(h-l) > 0, or 1-phH > 0, which 

is true by assumption. Suppose now that 0.5h + 0.51 < M. Then, a separating equilibrium 

exhibits higher persistency if 0.5(1 -PhH -PhM) h+0.5 (1-phH -PhM) l -h+PhHh+PhM M>0, 

or 0.5(h+l)phL - (Pht +PhM)h+PhMM > 0. However, since 0.5(h+1) < M, and h>M, 

in this case only, persistency is higher in a pooling than in a separating equilibrium.   

6.5 Conclusion 

We began this discussion with the observation that, when a producer's marginal returns 

to advertising vary systematically with unobservable product quality, uninformative adver- 

tising (such as commission payments to retailers) may act as a signal of product quality. 

This paper has explored repeat purchases as the link between quality and returns to ad- 

vertising, and found that, under the assumptions of proposition 53 and proposition 56, a 

separating equilibrium in the quality signalling game exists. Furthermore, these equilibria 

have desirable welfare properties. 

In viewing advertising (or sales commission) as a quality signal, our paper has followed 

the lead of Milgrom and Roberts (1986). Interestingly, in a recent empirical study, Tomas, 

Shane, and Weigelt (1998) find that, in the US automobile market, prices and advertising 

expenditures are consistent with the "signalling" story. 
In the present context, however, care must be taken not to overemphasize the importance 

of the signalling function of commission payments. In this paper, retailers serve no function 
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other than that of conduit for commission payment signals of quality. However, as we have 

pointed out above, retailers may well acquire information about customers that producers 

want to extract. Commission payments may therefore be part of a mechanism designed 

by the producer in order to elicit this information. When the retailer is a common agent 

for more than one producer, the producers will typically compete in the mechanisms (the 

commission payment schedules) they design for the retailer. This, in essence, is the question 

addressed by the recent literature on common agency (cf. Martimort (1992), Stole (1992), 

and in particular, Mezzetti (1997)). For the reasons pointed out above, these concerns are 

largely orthogonal to the vertical differentiation issues of this paper. Nevertheless, making 

them explicit in the current context (with horizontal product differentiation) is a worthwhile 

future research project. 

6.6 Appendix 

This appendix contains figures referred to in section 6.1.3. 

Figure 6.1: Market Share, New Yearly Premiums. Source: Association of British Insurers, 
October 1998, Insurance: Facts, Figures and Trends, London: ABI 
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Figure 6.2: Market Share, New Single Premiums. Source: Association of British Insurers, 
October 1998, Insurance: Facts, Figures and Trends, London: ABI 

Figure 6.3: Empirical Frequency Distribution of Commission Payments: 25 Year Unit 
Linked Personal Pension. Source: Personal Investment Authority, January 1998, Life As- 
surance Disclosure: Three Years On, London: PIA 

159 



Figure 6.4: Empirical Frequency Distribution of Commission Payments: Unit Linked Whole 

of Life. Source: Personal Investment Authority, January 1998, Life Assurance Disclosure: 
Three Years On, London: PIA 

Figure 6.5: Persistency rates of regular premium policies started in 1993. Source: Personal 
Investment Authority, January 1997, Life Assurance Disclosure: Two Years On, London: 
PIA 
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Figure 6.6: Persistency rates of regular premium policies started in 1993. Source: Personal 
Investment Authority, January 1997, Life Assurance Disclosure: Two Years On, London: 
PIA 
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Chapter 7 

Who Regulates the Regulators? 

In general, common agency models involve two distinct sources of inefficiency. One source of 

contractual inefficiency is one that is already present in the standard single-principal single- 

agent framework: As a result of the informational asymmetry between contract designer and 

decision-maker, the informed party (in this case, the agent) has to obtain an informational 

rent to supply effort (as in the moral hazard-hidden action model) or to reveal private 

information (as in the adverse selection-hidden action model). 

The new source of contractual inefficiency introduced in common agency models arises 

as a consequence of the simultaneous, non-cooperative framework in which rival contract 

setters design mechanisms for a common agent. When the agent's actions (in the moral 

hazard model) or allocations (in the adverse selection model) are correlated, 1 the amount of 

informational rent given to the agent by one principal induces generally different (unwanted) 

behavior in the other principal's mechanism. 

In this chapter we study this externality in a setting that differs from the standard 

common agency setting in one important respect. The model combines elements of both 

the pure common agency setting (Bernheim and Whinston (1986a), Martimort (1992), 

Stole (1992)) and a hierarchical principal-supervisor-agent model (e. g. Tirole (1986)). This 

greater richness allows us to address questions of common agency where one principal has 

greater power, or greater discretion, than the other. This richness however, comes at a price: 

'Actions (allocations) in this context are correlated when a change in the action (allocation) under one 
principal's mechanism changes the agent's marginal cost of action (marginal utility of allocation) with respect 
to the action (allocation) under the other principal's mechanism. 
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we simplify the informational asymmetry issue by giving each principal the opportunity to 

buy a simple technology that reveals private information: higher precision is available at 

greater cost. This allows us to focus more clearly on the central issue of this chapter: the 

externality that arises from non-cooperative contracting. 

7.1 Introduction 

Since its inception in the 1970s, agency theory has provided new insights in virtually every 

branch of economics. 2 Arguably the most fruitful area of practical application has been 

to the economic analysis of regulation. As a result, we now have a good understanding of 

the incentive structures facing firms that are subject to regulatory scrutiny, as well as the 

incentives faced by their regulators. A large number of results are available, summarized in 

Laffont and Tirole's comprehensive text (Laffont and Tirole (1993); cf. also Laffont (1994)). 

The economic analysis of competition policy, by comparison, is still in its infancy. For 

instance, it is much less clear in how far competition policy and its enforcement are sub- 

ject to incentive pressures, or even what the appropriate action space for the competition 

authority is. In this paper, we focus interest on the regulatory function of the international 

competition authority; that is, we study the incentives that confront the international au- 

thority in its regulatory function. We will therefore refer to the international authority 

as an international regulatory agency. The problem is compounded if we consider semi- 

hierarchical structures, in which an international regulatory authority oversees not just the 

actions of the firms in an industry, but also those of the industry's national regulator. In this 

paper, we model competition law enforcement in such an hierarchical structure. Although 

ostensibly a model of a hierarchy, features of the common agency setting are preserved. 

In particular, both industry regulator and the international authority attempt to obtain, 

directly from the firm, information about the firm's privately known cost structure. 
The paper studies the limits on the international authority's action space that arise from 

the externalities germane to common agency settings. The question we address in this paper 
is how much effort an authority should invest in obtaining information about the regulated 
firm (and, by implication, about the performance of the national regulator). The externality 

2 Chapters 3 and 4 are a guide to some of the results from this literature. 
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arises because, given sufficiently accurate information, the international regulatory authority 

always has an incentive to overrule the national regulator's decision and pursue its own 

agenda. As a result, increasing investigation effort by the international authority reduces the 

national regulator's incentive to investigate, and may lead to a "crowding out" of regulatory 

effort. In the context of the enforcement of competition law in the European Union, this 

effect is usually referred to, along with a host of others, under the heading of "co-operation" 

between member states and community authorities. In this paper, we isolate this effect, 

and introduce the "crowding out" terminology as a more informative term. 

A case in point of the structure we study is the hierarchy of regulated firm-industry 

regulator-competition authority (European Commission) in the European Union, and our 

modelling choices reflect the institutional features of this setting. The following section 

therefore briefly reviews the structure of competition law enforcement in the EU. 

7.1.1 Competition Law Enforcement in the EU 

European antitrust law is based largely on Articles 81 and 82 of the EC Treaty (Treaty of 

Rome). 3-4 Article 81 (1) prohibits agreements between undertakings and "concerted prac- 

tices" that affect trade between member states, and which "have as their object or effect the 

prevention, restriction or distortion of competition within the common market ... 
" (such as 

price-fixing agreements, input or output market-sharing agreements, price-discrimination 

agreements, etc. ). Article 82 prohibits any abuse of a dominant position that affects trade 

between member states. Although Article 82 does not define what constitutes such abuse, 

it lists examples such as "unfair" (for instance, monopoly) pricing, price discrimination, re- 

striction of production, or tying contracts. Furthermore, Article 86 of the EC Treaty brings 

state-owned firms, or those operating under a state-granted monopoly, under the umbrella 

of European antitrust law. 

The application of European competition law is shared between the European com- 

petition authority (the European Commission, in this case Directorate General IV) and 

member states' national competition authorities. The competencies of national authorities 

3Article 12 of the Treaty of Amsterdam, in force on May 1,1999, provides for a renumbering of the 
Articles of the EC Treaty. In particular, Articles 85 and 86 are renumbered Articles 81 and 82. Article 90 
is renumbered Article 86. We use the new (revised) numbering system. 

4For an economic analysis of European competition policy, cf. Phlips (1995). 
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and the Commission are defined in Council Regulation 17, the first implementing regula- 

tion for Articles 85 and 86 (now Articles 81 and 82). 5 The Commission can act either on 

its own initiative (ex officio), or on application from interested parties or member states 

(Regulation 17 (3)). Importantly, as long as the Commission has not initiated a formal 

procedure that leads to the adoption of a decision, Regulation 17 (9) gives national compe- 

tition authorities full competence to apply Articles 81 and 82.6 However, provided that a 

case has European dimension (affects trade between member states), European Union law 

is in general understood to take precedence over national law. 7 This, of course, is in keeping 

with the principle of subsidiarity in Article 3 (b) of the EC Treaty. Finally, Regulation 17 

(11) gives the Commission the right to obtain any necessary information from governments 

and competent authorities of the member states, as well as from firms directly. For this 

purpose, Regulation 17 (14) grants the Commission investigating powers and institutes a 

system of fines (Regulation 17 (15)) for non-compliance in investigation. 

However, the Commission's powers to investigate are generally perceived to be severely 

limited by the fact that it has no powers against individuals; 8 it cannot, for instance, de- 

mand information from individuals, force individuals to testify, or impose fines on them. 

By contrast, all member states can request documents from and question individuals. Most 

member states can interrogate in written form, pursue on-site inspections and hold individ- 

ual representatives of firms personally responsible for providing answers. In some member 

states (Finland, France, Germany, Greece, Ireland, the Netherlands, and the UK), non- 

compliance with the investigation may be punished by imprisonment with a maximum of 
between six weeks and two years; the European Commission may only impose fines which, 

particularly since they may only be imposed against undertakings, not individuals, are gen- 

erally not considered to be high enough to deter non-compliance. This view is confirmed in 

the recent White Paper on the modernization of the implementation of European competi- 

tion law: ' it proposes amendment of Regulation 17 to allow for powers against persons in 

'Council Regulation 17 of February 6,1962 (OJ 13,21.2.1962, p. 204; Special Edition 1959-62, p. 87) 
6There is an exception: the granting of exemptions (individual and block exemptions) from the provisions 

in Article 85 (1) is a prerogative of the Commission. 
'This principle was established in the European Court of Justice ruling in Case 14/68 Walt Wilhelm -v- Bundeskartellamt. 
8cf. Laudati, L. (1995): "Surveys of Member States' Powers to Investigate and Sanction Violations of National Competition Law, " Competition Policy Newsletter 1(4), 13-20. 
9 White Paper on Modernisation of the Rules Implementing Articles 85 and 86 of the EC Treaty, approved 
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investigations, and an increase in fines for supplying incorrect information (para. 113 and 

124). 

So there exists a clear hierarchy of competition law enforcement in the European Union: 

National authorities (which for the purposes of this paper we will take to be price-regulating 

industry regulators) have wide-ranging powers to investigate. If a violation of competition 

law is found, they can impose sanctions under Articles 81 and 82 or under national competi- 

tion law where courts cannot directly implement European law. The European Commission 

has more limited powers of investigation, but may overrule the decisions of national authori- 

ties. The feature that national authorities have greater powers of investigation is interesting, 

since it opens up the possibility for an external effect: if the national authority investigates, 

this reveals information that is also at the Commission's disposal; if the national authority 

does not investigate, the Commission has less powerful tools to obtain information. In or- 

der to focus on this feature, we will model the structure of information about firm behavior 

as a pair of nested sets: In our model, the Commission's information is a subset of the 

information acquired by the national regulatory agency. 

A closely related issue is that of co-operation between the Commission and national 

competition authorities. In its (1997) Notice, 10 the Commission defines the extent of co- 

operation in case allocation and regulatory decision-making between national authorities 

and the Commission, and again reinforces the principle of subsidiarity: in cases with a 

European dimension, there is a presumption that the Commission is competent. However, 

the Notice recognizes that duplication of investigation effort is possible, and, if it occurs, 

is costly and should "wherever possible be carried out by a single authority. ... Parallel 

proceedings ... can lead to the repetition of checks on the same activity, by the Commission, 

on the one hand, and by the competition authorities of the Member States concerned, on 

the other" (para. 10). However, the (1999) White Paper recognizes that Regulation 17 can 

not prevent simultaneous application of Articles 81 and 82 by national authorities and the 

European Commission in those countries that can implement European competition law 

April 28,1999. 
"Commission Notice on Cooperation between National Competition Authorities and the Commission in 

Handling Cases Falling within the Scope of Articles 85 or 86 of the EC Treaty OJ C 313, October 15,1997, 
p. 3. 
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directly-11,12 Clearly, the lack of regulatory co-operation and co-ordination is perceived as 

a problem. In our model, we make this notion of the lack of co-operation precise: absence 

of co-ordinated competition law enforcement leads to what we call "crowding out" of effort 

by the national regulatory authority. 

A final important issue is the availability of judicial review by (or, the availability of 

an avenue for appeal in) the Court of First Instance (Articles 172 and 173 of the Treaty 

of Rome and Regulation 17 (17)). The regulated firm has the option to challenge any 

Commission action, decision, or the imposition of penalties. The Court of First Instance 

has full competence to change any penalties or fines imposed by the Commission. In the 

context of our model, this condition ensures that regulatory and competition authorities 

will only take actions based on "hard" information (that is, information that is verifiable in 

court). In other words, we rule out the possibility that either the national regulator, or the 

international competition authority can regulate the firm on the basis of a guess (however 

correct) about the firm's cost structure. Any such decision could successfully be challenged 

in court by the regulated firm. 

Importantly for our purpose, Article 82 allows the European Commission to act as 

a regulatory authority. The Commission has used Article 82 to regulate price directly 

in two cases: In a 1974 decision13 the Commission used Article 82 to impose a fine on 

General Motors Continental (GMC) for its practice of charging excessive prices for motor 

vehicle inspections. Belgian law requires all motor vehicles to be inspected and issued with 

a certificate of conformity. The Commission took the view that GMC charged excessive 

prices for the inspection of parallel imports. Although, on appeal, the fine was annulled 

by the court, 14 the court's decision was based on the fact that the Commission had not 

sufficiently shown an abuse of prices. In fact, the court stated explicitly that an abuse of 

"Currently only 8 member states' competition authorities can apply European competition law directly 
(Belgium, France, Germany, Greece, Italy, the Netherlands, Portugal, and Spain). The remaining member 
states apply their own antitrust law. 

12Cf. also the view of the Director-General, Alexander Schaub, in (1998) "EC Competition System- 
Proposals for Reform, " Fordham Corporate Law Institute: 25th Annual Conference: International Antitrust 
Law f9 Policy: "... a number of obstacles to an efficient decentralisation and closer co-operation still remain. 

... national and EC competition law can be applied in parallel by national competition authorities and the 
Commission.... [A] clear division of work ... presupposes that all Member States empower their competition 
authorities to apply EC competition law. " 

"Commission Decision of December 19,1974 (OJ L29,3.2.1975, p. 14) 
"Judgement of the Court of November 13,1975 (Case 26/75) 
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a dominant position in the sense of Article 82 "might lie, inter alia, in the imposition of a 

price which is excessive in relation to the economic value of the service provided. " 

In a 1975 decision15 the Commission again sought to impose a penalty for excessive pric- 

ing. In this case, United Brands Company (UBC) had charged widely diverging wholesale 

prices for its imports of bananas into different member states. Again, the Commission's de- 

cision was rejected on appeal, but again not because it was inadmissible for the Commission 

to regulate prices, but because the Commission had failed to make out a clear case. In fact, 

the court decided that "charging a price which is excessive because it has no reasonable rela- 

tion to the economic value of the product supplied may be an abuse of a dominant position 

within the meaning of subparagraph (a) of Article (82]" and points clearly to markup over 

cost as a measure for this abuse: "this excess could, inter alia, be determined objectively if 

it were possible for it to be calculated by making comparison between the selling price of 

the product in question and its cost of production, which would disclose the amount of the 

profit margin. " 16 

We take this evidence to support our view that price regulation is a valid field of interven- 

tion for the European Commission. We will therefore sometimes refer to the international 

competition authority as an international regulatory authority. 

7.1.2 Modelling Strategy 

We model the regulated firm as a monopolist with a privately known cost parameter. The 

firm, which sells both in home and foreign markets is assumed to be a profit-maximizing 

single-price monopolist. This assumption is for convenience only: price discrimination issues 

needlessly complicate the analysis. 

Both the national regulator and the international regulatory authority can obtain infor- 

mation about the firm's cost parameter by investing in a stochastic information-revelation 

technology. We model the fact that national regulators have "better" information than the 

international regulatory authority (because of the regulators' greater power of investigation) 

in the following way: while regulators have powers to investigate firms directly, the inter- 

national authority may only request information from national regulators. The information 

"Commission Decision of December 17,1975 (OJ L95,9.4.1976, p. 1) 
"Judgement of the Court of February 14,1978 (Case 27/76) 
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potentially available to the international authority is therefore a subset of the regulator's 

information. 

In general, the objectives of regulator and international authority will not coincide; 

furthermore, both the regulator's and the international authority's objective functions will 

differ from the firm's. This divergence of interests drives the common agency aspect of 

the problem: both authorities wish to obtain information about the firm's privately known 

cost parameter, and both wish to regulate the firm in different ways. In this paper, we 

make strong simplifying assumptions about the regulator's and the competition authority's 

objective function, but these can be viewed as reduced form results from, for instance, a 

model of interest group influence. In particular, we assume that the firm is interested in 

profit maximization; the international competition authority, in maximizing total (consumer 

and producer) surplus; and the regulator in maximizing a weighted sum of producer and 

consumer surplus. 17 In the light of a theory of interest group influence we could justify 

these choices as arising from the fact that regulators have a concern for a future career 

in the regulated industry (that is, their objective is partly aligned with that of the firm), 

but need to signal their ability to the regulated firm by displaying competence in applying 

competition rules (so that part of their objective is welfare maximizing). Alternatively, the 

regulator may have an interest in a future career in government and therefore aligns its 

objective with that of the government. Since governments tax firms, but are elected by 

agents interested in their consumer surplus, we can again justify the regulator's objective 

as a weighted sum of consumer and producer surplus. There is now a growing literature on 

the "capture" of the regulatory agency by the regulated firm or other interest group. Much 

of this literature has assumed enforceable side contracts with direct money payments such 

as campaign contributions (for instance, Laffont and Tirole (1991)), but recently interest 

has shifted to other motivating factors such as career concerns. This is already implicit, for 

"In the case of the European Commission it is not clear what the objective is. Here we focus on efficiency 
(total surplus) as the objective. One might equally well argue for consumer protection (consumer surplus) as 
the objective. In fact, the objectives underlying European competition law are often inconsistent: although 
consumer protection is an important objective, the protection of "small and medium-sized undertakings" 
or the creation of a single market (for instance by allowing exclusive distributors in order to allow firms to 
penetrate a new market) are also important aims (cf. Whish (1993)). At any rate, all we need for our results 
is that the objective of the national industry regulator is between that of the international authority and 
that of the firm, so that there is some coincidence of interests between the international authority and the 
national regulator. 
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instance, in the papers by Spiller (1990), and Che (1995) (reviewed below). The starting 

point for the latter branch of the literature are the papers by Dewatripont, Jewitt and 

Tirole (Dewatripont, Jewitt, and Tirole (1999a), Dewatripont, Jewitt, and Tirole (1999b)). 

We make no assumption about which of these factors motivate regulators or international 

authorities, but find it helpful to keep in mind a career concern model. At any rate, the 

aim of this paper is to study the externalities that arise from non-cooperative contracting, 

not the modelling of interest group pressure. 

The firm sets price to maximize profits. Given sufficiently accurate information, reg- 

ulator and international authority can intervene and set the price that maximizes their 

objective. Given the hierarchical structure of competition law enforcement, if an authority 

that ranks higher in the hierarchy intervenes, the price it sets will be binding. To justify 

this assumption, we appeal to the principle of subsidiarity in European competition law 

enforcement, and in particular, to the European Court of Justice ruling (Walt Wilhelm) 

mentioned above, which establishes legislative priority of European courts over legislative 

authorities in member states. 

Since price is the choice variable for regulator and international authority, one may 

wonder whether the regulated firm may have an incentive to decrease output below the level 

of demand at the set price. This case can be ruled out through an appeal to a universal 

service obligation embedded in the licence of virtually every privatized utility, and which 

requires that every customer wishing to be served at the set price not be refused service. 

Furthermore, as indicated above, regulator and international authority can only act on 

"hard" information about the firm's cost parameter. They cannot, for instance, set price 

based on an expected value of firm cost. This feature of the model reflects the possibility 

of judicial review that was argued above: the action of each agency has to be able to stand 

up in court. 

7.1.3 Results 

The externality we study in this paper operates in two directions: as the regulator acquires 

more information, the opportunity for the international authority to obtain hard informa- 

tion is raised. However, the more the international authority investigates, the greater the 

probability that the regulator's effort results in price-setting less prefered by the regulator, 
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and therefore the regulator's incentive to acquire information is reduced. 

One of the results of the paper therefore is a counterintuitive conclusion: by introduc- 

ing an international authority to "regulate the regulators, " consumers may get a worse 

deal than if industry regulators operated independently. The trade-off is the following: 

When the international authority investigates successfully, consumers get the best possible 

deal (marginal cost pricing). But investigation by the international authority (through the 

crowding out mechanism) reduces the probability that the firm's behavior is investigated 

successfully by anyone and therefore increases the probability that the firm's price is set. 

This of course is the worst possible outcome for consumers. As a result, the expected price 

of the firm's product may be higher than if the regulator were to operate independently. 

More pertinently, expected consumer surplus may also be lower than if the regulator were 

to work independently. 

The paper's central prediction is that we can derive bounds on the regulatory authority 

and competition authority behavior we should expect to observe. In particular, a robust 

prediction is that the international authority will never fully crowd out regulatory effort. 18 

More subtly, in a wide class of cases the international authority will never investigate only 

tentatively: it will either not investigate at all, or invest substantial effort into its investiga- 

tion of the firm's cost structure. We make this statement more precise by studying a special 

case of our more general model. Further, an important variable in the model is the size of 

the country relative to the size of the area of responsibility of the international regulatory 

authority. This allows us to make country-specific predictions of national regulatory and 

international authority behavior. In particular, in small countries, neither the regulator nor 

the international authority will investigate fully. In large countries, regulatory effort will 

always be maximal, regardless of the actions of the international authority. 

7.1.4 Related Literature 

Our model combines elements from common agency and hierarchical "supervision" mod- 

els. The common agency aspect enters through the competition for information about the 

18A caveat is necessary: we show that regulatory effort will never be zero, unless it would be zero even in 
the absence of an international authority. In this sense, the international authority never causes complete 
crowding out. 
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firm's cost (which allows setting of the price preferred by each principal) between regulator 

and international authority. Both principals have different objectives, and each principal's 

objective differs from that of the regulated firm. 

Spiller (1990) has a common agency model (in a hidden action setting) of competition 

between congress and an organized interest group ("industry") for favorable pricing deci- 

sions by the regulator. The paper is reviewed in section 3.4 of chapter 3. In Spiller's paper, 

congress and industry bid (through budget-setting and direct money transfers, respectively) 

for favorable price outcomes. The informational asymmetry is about unobservable regula- 

tor actions which induce a distribution over observable pricing outcomes. Spiller's paper 

differs from ours both in the informational structure of the problem it studies, and in em- 

phasis: while Spiller explores the objective of the regulator, and how regulatory actions are 

influenced by political pressure, we emphasize the problems antitrust enforcement agencies 

(in their price regulating role) with differing incentives create for each other in extracting 

information about a firm subject to regulation. 1° 

In this sense, our model is closer to that of Martimort (1996b) (cf. section 4.7 of chapter 

4). Martimort models two regulatory agencies that non-cooperatively choose subsidies for 

a firm with privately known cost of performing a project beneficial to the constituencies 

of both regulators. The firm chooses whether or not to invest in the project. Martimort 

shows that under non-cooperative contracting, the project is less likely to be performed than 

under co-operative or full information assumptions on the model. In Martimort's model, as 

in ours, regulators impose externalities on each other: one regulator's subsidy has external 

benefits (if the project is performed) for the other regulator's constituency. Both regulators, 

however, are identical: there is no sense of one regulator having greater discretion or power. 

In many applications, there is no such symmetry of regulatory power; often one authority 

is subordinated (if sometimes only partially) to another. At the same time, these principals 

may maximize their own objectives, which depend on the agent's private information in 

opposite ways. This is the case for the regulatory example we address in this paper, but 

19Spiller's paper is interesting because his empirical discussion finds career concerns (post-regulatory em- 
ployment opportunities in regulated firms) as an important motivational factor for regulators. His theoretical 
model, however, does not reflect this: the modelling is still in terms of direct money payments (cf. our brief 
discussion of the career concerns literature of Dewatripont, Jewitt, and Tirole (1999a) and Dewatripont, 
Jewitt, and Tirole (1999b), above). 
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the structure is that of a whole class of problems. (For instance, while college students and 

university administration lobby instructors for opposite amounts of effort in teaching, it 

is the university that has greater "power" to determine actual teaching output. ) We find 

this aspect of reality interesting and therefore choose to introduce elements of hierarchical 

decision-making into our model. 

Tirole (1986) develops an hierarchical "principal-supervisor-agent" model, where the 

agent produces (observable) output with privately known effort, according to some stochas- 

tic technology. The principal obtains the proceeds from selling the agent's output and pays 

the agent a wage contingent on output and a report on the agent's performance from a 

supervisor. While the agent knows the size of the productivity shock in her production 

technology, the supervisor has coarser information. Specifically, the supervisor receives a 

signal that either reveals the productivity variable or else reveals nothing. The supervisor 

makes a report to the principal, in which she can either report the state of the productivity 

variable truthfully or report that she has observed nothing, but cannot "lie" directly. This 

is the extent of the supervisor's discretion, and it drives the model's results. The supervisor 

is rewarded by the principal on the basis of her report and the productive output of the 

agent. 

The focus of Tirole's paper is to describe the optimal collusion-proof contract, that 

is the mechanism that prevents agent and supervisor from exchanging side transfers. In 

general, the possibility of side contracts (although, in equilibrium, no side contracts are 

actually made), implies that the supervisor will use her discretion to act as an advocate for 

the agent, i. e. she will sometimes hide information detrimental to the agent: the principal 

would be better off if side contracts could be prevented costlessly. Yet, there is a role for the 

supervisor: if the agent could produce verifiable information herself, she would only ever 

choose to reveal information that is not detrimental to her. Tirole argues that organizational 

design is partly a response to the threat of collusion; organizations are designed so as to 

minimize the possibility of side transfers. The possibility of collusion (and the relative ease 

of preventing it in short-run versus long-run relationships) serves as an explanation for why 

we observe short-run relationships, rather than long-run relationships that generally allow 

more investment in relationship-specific assets. Furthermore, bureaucratic rules leave no 
discretion to the enforcer (they take away the supervisor's discretion to hide information 
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unfavorable to the agent), so that the possibility of collusion may explain the emergence of 

bureaucracies. 20 

In our paper, we use part of this hierarchical structure. In particular, we make use 

of the nested information structure between agent and supervisor. In our own model, 

the regulator can acquire (unlike in Tirole's paper, at a cost) an imperfect signal of the 

firm's cost parameter, and it can control the accuracy of the signal. We then duplicate 

this structure again and allow the competition authority to acquire at a cost an imperfect 

signal of the regulator's signal. Unlike in Tirole's paper, where the supervisor determines 

what the principal knows directly, we allow the competition authority to determine what 

information it obtains-but the opportunities for this information acquisition are restricted 

by the regulator's choice of how much (and how precise) information it acquires. 

An example of a hierarchical model in the field of regulation is the paper by Che (1995), 

which applies Tirole's framework to the study of regulatory capture by the firm. In a 

hierarchy of regulated firm (agent), regulator (supervisor), and government (principal), 

Che studies the question of whether the existence of a "revolving door" (post-government 

employment opportunities in the regulated industry for the regulator, and the opportunity 

for collusion between regulator and regulated firm) always needs to be harmful. In fact, 

Che finds that the revolving door can give the regulator the (ex ante) incentive to acquire 

industry-specific human capital, and to regulate the industry strictly (ex post) in order to 

signal its qualification for post-regulatory employment in the industry. 

A further application, and extension to a three-tier hierarchy, of Tirole's model is the 

paper by Kofman and Lawarree (1993), which models an organization designer's choice 

between an internal (cheap but collusion-prone) auditor and a combination of internal and 

external (truthful but costly) auditors. Note that in our model the analogue to Kofman and 

Lawarree's auditor is the regulatory authority. In our model the regulator is, by assumption 

as by law (Regulation 17 (11)), truthful. 21 

20Cf. also the more extensive discussion in Tirole (1992). 
21How accurate is the assumption of truthfulness? One might envision a regulator who conceals bad (or 

biased) performance by misreporting information on cost. In this paper, we abstract from this possibility 
because our interest is in the contractual externality between principals. Chapter 5 presents a model where 
an investigator might want to obtain less information on cost in order to be able to overreport credibly about 
a firm's cost. 
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7.1.5 Outline 

The next section describes the model. Section 7.3 contains the main results of the paper. 

We solve the general model for optimal national regulatory and international authority 

effort and present results about these optimal choices. In particular, we derive our main 

proposition placing a bound on possible international authority behavior. Finally, we en- 

gage in a comparative statics exercise to derive results about outcomes for countries of 

different sizes. Section 7.4 sharpens some of our results for special cases of the more general 

model. We refine the bound derived in section 7.3 to show that, under certain conditions on 

regulator and international authority cost-of-effort functions, regulatory effort will always 

exceed 2. That is, regulators will intervene in price setting in at least half of all cases that 

they investigate, and in which the firm prices excessively. Section 7.5 discusses extensions 

to the model and explains some of our modelling choices in greater depth. The final section 

7.6 concludes. 

7.2 The Model 

The regulated firm is a monopolist of privately known unit cost 0. Since we are not in- 

terested in market structure issues we assume, without loss of generality, the absence of 

fixed costs. The monopolist produces both for home consumption and for export, and we 

assume that price discrimination is impossible. The firm faces a downward-sloping, differ- 

entiable, aggregate demand curve q(p), and in entirely conventional fashion is assumed to 

maximize profit ir(p, 0). Assume further that the fraction of output sold in the home market 

is proportional to the size of the home market, relative to the size of the export markets. 22 

Define f (p, 0, a, ß) = arr(p, 0) +ßf, q(t)dt. The monopolist therefore seeks to maximize 

f(p, 0,1,0). 

The firm is regulated by a regulator whose objective is a weighted sum of the firm's 

profits and consumer surplus. One way to justify this assumption is to suppose that the 

regulator is motivated by a concern for a future career in government. Government cares 

both about the firm's profit (because it can be taxed) and about the fraction of consumer 

surplus that is enjoyed by its own nationals. On this interpretation, a<1 reflects the 

22 Given a representative country i of size ßs (r, ß; = 1), this assumption says that ß; q(p) = q; (p). 
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shadow cost of taxation, and ß denotes the relative size of the country (the extent to 

which consumer surplus figures in the objective function). The regulator seeks to maximize 

f (p, 0, a, /3) = air(p, 0) +, 3 fý q(t)dt. This interpretation also requires that a>ß. 23 We 

model the regulator as regulating price directly: we ignore any incentive issues that in 

practice drive a wedge between direct price regulation, rate-of-return regulation and price- 

cap regulation. Furthermore, price is the only policy variable for the regulator. 24 A universal 

service obligation, for instance, ensures that the firm has to produce on its demand curve, 

that is, it cannot refuse customers who are willing to buy the firm's product at the set price. 

The regulator can invest (costly) effort eE [0,1] in an investigation technology that 

yields a signal aE {0, O} of the firm's cost parameter. The regulator learns the firm's cost 

parameter with probability Pr{a = Ole} = e, and with probability Pr{o = Ole} =1-e it 

learns nothing. The technology is available at cost cr(e), with standard assumptions on the 

cost function: cr(0) = 0,4(. ) >0 at all but a finite number of points (for instance, we will 

allow c', (0) = 0), c', ', (") > 0, and these derivatives exist everywhere. 25 The interpretation of 

effort as the probability of "success" (obtaining verifiable information about the firm's cost 

parameter) will be useful in the interpretation of our results. 

The international authority's objective, because it represents the interests of consumers 

in all countries under its jurisdiction, is the maximization of total surplus; that is, if it 

intervenes it sets price so as to maximize f (p, 0,1,1). Similarly to the regulator, it has the 

option to invest effort iE [0,11 in a costly technology that reveals a signal sE {6, O} such 

that Pr{s = ali} = i, and with probability Pr{s =O i} =1-i. This is the previously 

argued assumption of the nestedness of information: the international authority can only 

learn firm cost if the regulator has received an informative signal. The information that 

the authority can buy is coarser than the regulator's: and its coarseness varies with the 

regulator's investigation effort. Effort level i costs the international authority c,, (i) (again 

assuming cß(0) = 0, c () >0 at all but a finite number of points, c'ý(") > 0, and that these 

23In fact, this is also a technical assumption: it implies that if the regulator sets price, it will not choose 
a price at which the firm finds it unprofitable to produce any positive level of output. 

24Issues such as quality monitoring and quality assurance open up a can of worms of their own. In this 

paper, we focus on price regulation and therefore ignore such issues, important as they are in practice. 
25Throughout, subscript r denotes parameters or variables in the regulator's utility function. Subscript 

f denotes the firm's and subscript c the international regulatory (competition) authority's parameters or 
variables. 
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derivatives exist everywhere). 

Note that none of our results require the specific form for the payoff function f (p, 0, a, ß) 

that we have assumed. Any separable function of the form ag(p, 8) +ßh(p, 0) (this includes 

g(p, 0)"h(p, O)Q) that have a positive maximizer will do equally well. The restrictions that 

are necessary are that ag(p, 0) + 13h(p, 0) be concave for all values of Q (so that a maximum 

exists) and, for lemma 63, that ah ý'e < 0. This lends considerable generality to our model. 

7.2.1 Timing 

The timing of the game between firm, industry regulator, and international authority is the 

following: 

1. The firm learns its unit production cost 0. 

2. The international authority decides bindingly (and makes publicly known) its inves- 

tigation probability, i. For instance, it commits to a certain staff size, budget, or sets 

public targets. 

3. The regulator decides its regulatory effort, e, and learns signal o, of firm cost. 

4. The international authority learns its signal s, with the characteristics discussed above. 

5. The firm privately decides its output price, pf(9). 26 

6. If the regulator has received an informative signal (v = 0), it privately decides its 

preferred price for the firm's output, pr(O). Otherwise, it does nothing. 

7. If the international authority has received an informative signal (s = 0), it privately 
decides its preferred price for the firm's output, pc(O). Otherwise, it does nothing. 

8. If neither regulator nor international authority have intervened, price pf is published. 
If only the regulator has intervened, price pr is published. If both regulator and 
international authority have intervened, price p, is published. Firm, regulator, and 
international authority receive their payoffs. 

"For expositional purposes, we will occasionally suppress the dependence of prices on firm cost in notation. 
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7.3 Solving the Model 

We solve for the subgame perfect equilibrium of this game by backward induction. 

First, we find the Nash (actually, the dominant strategy) equilibrium in the price-setting 

game. When setting price, each agent's dominant strategy is to set price to maximize its 

objective. 27 Any other price, if it is published as the final price, gives the price-setter a 

lower payoff. But price-setting does not influence the probability of seeing one's preferred 

price published as the final price, so each agent's dominant strategy has to be to set the 

price that maximizes its payoff. Thus, the firm sets pf (0) = arg maxi f (p, 0,1,0), the 

regulator sets p, (0) = arg maxp f (p, 0, a, i3), and the international authority sets p, (9) _ 

arg maxp f (p, 0,1,1). 

7.3.1 The Regulator's Effort Choice 

The regulator chooses effort e as a function of the international authority's choice of i. It 

chooses its effort to: 28 

max EB I(1 - e) f (pf 
, 
e, a,, 8) +e (if (P,, O, a,, 3) + (1 - i) f (PT, e, a, Q) )] - c,. (e). 

e 

(That is, with probability (1 - e) it will obtain no information about the firm's cost, and 

therefore the firm's price prevails. With probability e, either of two things happen: with 

probability i, the international authority also obtains hard information and consequently 

sets p, _, or with probability (1 - i), the international authority obtains no hard information 

about firm cost and therefore the regulator's price prevails. ) 

27This is a feature specific to this model. For instance, if the timing were changed so that the regulator 
sets price before the international authority chooses effort and this price were observable, the regulator's 
price would likely act as a signal about the nature of its information. Similarly, the unobservability of the 
firm's price is important: since the firm's demand curve is known, cost could be calculated from the optimal 
price choice. This assumption is less controversial than it looks: the possibility of judicial review requires 
that national regulatory or international authority decisions are based on verifiable information about cost. 
In practice, the relationship between observed price, demand and underlying cost is made opaque by issues 
such as nonlinear pricing, allocation of cost to different products in a multiproduct firm, etc. 

28Since e is bounded between 0 and 1, the regulator in fact chooses e(i) = arg max. max{min{l, Eo[... ] - 
cr(e)}, 0}. Because of the concavity of Ee[... I - c? (e), we can first maximize with respect to e and then take 
account of the boundaries later. This simplifies the exposition considerably. 
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The first-order condition defines the function e(i) such that 

c . (e(i)) = EB [f (pr, e, «, ß) -f (pr, e, a, ß) -i (f (pr, 0, a, a) -f (p�e, a, Q))] . (7.1) 

First note that, absent an international authority, the regulator would set effort such 

that 

2, (e) = E9 [1 (pr, O, &, ß) - .f 
(Pf 

, 
O, a, ß)] 

Comparison of this first order condition and that in equation (7.1) reveals the nature of 

the externality the international authority imposes on the regulator: since f (pr, 0, a, ß) - 

f (pa, 0, a, ß) >0 (p, is the maximizer of f (p, 0, a,, 3)), the existence of the externality 

from the international authority generally tends to reduce regulatory effort. 29 Bearing in 

mind the interpretation of e as a probability of successful investigation, this illustrates the 

hypothesis that, if there is an international authority, consumers may, on occasion, get a 

worse pricing deal than without an international authority. 

The first-order condition (7.1) gives us our first proposition about the shape of the 

regulator's optimal effort response function in the presence of an international authority: 

Proposition 58 For pr 54 pc, the function e(i) is strictly decreasing if 4(. ) > 0. If pr = pc, 

e(i) is constant if c'r (") > 0. 

Proof. Equation (7.1) holds as an identity and can therefore be differentiated. Differ- 

entiation with respect to i yields 

-E0 [(f (Pr, 0, a, 0) -f (pc, 0, a, Q))] 

Since p, maximizes f (pr, 0, a, Q), we have EB [(f (p,., 0, a, f3) -f (p, 0, a, )3))] > 0. If 

Pr 'A Pc, Eo [(f (pr, 0, a, ß) -f (pc, 0, a, 0))] > 0, so that e'(i) <0 if cr(. ) > 0. The result 
for p,. = p, follows immediately.   

Proposition 58 is a "crowding out" proposition: It says that, the higher the interna- 

tional authority's investigation effort is, the less effort the regulator will invest in obtaining 

29Note, however, that e is bounded between 0 and 1, so that this externality need not always reduce 
regulatory effort in fact. 
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information about firm behavior. This proposition is intuitive: The higher the international 

authority's effort, the greater the probability that it will set its own price. The regulator 

can reduce this probability by reducing its own effort. 

Note that the function e(i) is not compatible with the interpretation of e (or i) as 

probabilities: both points in its domain and in its range may lie outside the unit interval. 

The concavity of the regulator's "unconstrained" objective however simplifies our task: we 

define a function e(i) that takes on value 1 when e(i) > 1, value e(i) when 0< e(i) < 1, 

and value 0 when e(i) < 0. By concavity of the regulator's objective, this is the best 

"constrained" response. Since the function e(i) is bounded between 0 and 1, and e(i) is 

monotone decreasing everywhere, there are at most three regions on function e(i), as follows: 

ý%'B[f(Pr, e, «, A)-f P1, B, a, P -c'r(l) 
characterized by e(i) =- 1; 1. iE 

10, 
max 01 EB f ,., 8, «, p -f pc, O, «, p 

1) 

2. iE 
[max 

0, Ee[f(p, -, O, «, A)-f(pf, e, «, p)]-C*(1) lJ Ee[f(Pr, O, «, p)-f(pf, e, «, p)]-c'' (e) 
l Ee f r, O, «, p -f c, O, «, p J, min Ee f Pr, e, «, p -f c, 8,00 

characterized by e'(i) < 0, with e(i) = e(i) as in equation (7.1); 

I F! 6 
[f (pr, O, «, p)-f (pj, O, a, p)1-c. (O) 1 

3. iE min Ee if 1J characterized by e(i) =- 0. 

Note that this function e(i) is continuous (although not everywhere differentiable), and 

weakly monotone decreasing. 

In region 1, optimal regulatory effort is high enough for increased international authority 

activity not to discourage effort. In region 2, there is some crowding out of regulatory effort 
(as established in Proposition 58). Region 3 is a region of "total crowding out: " international 

authority activity is so great that regulatory effort is fully discouraged. 

7.3.2 The International Authority's Effort Choice 

The international authority's objective is to: 

max Eo [i (e (i) f (pß, 9,1,1)+(1-e(i)) f (pf, 9,1,1))+ 
i 

+ (1- i) (e(i) f (p,., 8) 1,1) + (1 - e(i)) f (pf, 9,1,1))] - 

-cr(i). 

180 



(That is, with probability (1 - e(i)) the regulator obtains no information, and the firm's 

price prevails. With probability ie(i) both regulator and international authority obtain 

hard information, in which case the international authority sets its price. With probability 

(1 - i)e(i) the regulator, but not the international authority, obtains verifiable information 

about firm cost, and pT is set. ) 

Let u(i) denote this objective function. We now study this objective separately for all 

three regions, and investigate the international authority's optimal effort choice. 

Region 1: 

For i EEB f(pr, O, «, ß)-f(P,, e«p)]-4(1)1 
We have e(i) 1. The international authority's 

Io 
Ee f r, O, «, A -f c, e, a, ß J 

objective in this region is therefore to 

max Eo [if (pc, 9,1,1) + (1- i) f (pr, 9,1,1) - cc(a), i 

with the first-order condition 

dc(i*) =Ee [f (pc, O, 1i 1J - .f 
(Pr, e, 1,41 " 

This allows us to state our next result, which gives conditions for the international 

authority's objective to be decreasing in region 1 (if region 1 exists): 

Proposition 59 For sufficiently large countries (Q sufficiently large), or for cost-of-effort 

functions that are sufficiently steep at the origin (c', (0) sufficiently large), the international 

authority will not investigate at all. 

First, we need the following lemma (recall the restriction that ß< a): 

Lemma 60 As ,ß --º a, p,. (9) -º pc(9). 
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Proof. 

um p. (e) 

00 

_u margmap xcx7r(p, O) +ß J q(t)dt 
P 

_ um arg max r (p, 0) +äJ 
°° 

q (t) dt 
JP 

= argmaxir(p, O) +Jý q(t)dt 
Pp 

= pi(e), 

This proves the lemma.   

The lemma is intuitive: it states the simple fact that if a country is large (in the limit, 

the country is the only country in the union), the regulator's objective coincides with the 

international authority's objective. In this limiting case, their pricing behavior is therefore 

identical. 

We are now in a position to prove proposition 59. 

Proof. The international authority's objective is monotone decreasing over the entirety 

of region 1, so that the optimal choice of i in this region is at the boundary i* = 0, if 

ßc(0) ? Eo If (p-, 0,1,1) - .f 
(pr, °, 1,1)] 

Since p, is the maximizer of f (p, 0,1,1), we have Ee [f (pc, 0,1,1) -f (PI, 0,1,1)] > 0. By 

lemma 60, we have limp-, a Eo [f (Pc) 0,1,1) -f (p,., 0,17 1)] = 0. In region 1, therefore, the 

international authority will wish to set i* = 0. 

Next, we need to prove that if %(0) > EB [f (pa, 0,1,1) -f (p,,, 0,1,1)], the international 

authority's objective in region 2 is also monotone decreasing. 

In region 2, the international authority's objective has slope 

Eo[(e(i) + ie'(i))(f (p� e, 1,1) -f (pry 0,1,1)) + 

+e'(i)(f (pT, e1 1, l) -f (f, 0,1+ 1))) - ec(2)" 

From c4, (0) > Ee [f (pa, 0,1,1) -f (p,., 0,1,1)] and c"(") > 0, we know that c,, (i) >_ 
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Eo[ f (pc 
1 
0,1,1) -f (pr, 0,1,1) . But this implies that the international authority's objective 

has a slope less than 

1+ ie'(i))(f (pc, 0,1,1) - f(pr, 0,1,1)) + 

+e (z) (, f (pr, O, 1, l) - .f 
(Pf , 0,1,1))L 

Since we know that Eo [f (pc, 0,1,1) -f (pr, 9,1,1)] >0 and Eo [f (p,., 9,1,1) -f (p f, 8,1,1)] > 

0, and e(i) < 1, by e(i) <0 (in region 2), it follows immediately that the international 

authority's objective in region 2 is monotone decreasing.   

Under the conditions in proposition 59, the international authority will never wish to 

investigate tentatively: it will either set i* =0 (i. e. not investigate at all), or set i* 

somewhere in region 2 (i. e. investigate "rigorously"). 30 

We can also work out sufficient conditions under which the international authority will 

choose to set i at the right region 1 boundary i* -º 
Eo[f(pr, O, c, ß)-f(pj, O, a, ß)]-c'(1) We refer Ee f Pr, O, a, A -f c, B, a, ß 

to this as investigating "rigorously. 1131 

Proposition 61 If region 1 exists, the international authority will always investigate "rig- 

orously" if it has 

(a) a linear cost-of-effort function from the family characterized by c'', (i) < EB[ f (pc, 0,1,1) 

-f (p,., 8,1,1)] for all i in region 1; 

(b) a quadratic cost-of-effort function from the family characterized by &c(i) = aib for all i 

in region 1, with b>1,0 <a<b Eolf(pc, e, 1,1)-f(pr, e, 1,1)1 
- 

CEB 
I(Pr Bea Q)-I PI BpQ -crýl)1 
EB pr, 9, a, Q)-I pc, e, a, Q 

lI 

(c) more generally a cost function with the following restriction on its concavity: fo c"(t)dt < 

EB [f (pc, O, 1,1) -f (Pr, 0,1, l)1. 

Proof. Part (a) of the proposition follows immediately. For part (b) note that continuity 

and concavity of the authority's objective guarantee that, if c'ß(0) < Ee[f (pß, 0,1,1) - 

so We show below as a very general proposition that the competition authority will never choose to set i 
in (or even near) region 3. 

31This nomenclature may be misleading: if region 1 does not exist, the proposition notwithstanding, the 

competition authority may not investigate at all if the objective in region 2 is decreasing. 
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f61 1)] and d 
(Ee[f (pr, O, «, A)-f (p,, O, a, A)I-x(1)1 

r, >> Ee If r, O, «, A -f ý, O, a, ß J< EB [f (pC7 8,1,1) -f (pry e, 1,1)], the 

objective will be monotone increasing over the entirety of region 1. All we require from a 

quadratic function is therefore that 

b 
Eo (f (pr, 0, «, ß) -f (Pr, 0, a, ß)] - dr(1) b-1 

a 
C 

EB [f (pr, e, a, ß) - .f 
(pc, e, a, Q)] 

EB f (pc, e, 1, l) -f (p� 8,1,1)] 
/ 

Since bassumption EB(f(p, -, e, «, p)-f(p p)]-c;, (1) ) 0, the expression in the proposition 7 by Ee f 
r'e'a'ß -ff (pc, O, c"# 

follows. Part (c) of the proposition immediately follows from the requirement that cc(l) 

Eo [. f (Pc, 0,1,1) -f (Pr, 0,1,1)).   

Region 2: 

Ee [f (pr, O'a, p)-f (P), O, cx, p)]-c;. (1) Ee [f (Pr'O'a'p)-f (p, O, a, ß)] 
-Cýr(O)1 For iE EB f r, O, «, p -fc, 8, «, p Ee If r, O, a, p -fc, O, «, p e(i) is defined through 

cr(e(i)) = Eo [f (pr, 0, a, ß) - .f 
(p1,0, o, ß) -Z (f (r, e, a, ß) - .f 

(p 
7 O, c, Q))] 

In this region, the international authority's objective has slope 

EB[(ie'(i) + e(i)) (f (p� 0,1,1) -f (p,., 0,1,1)) + 

+e'(i) (f (pr, 0,1,1) -f (p 
, 0,1,1))] - 

-c 
(i). 

This gives us the following result: 

Proposition 62 Within region 2, if it exists, the international authority will never set 

i. _ 
Ee[f(p,., e, a, p)-f(pf, e, a, p)]-4(o) i EB If *, B, «, A -f c, B, c, Q . e. it will never locate at the right boundary of region 

2. 

The proposition establishes that in region 2, where e(i) is negative monotone, the inter- 

national authority is always better off allowing at least some regulatory effort: it will locate 

to the left of the point where e(i) = 0. But first we need a lemma. 

Lemma 63 Ee [f (pr, 0,1,1) -f (pf, 0,1,1)] > 0. 
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Proof. The proof proceeds in two steps. Note first that p f, p, and pc can be ordered, 

as follows: pf ? pr ? p,. " This follows from the maximization problem that pf, p, and pc 

solve: 

pf= arg max it (p, 9) 
p 

Pr = argmaxir(p, O) +-J 
ooq(t)dt 

pap 
00 

q(t)dt. P, = arg max7r(p, O) + 
ip 

P 

Since f °O q(t)dt is a decreasing function of p, the ranking of p f, p, and p, follows. 

Next, we need to show that this ranking implies a ranking over f (p, 0,1,1). But this is 

straightforward: since f (p, 0,1,1) is concave in p, and is maximized by p, the ranking of 

pf, p, and p, implies that f (pr, 0,1,1) >f (p f, 0,1,1).   

Now we can prove proposition 62: 
Ee f(Pr, O, «, Q)-f(pJ O, a+ß)]-cß. (0) 

Proof. At i=, e(i) = 0. Since e '(i) <0 in region 

2, and since EB [f (pc, 0,1,1) -f (pr, 0,1,1)] >0 and (by lemma 63) Ee [f (p,., 0,1,1) - 

f (pf, 0,1,1)] > 0, and since 4(-) > 0, we know that at the right boundary of region 2, 

we have du E9rf(Pr, e, «, Q)-f(pr, e, «e )x-4(0) 
< 0, so that moving e to the left increases the di C Eg if r, 

e, «, Q -f c, i ,ß 

international authority's objective.   

This proposition, again, is intuitive: moving away from the point where regulatory effort 

is fully crowded out gives the international authority an increased probability of winning 

out over the regulator in its price-setting. Furthermore, such a move to the left reduces 

costly effort, so it must be worthwhile. 

Region 3: 

(EoEf(PriOaß)_f(Pi9iaß)1_c'r(O) 
For iE, we have e(i) 0. The international authority's EB If r, e, «, p -f c, e, a, 

objective in this region is therefore to 

max Ee [f (p f , 
0,1 

, 1)) -c, -(i). i 

EB lf (Prýe'«"Qý-f ýPf 
ýo, a, ßýý-dr(0) 

This of course has a boundary solution, at i* -º EB , r, e, «, R -fc, e, «, R " The reason 

for this is entirely intuitive: where regulatory effort is zero, the information collected by the 
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regulator is never informative. By implication, and as a result of the informational structure 

of the model, the international authority never receives hard information about firm cost. In 

this case, reducing international authority effort does not decrease the information available 

to the international authority (and therefore does not lead to a worse outcome for the 

authority), but it reduces effort cost. This argument establishes that it is never optimal for 

the international authority to locate on the inside of region 3. 

Together with the previous result about region 2, this gives us immediately the following 

simple, and very general: 

Proposition 64 It is never in the international authority's interest to discourage all regu- 

latory effort. 

Proof. The proposition follows immediately from the discussion in the text, and from 

proposition 62.   

7.3.3 Size Effects 

The previous section has asked questions about the optimal international authority effort. 

The maintained hypothesis has been that all three regions (region 1 of no crowding out, 

region 2 of partial crowding out, and region 3 of full crowding out) exist. The robust 

conclusion was that the international authority will never crowd out regulatory effort fully. 

Furthermore, in a large number of cases, international authority behavior is discontinuous: 

either the authority will not investigate at all, or it investigates rigorously. We will study 

this last proposition in the context of a special case more rigorously below. 

First, however, we need to understand the comparative statics of the boundaries between 

regions. In this section, we ask how country size interacts with our predictions. We focus 

on determining the relative size of regions 1,2, and 3 along the e(i) function, and study 

how these regions vary with country size. 

We have the following limit result about the size of region 1: 

Proposition 65 For sufficiently (not only vanishingly) small countries, region 1 does not 

exist (so that the international authority's effort always crowds out some regulatory effort). 

For large countries, if region 1 ever exists, it becomes large (so that no regulatory effort is 

crowded out). 
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First, we need the following lemma that states that regulators in very small countries 

set prices like firms: 

Lemma 66 As ß --º 0, pr (0) --+ pf (0). 

Proof. 

p'(9) = 

00 

q(t)dt _ umoargmaxa7r(p, 
B)+ßip 

_ limo arg max 7r(p, 6) +äJ 
00 

q(t)dt 

= arg max ir(p, B) 
P 

= pr(e). 

This proves the lemma.   

We are now in a position to prove proposition 65: 

Proof. The boundary between region 1 and region 2 is i= EeIf(pr, (, «, p)-f(pf, e, a, p)]-drM 
EA 

ff pr, O^[j -f ,, e, a, p 

Since, by the previous lemma (lemma 66), limp, o p,. (9) =p f(0), for small countries this 
Eo [f (pr, O, c, Q)-f (p, 

)O, a, Q)]-cr(i) c. (1) 
boundary converges to limo-. o EB f r, O, a, p -f pc, e, a, p = EB f pr, e, a, o - f(p., O, a, o) 
But since f (p f, 0, a, 0) =af (p f, 0,1,0), and pf is the maximizer of f (p f, 0,1,0), we know 

that Ee [f (pr, 0, a, 0) -f (pc, 0, a, 0)] > 0. Furthermore, by cß,, (0) >0 and c"(-) >0 we 

know that cß,, (1) > 0. Therefore, - EB f pfeý 
ö1 

fýc, e, a, o) 
is a negative number for all cost 

E9[f(pr, ©, aß)-f pl, B, aß)}-cr(1) 
functions. By continuity of EB if r, O, a, p -f pc, O, a, p in ,ß (for ß< a), the first part of 

the proposition follows for sufficiently (not only vanishingly) small countries. 

For the second part of the proposition, note that we know from lemma 60 that for large 

countries, p, (0) -º pc(O), and therefore EB [f (pr, 0, a, , ß) -f (pc, 0, a, ß)] -+ 0. Therefore, 

if region 1 ever exists (i. e. Eo [f (pr, 0, a, ß) -f (p1,0, a,, ß)] - d. (1) > 0), region 1 grows 

without bound for sufficiently large , ß.   

Now that we know that region 1 becomes small for sufficiently small countries, we may 

ask what fills the void. The following proposition is again intuitive: for very small countries, 

regulatory and firm pricing behavior is identical, so that the regulator (and therefore, by 

implication, the international authority) will withhold all effort: 
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Proposition 67 For small countries, region 3 becomes large (neither regulator nor inter- 

national authority urill intervene). 

Proof. Recall that the left region 3 boundary is at i= EB If (P''ýe, «, Q)-f(Pr, e, «, Q)]-C;. (o) 
Ee If , -, 8, «, Q -f pc, e, «, Q 

We know from lemma 66 that, as country size becomes small, pr(6) -º p f(0), so that 
EB[f(p,, B, «, Q)-f(pý, e, «, Q)]-4',. (0) becomes a nonpositive number (since c,. (0) > 0, and Eg if r, 

e, «, Q -f o, 
e, «, Q - 

Ee [f (pr, 0, a, 0) -f (Pc, 0, a, Q)] > 0). Therefore, region 3 becomes large. We know what 

this implies about regulatory behavior since, by definition, in region 3 e(i) = 0. The im- 

plication for international authority behavior follows from the obvious fact that if e(i) = 0, 

reducing i increases the international authority's objective.   

It is worth noting that this last result applies for sufficiently (not only vanishingly) small 

countries if c',. (0) is sufficiently large. 

7.3.4 Price Distribution 

The regulator's and the international authority's effort choices induce a probability distri- 

bution over prices. Without an international authority, price pr will realize with probability 

e(0), and price pf with probability 1- e(0). With international authority, the distribu- 

tion is {(pc, i*e(i*)), (pr, (1 - i*)e(i*)), (pf, (1 - e(i*))}. Coming back to the question about 

whether consumers necessarily get a better deal when there is an international authority, 

we can now compare expected prices. In particular, price on average will be higher with an 

international regulatory authority when 

e(O) > e(i*) I 1+i*Pc -Prl (7.2) 
Pr - pf) 

Clearly, if the international authority's effort does not crowd out any regulatory effort 
(e(0) = e(i) = 1), average price when there is an international authority is lower than 

without international authority. Equally obviously, at the point of total crowding out 
(e(i) = 0), the average price with international authority (which is then just pf) is higher 

than without (when it is a, possibly degenerate, mixture between pp and p,. ). When e(i) 
is decreasing (in region 2), it is straightforward that the function on the right-hand side of 
inequality (7.2) tends to first increase with increasing i and then decrease. Whether the 

latter effect is sufficiently strong (and whether i* can be sufficiently large) is an empirical 
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question. 

More pertinent, the effort choices of national regulatory and international authorities 

induce a distribution over consumer surplus. Making use of our notation, consumer sur- 

plus from price p is f (p, 0,0,1). Without an international authority, surplus f (p,., 0,0,1) will 

realize with probability e(0), and surplus f (pf, 0,0,1) with probability 1-e(0). With an in- 

ternational regulator, the distribution is {(f (pc, 0,0,1), i*e(i*)), (f (p,., 9,0,1), (1- i*)e(i*)), 

(f (p f, 0,0,1), (1 - e(i*))}. Average consumer surplus will be higher with an international 

regulatory authority than without when 

e(o)f(p,., e, 0,1) + (1- e(o))f (pr, e, 0,1) (7.3) 
> i*e(i*) f (pc, 0,0,1) + (1- i*)e(i*) f (p,., 0,0,1) + (1 - e(i*) f (pf, 0,0,1). 

At i` = 0, this inequality obviously holds as an equality. The right-hand side of inequal- 

ity (7.3) is a function of i*. As i* increases, this function has slope 

i*e'(i*)(f (pc, 0,0,1) - f(pr, 0,0,1)) - e'(i*)(f(pf, 0,0,1) - f(pr, 0,0,1)) + 
+e(2*)(f (pc, 0,0,1) -f (pr, 0,0,1)). 

Since f (p, 0,0,1) is decreasing in p, we know that the first two terms in this sum are 

nonpositive, and the last is nonnegative. 

In region 1, where e(. ) =1 (so that e'(") = 0), this slope is therefore f (p,, 9,0,1) - 
f (pr, 0,0,1) > 0. We know from proposition 65 that, for large countries, if region 1 

ever exists, it becomes large. We also know that, for large countries, pr --+ pc, so that 

f (pc, 0,0,1) -f (p,., 0,0,1) -º 0. Therefore, if region 1 ever exists, for large countries, ex- 

petted consumer surplus is the same both with and without an international authority. 

If region 1 does not exist, then we have the result that, at least for sufficiently large 

countries (where pr -º p,, ), this slope is negative, so that inequality (7.3) holds. In this illus- 

trative case, expected consumer surplus is lower when an international authority "regulates 

the regulator. " 
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7.3.5 Discussion 

The nature of the externality between regulator and international authority lies in the 

efficiency of the information flow from regulator to international authority. In our model, 

greater international regulatory authority effort leads to regulatory "crowding out" because 

it reduces the probability that the regulator sees its preferred price imposed on the firm. 

At the same time, regulatory effort determines the quality of information available to the 

international authority. We have chosen to model this informational assumption such that 

the information potentially available to the international regulatory authority is a subset 

of the national regulator's information. The feature of differential quality of information is 

crucial to our model: as argued above, it opens up the possibility for potentially damaging 

external effects. Modelling the quality of information as two nested sets is clearly an extreme 

modelling choice. However, it is obvious that the main features of our model rely only on the 

relative coarseness of the international regulatory authority's information and will therefore 

survive a less extreme modelling assumption. 

7.4 Some Special Cases 

We can obtain sharper predictions about national regulatory and international authority 
behavior by placing restrictions on the cost functions of national regulator and international 

regulatory authority. First consider a regulator with constant unit cost of effort. 

7.4.1 Case 1 

Consider a regulator with constant unit cost of effort, c,. (e) = ke. This gives us an affine 

objective function which has a boundary solution. This regulator will therefore choose e=1 
if 

Eo [if (Pc, 0, a, Q) + (1 - i) f (Pr, 0, a, Q)] -k> EB [f (pf, e, a, /3)] , 

and e=0 otherwise. This gives us the following step function e(i): 

1 for i< 
Ea f(Pr, O, c, ß)-1 Pf, O, a, Q -k Be 

- c, , cx, ß 

0 for i> 
EB f(Pr, B, a, A)-f Pj, O, a, Q -k 

E6 f r, e, a, ß -f c, e, «, h+) 
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Note also that this result is a limit result for the general e(i) function derived in section 

7.3: for cr(e) = lie, c(0) = c. (1) = k, so that the boundaries between region 1 and region 

2 and between region 2 and region 3 coincide. The linear cost function cuts out region 2. 

Note also that in this case, the international authority's objective will be discontinuous 
Ee [f (p,., O, «, Q)- f (pr 1e, «, Q)1-k 

at the point i= EB f r, e, a, p -f., 0, «, p 

lim Eo[i (e(i) f (pc, 8,1,1) + (1- e(i)) f (pf, 8,1,1)) + 

(e(i) f (p,., 8,1,1) + (1- e(i)) f (p f, 0,1,1))] - cc(i) 

= EB[Zf (Pc)e, 1,1) + (1 - Z) 
,f 

(Pr, e, 1,1)J - cr(i) 

and 

lim Eo[i (e (i) f (pc, 8,1,1) + (1 - e(i)) f (pf, 8,1,1)) + 

+ (1 - i) (e(i) f (pr, 0,1,1) + (1 - e(i)) f (p f, 8,1,1))] - c. (i) 

= EB[if (pf , e, 1,1) + (1- Z) f (Pr, e, l, 1)1 -c (¬) 

Since pc maximizes f (p, 0,1,1), we know that f (p,, 0,1,1) >f (Pf, 0,1,1), so that the "step" 

Eq 1f (pr, O, a, R)_f (Pf, e, «, R)] -k is a "step down. " Further, since the international author- at i= Eq if r, B, a, R -f c, e, «, R 
E9 f(Pr, B, a, R)-f nf, B, a, R k 

ity's objective is monotone decreasing for i> Ee If r, e, «, R -f C, B, q, R)1 
(by the familiar 

argument: regulatory effort is zero, so increasing international authority effort brings no 

benefits, but is costly), we know that the objective for i> Eaf(pr, B, a, R)-f pr, o, «, R -k 
Ee f r, e, a, R _f o, B, a, R can 

EB If (pr, O, a, ß)-f pf, O, a, R -k 
never be greater than for i< Eq If r, B, a, R -fc, e, «, R . 

Therefore, the behavior of the 

objective in region 1 determines entirely where (in region 1) the international authority will 
Eo If (P, -f (Pf, e, «, R)]-k 

locate. It will never set i` > EB f r, e, «, R -f-, B, a, R 
If the international authority's cost function is also linear, c, (i) = ni, we can say more 

about the international authority's behavior. We already know that we need only study the 

objective function in region 1, where e(i) =1. With linear cost, we will obtain a boundary 

solution, so that the international authority will choose i* =0 if 'c > Eo [f (P, 0,1,1) - 

, ß)1 otherwise. 32 Es [f f (pr, 0,17 1)) and will choose i* =Ef *OIf(pr, 
B, 

, 
'R, P-f -(fpf' CB, 

'B, 
QP) 

32This last conclusion is robust: Whenever the international authority has a linear cost function, its 
behavior in region 1 will be at the boundary: either it will withhold all effort, or it will investigate with 
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This case gives us a polarized result: Either the international regulatory authority never 

intervenes, or it intervenes with a probability such that the regulator is just indifferent 

between investing full and investing no effort. That is, we should observe the international 

authority either to do nothing, or to "throw the book" at a regulated firm. Further, in 

equilibrium we would always expect to see the regulator dedicate full effort to investigation 

of the firm's cost structure. Recalling the interpretation of effort as the probability of 

"success" (obtaining verifiable information), the testable implication of this result is that 

we should always see the national regulator (or the international authority) trumping the 

firm's own price. 

The regulator's cost-of-effort function of course depends on the industry it regulates. For 

instance, a firm producing a large number of differentiated goods (so that cost allocation 

is an issue) is "harder" to regulate than a single-good monopolist; a cost-structure highly 

sensitive to random factors is "harder" to investigate than one that is not; etc. The case of 

linear cost-of-investigation, while clearly extreme, may be a pointer to one of the reasons 

why we would always expect certain industries to be regulated, while others are only subject 

to regulator-imposed pricing from time to time. 

7.4.2 Case 2 

We know that the international authority will never want to locate in region 3. If it locates 

in region 2, can we say more about where precisely? Given a set of assumptions on the 

national regulatory and international regulatory authority cost-of-effort functions, we obtain 

a sharp result. 

Consider the case where both regulator and international authority have a quadratic 

cost-of-effort function, cr(x) = cc(x) = 2x2. About this case we have the following surprising 

result: 33 

Proposition 68 With quadratic cost-of-effort, the upper bound on international authority 

effort is half the right boundary of region 2. 

effort level of at least the level at the right boundary of region 1. 
33One may ask whether the restriction of the cost-of-effort function to c,. (e) = lee, and c, (i) = 2i2 is 

essential, rather than choosing ke2 (ýci2, respectively). The answer is no. As can easily be ascertained, as 
long as k>0, rc > 0, the result still holds. c,. (e) = 2e2, and cr(i) = 2i2 are chosen for presentational ease. 
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Proof. With quadratic cost-of-effort, the right boundary of region 2 is 

4Jf (Pr. 0, Q, ß)-f Pf, e. a'0 
. 

From the regulator's maximization problem, given quadratic cost, 
.- Pc, e, a. A 

we obtain immediately 

e(i) = Eo [f (Pr, 8, a, ß) -f (Pl, e, a, ß)] - iEe [f (Pr, e, a, ß) -f (pc, B, a, Q)I , 

with 

i '(i) = -EB [f (Pr, e, a, ß) - .f 
(Pc, 9, a, ß)A 

Recall the international authority's objective u(i), with derivative: 

du(i) 
_ E©[(ie'(i) + e(i)) (f (p� 0,1,1) -f (pr, 0,1,1)) + 

di 

+e'(i) (f (pr, 8,1,1) -f (Pf, 0,1,1))] - 

-el 
(i). 

Substituting into this, we have as a first-order condition for maximization of u(i) in region 

2: 

0= {E© [f (pr, o, «, Q) -f (pf , e, «, Q)] - Zi* EB [f (p,, e, a, Q) -f (p,, e, «, ß)] }. 

Eo[f (pc, 0,1,1) -f (pr, 0,1,1)] - 

-EB [f (P*, 0, «, ß) -f (pc, e, «, ß)] Ea [f (p, r, 0,1,1) -f (Pf, 0,1,1)] - i*, 

or 

E© [f (Pr, 0, a, Q) -f (Pf, e, a) Q)I EoEf (Pc, e, 1, l) -f (Pr, 0,1,1)1 

Z-1+ 2Ee [f (Pr, o, a, Q) -f (Pc, 0, «, Q)] Ee [f (Pc, 0,1,1) -f (PT, 0,1,1)] 
E© Lf (Pr, B, a, ß) -f (Pc, e, a, l3)] EB [f (Pr, 0,1,1) -f (p f, 0,1,1)] 

1+ 2E© [f (Pr, e, a, ß) -f (Pc, e, a, Q)I Eo[f (Pc, e, 1, l) -f (Pr, 0,1,1)) 

Consider the two summands separately. Since Eo [f (pr, 0, a, ß) -f (p f, 0, a, ß)] >0 and 

Eo[f (pc, 0,1,1) -f (p,., 0,1,1)] >0 (by the now familiar argument from maximization) we 
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E9 [f (Pr, O, a, ß)-f PJ, O, a, Q Ee[f (Pc, e, 1,1)-f (Pr, e, 1,1)] 1 Ee [f (Pr, e, a, Q)-f Pf +B, aß 34 have 
1+2E9 f r, 9, aß c, e, c ,ß E9 f c, e, 1,1 -f r, e, 1,1 1<2 E9 f r, e, a, ß -f c, B, cx, Q 

For es- 

sentially the same reason, and making use of lemma 63, we also know that 
E9Ef(Pr, O, Q, R)-f(Pc, e, ck. A)lEe[f(Pr, 0,1,1)-} Pr, 0,1,1 1>0. The conclusion, therefore, that 1+2E0 f r, B, a, P -f c, e a, R Ee f e, e, 1,1 -f r, e, l, 1 

i* 1 EB f(Pr'B'a'A)-f Pj'8'. MJ3 follows directly. 2 Ee f r, e, «, A -f c, e, «, A 

That this is indeed the maximum, not a minimum, can be seen from the second-order 

condition, which holds: 

d2u(i) 
die = EB[(ie"(i) + 2e'(i)) (f (p� O, 1,1) -f (p,., e, 1,1)) + 

+e"(i) (f (Pr, 0,1,1) -f (pf, 0,1,1))] - cc (z) 

= Eo[2e'(i) (1(P0,0,1,1) -f (Pr, 9,1,1)) - cc (2) < 0. 

(The equality follows because, with quadratic cost-of-effort, e(i) is linear, so that e"(i) = 0; 

the inequality follows since in region 2 e(i) < 0, f (pa, 0,1,1) -f (Pr, 0,1,1) > 0, and 
di (i) > o. ) . 

This result is surprising: it allows us to make the sharp prediction that the international 

authority will never wish to reduce the regulator's effort below e=2.35 This follows from 

the fact that, with quadratic cost-of-effort, the e(i) function is affine; since it decreases 

linearly from a value of one to a value of zero over the length of region 2, and we know 

that the international authority will never wish to locate more than halfway into region 2 

(depending on the size of region 1 possibly much less), it will never crowd out regulatory 

effort to a point below e=2. 

Again, the testable implication is that we should expect the regulator (or the inter- 

national authority) to "win out" over the firm in at least (and likely more than) half the 

number of cases in which the regulator starts an investigation. 

7.5 Further Issues 

This section discusses some extensions of the model. First, we simulate a simple numerical 

version of special cases 1 and 2. We then consider the case in which the international 

34The expression is of the form 
1+26c = =z C= la 

, The inequality follows for ac > 0. 
35 Unless, because of country size effects, the 

regulator's effort in the absence of an international authority 
would be below e= 12 

. 
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authority sets its investigation effort for more than one country, but cannot discriminate 

in its allocation of effort between countries. The following subsection remarks briefly on 

opportunities for collusion in our model. Finally, we discuss in more detail the informational 

structure in our model, and why we have chosen to model informational opportunities as a 

pair of nested sets. 

7.5.1 Numerical Examples 

Some of the results from section 7.4 can be simulated. We use a linear demand curve, 

q(p) =a- bp, and a uniform prior distribution over cost (0 is U[0, b]). 
36 We can illustrate 

the special cases (case 1 and case 2, above) for specific, purely illustrative, parameter values. 

All figures are in the appendix to this chapter. 

Case 1: 

Figure 7.1 illustrates, for a linear cost-of-effort function for the regulator (case 1) of c,. (e) = 
ke, and for parameter values a= 20, b=1, a=1, /3 = 0.5, k=1, the graph of e(i), 

and, for a linear cost-of-effort function for the international authority of c, (i) = ici, and 

values of tc ranging between 1 and 9, the graphs of u(i). Note the predicted discontinuity 

in u(i) and the predicted polarization of international authority effort (i. e. either i* =0 or 
Ee [f (pr, O, a, A)-f pr, O, a, p 

R-k) Ee f *, e, a, P -f c, B, a, 

Case 2: 

Figure 7.2 presents, for parameter values a= 20, b=1, a=1, and for Q ranging between 

0.25 and 0.95, the regulator's optimal response function e(i), and the international author- 

ity's objective. Kinks indicate the boundaries between regions 1 and 2 and regions 2 and 

3. Figure 7.2 illustrates the proposition that the international authority never wishes to 

locate in region 3, that regulatory effort will never be below 2, and that comparative statics 

on country size (varying ß) have the predicted effect on the relative sizes of regions 1 and 

3. Experimentation with different values of a, b, and a revealed no qualitatively different 

results. 

36 We choose this distribution for convenience: the assumption implies that the highest cost firm can choose 
the monopoly markup over cost and yet produce nonnegative output. 
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7.5.2 No Country-by-Country Discrimination 

In our discussion in sections 7.3 and 7.4 we assumed that the international authority could 

set its optimal investigation strategy tailored to each country it was investigating. In prac- 

tice, it seems unlikely that international authorities can discriminate so finely in the ally 

cation of effort across countries. 

From what we know from section 7.3, for small countries, the size of region 3 is relatively 

large; for large countries, region 1 becomes large (if it ever exists). We also know (from 

proposition 64) that the international authority never wishes to crowd out all regulatory 

effort if it can tailor its investigation effort to each country; that is, it will investigate 

relatively little in the small country (in which region 3, the region of full crowding out, is 

large). We have also found that, within region one (which is large for large countries), the 

authority will investigate either not at all or with some degree of rigor. For illustration, 

consider the case in which, in the large country, the authority investigates "rigorously. " In 

this case it is straightforward that, if the international authority is restricted to setting the 

same level of investigation effort i for both countries, it will investigate relatively less in the 

large country, and investigate relatively more in the small country. The problem here might 

be that for the small country, regulatory effort is already low (if no region 1 exists), so that 

international authority investigation at a higher level may crowd out national regulatory 

effort completely. 

7.5.3 Collusion 

Hierarchical principal-supervisor-agent models allow the study of collusion, and the effect 

this possibility has on the equilibrium allocation of effort and monetary transfers (cf. the 

discussion in section 7.1.4, above). Since our model incorporates elements from the literature 

on hierarchies, the question of the possibility of collusion in our context naturally arises. 

In our model, we have excluded the possibility of collusion. We have ignored this 

possibility in the present paper because the enforceability of collusive side-contracts in the 

setting that we chose to model (that of European competition law enforcement) is at least 

questionable. A few remarks on collusion, however, are in order. 
Clearly, there is scope for collusion in our model: the firm, for instance, could pay the 

regulator not to acquire information, and in exchange agree to lower its price. The question 
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then is: how does the regulator know that the firm is keeping its part of the (side) contract? 

The conjecture is that some regulatory information-gathering will still be optimal, and in 

this case, the externality between national regulator and international regulatory authority 

that we focus on in this paper continues to arise. The other option for the firm would be to 

bribe the regulator not to reveal its information to the international authority. We assume 

that this is effectively prevented by the setup of our problem: the European Commission 

can, by Regulation 17 (11), require national antitrust enforcement agencies to make available 

all relevant information. 

Is there an incentive for international authority and regulator to collude (i. e. to co- 

operate)? For instance, the international authority may want to pay the regulator to obtain 

(and share) full information, and then agree to regulate at a price between its own preferred 

price and the regulator's preferred price. The collusively set price would then maximize the 

sum of regulator's and international authority's payoff, that is it would solve 

Pcou (0) = Max .f 
(P, O, a, ß) + 

.f 
(p, O, 1,1) - cr (1) - ßc (0). 

(Note that by assumption c,, (0) = 0. ) The scope for collusion then depends on whether 

there exists some side transfer t that makes both the regulator better off than it would be 

in equilibrium, i. e. 

E0 [f(1 zz, e, a, ß)] - Cr(1) +t 

> EB [(1 - e(Z*)) f (pf 
s 
ee «, Q) + e(2*) (Z*. f (pc, 0, a, 0) + (1 - 2*) f (pr, e, a, )3))l - 

-cr(e(i*)), 

and that makes the international authority better off than in equilibrium: 

EB[f(p��1z, 0,1,1)l -t 

> Eo[i* (e(i*) f (p�0,1,1) + (1 - e(i*)) f (pf, 6,1,1)) + 

+ (1 - i*) (e(i*)f (Pr, 0,1,1) + (1 - e(i*)) f (pf, e, 1,1))l - e. (i*). 

This defines an interval within which such a transfer payment has to reside. 
One factor that makes the existence of such a transfer more likely is the case where, 
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ceteris paribus, the regulator's equilibrium effort is low. This is the case, for instance, in 

small countries (proposition 65). In this case, the international authority has much to gain 

from bribing the regulator to acquire, and share, full information. A cynical interpretation 

of this result is that it suggests that small member states of the European Union tend to 

receive higher economic aid subsidies in part because their national regulatory authorities 

would not otherwise spend sufficient investigation effort. 

Similarly, an obvious result is that, in the limit, as regulator's and international author- 

ity's preferences are perfectly aligned (so that we have a =, 3 = 1; pT = pc = pcott; e(. ) = 1, 

from proposition 65; and i* = 0), there will of course always exist such a t. In the limit, we 

obtain 

0<t< cc(i*). 

Continuity ensures that some t like this also exists for sufficiently large countries. 

7.5.4 Information Structure 

We have chosen a very specific structure of the interaction of the timing of the model and 
the availability of information to regulator and international authority. In particular, we 
have assumed that the international regulatory authority can only observe the firm's cost 

when the regulator has received "hard" information about firm cost. This created the nested 
information structure that this paper has exploited. Clearly, other modelling choices could 
have been made. 

A limiting case is that of informational independence: Whether or not the regulator 

observes firm cost (it observes cost with probability e and does not observe cost with prob- 

ability (1 - e)), the international authority observes cost with probability i. The regulator 

therefore seeks to 

max Eo [(1- e) (if (Pc, O, a, ß) + (1-i) f (pf, O, a, Q)) + 

+e (if (c, e, a,, 6) + (1 - i) f (pT, B, c,,, 6))] - e, (e) 

= max EB [if (Pc, O, a, ß) + (1 - e) (1- i) f (Pf, O, a, Q) +e (1 - i) f (pr, O, a, Q)] - c* (e), 
e 
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with the first-order condition 

c (e(i)) = Ee [(1 - i) (f (Pr, 0, a, Q) -f (Pf, O, a, ß))] 

Again, we obtain an externality from international authority to regulator: higher interna- 

tional authority effort implies lower regulatory effort. By comparison with equation (7.1), we 

see that whether regulatory effort is crowded out more strongly in this model depends on the 

relative sizes of Ee [f (p,., 9, a, ß) -f (p f, 6, a, /3)] and EB [(1 - i) (f (pr, 9, a, ß) - 

f (pc, O, a, p))]. But there is no externality on the international authority comparable to 

that examined in this paper: the international authority's information set depends only 

on its own effort choice, not on that by the regulator (although the externality through 

the pricing implication of the regulator's lower effort persists). In general, in a model like 

this one should expect greater international authority involvement. One would use this 

modelling approach if both the international authority and the regulatory authorities had 

identical powers of investigation. As we have seen in section 7.1.1, in the European Union 

this is not the case. It is for this reason that our interest in this paper is in modelling 

externalities imposed by two competing principals on each other, and hence we have chosen 

the nested information structure above. 

More generally, the information structure under which the international authority op- 

erates is, of course, a choice variable for the designer of the hierarchical structure (the 

legislator; for instance, parliament). Independent investigation by the international reg- 

ulatory authority is, of course, costly: it loses information already acquired by national 

authorities. This opens up the larger question of how hierarchies should be structured op- 

timally. While this paper has explored some of the implications of one specific structure 
(nested information), this larger question is beyond the scope of this paper. 

A further modelling option would have been to give the international regulatory author- 
ity a certain amount of autonomy in its investigation: While the regulator's effort influences 

the probability of success of the international authority's effort, the international authority 

may be able to obtain hard information, even if the regulator has happened not to observe 
firm cost. We could model this as follows: The signal sE {O, O} that the international au- 

thority obtains could be such that Pr{s = Ole, i} =e"i, so that the probability distribution 

199 



over pricing outcomes is {(pc, e" i), (p,., e(1 -e" i)), (pf, (1 - e)(1 -e" i))}. The regulator 

therefore seeks to 

max Eo [(1 - e) (1 - ei) f (p f, 6, a, 0)+e (1 - ei) f (pr, B, a, ß) + ei f (P,, 9, a,, ß)1 - c,. (e), 
e 

with the first-order condition 

cr(e(i)) = (2e(i)i -i- 1) f (f, 0, a, Q) + (1 - 2e(i)i)f (pr, 0, a, 0) + if (pc, 0, a, 0) 

The resulting function e(i) has derivative 

de(i) (f (Pc, O, a, Q) -f (pf, O, a, Q)) - 2e(i) (f (p,, O, a, Q) -f (Pf, O, a, Q)) 

di c'r (e(i)) + 2i(f (p 
, O, a, )3) -f (pf, O, a,, 3)) 

Here we cannot even prove in general that regulatory effort is crowded out-this depends 

on the size of 29(i) (f (pr, 0^0) Q) - ,f pf, B, a, Q)) relative to 
.f 

(p,, 8, a, 0) -f (pf, 8, a, )3). 37 

This also illustrates the increase in the model's computational complexity at, presumably, 

little informational benefit. 

We have chosen to focus on an admittedly limiting case of nested information sets be- 

cause we believe it brings out an important aspect of the structure of European competition 

law enforcement: the relative poverty of the Commission's means of investigation, relative 

to those possessed by member states. In our model, all the international authority can do 

is request material previously acquired by antitrust enforcement agencies in member states. 

We believe that our results are still informative of actual decision mechanisms. 

7.5.5 Future Research 

In this paper, we have studied the hierarchy of a national industry regulator and an interna- 

tional authority that engages in price regulation. An interesting extension of this problem 
is to model the hierarchy of a national and an international antitrust enforcement author- 

37 For instance, with linear demand q(p) =a- bp, quadratic cost (c(e) = 2e2) and uniform distribution of 
cost, the function e(i) is monotone decreasing if, and only if, 

a2 -12(2a - 3ß)(-2a + ß)2 
b> ßa 
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ity. Clearly competition law has implications beyond price, for instance on the formation 

of mergers; the structure of pricing (for instance, price maintenance, price discrimination 

issues, etc. ); the tying of retailers; and so forth. Having disposed of the relatively simple 

pure price regulation case first, we leave this topic to future research. 

7.6 Conclusion 

This paper has examined the restrictions placed on the action space of an international 

competition authority that interacts with a set of subsidiary national industry regulators. 

We have isolated an important limiting factor on the set of actions an international compe- 

tition authority (in its price regulating function) would wish to take. This limiting factor is 

the reciprocal externality the international authority imposes by increasing its investigation 

intensity: the more closely the agency monitors an industry (and therefore the more often it 

will overrule the regulator's decision with its own), the lower the incentive for the industry 

regulator also to invest effort into regulation of the industry. But this has implications 

for the international authority. Lower regulatory effort in general has two implications for 

the international authority: First, lower regulatory effort implies that the monopoly firm's 

pricing decision prevails relatively more often. But secondly, and this is the effect this paper 

has sought to isolate, lower regulatory effort may imply that less information is available to 

the international authority on which to base its pricing decision. The mechanism we have 

exploited in this paper is the observation that, under European Union antitrust law, the 

European Commission's (the international authority's) powers of investigation are clearly 

subordinate to the member state authorities' powers. The modelling tool we have used is 

to view the information available to the international authority as a subset of the informa- 

tion obtained by the regulator. This approach, while clearly extreme, allows us to focus 

more clearly on the nature of the bilateral externality between international authority and 

industry regulator. 

The most general result from our model is that international authorities have to be 

wary of overregulation: the more the international authority investigates, the more the 

regulator aligns itself with the interests of the regulated firm. This is a novel twist on the 

old regulatory capture hypothesis. 
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More specifically, the results we obtain from our model are limiting results. We can 

derive bounds on the international authority's actions that should be observed. In particu- 

lar, we predict that regulatory effort will never be completely crowded out by international 

authority investigation. We obtain a surprisingly sharp limiting result in a special case, that 

predicts that regulatory effort is never crowded out by more than 50%. We also have a re- 

sult that suggests that international authorities should either do nothing or investigate with 

some degree of rigor: dabbling, our model suggests, under a wide range of circumstances, 

is not optimal. 

The results from the present paper should give material for thought to policy designers 

and economists alike. To policy designers who set the budget for international authorities, 

the advice is that more is not always better. To the economist, a note of caution: there is 

much that we still have to learn about the interaction of authorities in hierarchical structures 

that compete for policy outcomes. 
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7.7 Appendix 

This appendix contains the numerical examples referred to in section 7.5. 
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Figure 7.1: Numerical Example: e(i), u(i) for Parameter Values a= 20, b=1, a=1, 
Q=0.5, k=1 
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