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ABSTRACT

Recent research on regulation have concentrated on studying ways of
controlling continuous sources of pollution such as SO, and CO, emissions by
means of permit trading and carbon taxes. However, the oil spill in the Gulf of
Mexico after the Deepwater Horizon blowout and the red-mud tailings spill in
Hungary in 2010 have shown that accidental pollution can also generate serious
social damages. Regulating accidental pollution in natural-resource industries
with some degree of market power, such as in the oil and mining industries, has
been an elusive topic in the literature and in policy debates. Guaranteeing the
viability of mineral and energy activities when people around the world demand
more regulations to protect the environment and control anticompetitive
practices requires a public governance system that balances the interests of the
State and the mineral and energy companies and that regulates multiple market
failures. The objective of this dissertation is to study how to organize and
administer this governance system by analyzing the optimal way to achieve the
right balance among the interests of these different participants in the mining
and energy industries and by adopting a holistic analytical approach that
combines economics, law, and politics. The dissertation develops an optimal
multi-tier principal-agent model where the State regulates accidental pollution
and market power, taking into account the problems of corruption, moral hazard,
the random nature of accidental pollution, and the organization of regulatory
institutions. Instruments such as monitoring, fines, and nonmonetary penalties
are identified as optimal policy tools in a second-best setting. We analyze the
applicability of the model using real case studies from the mining and energy
industries. Finally, we present the policy implications of our theoretical analysis

for the U.S.A. and Peru.

JEL Classification: D82, D73, D86, K21, K42, L.40, L51, Q48, Q50
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INTRODUCTION

Since the end of the Cold War the world has experienced a dramatic series
of changes that have reshaped the global economic panorama. Changes such as
the improvement of communication systems and computing, the globalization of
economic transactions, the increasing reliance on international trade to foster
development, the geographical diversification of industrial and natural-resource
production, the consolidation and concentration of many transnational industries,
and the implementation of structural reforms to liberalize domestic markets have
contributed to foster the development process of countries such as China, India,
Brazil, Russia, as well as East European and Asian nations. Consequently, the
demand for raw materials and natural-resource commodities such as oil, natural
gas, and mining products (e.g., copper, silver, iron ore, rare earths, gold) in these
economies has steadily grown (Radetzki 2006).

The increasing demand for mineral and energy commodities has stimulated
investment projects to open new mines and oil fields, as well as to expand
existing natural-resource deposits in different jurisdictions, especially Africa,
South America, Canada, Southeast Asia, Australia, and the U.S.A. This trend is
increasing the frequency of accidents involving sudden bursts of pollution (e.g.,
oil spills, gas leakages, oil rig blowouts, mining avalanches, power plant
explosions, coal-bed methane explosions, accidental deforestation, and spills from
hazardous-waste dumps such as mineral tailings ponds) with catastrophic
consequences for the environment and human health in different mineral and oil
producing countries. Two recent examples of accidents involving large discharges
of pollution are the oil spill in the Gulf of Mexico after the Deepwater Horizon oil
rig blowout and the red-mud alumina tailings spill in Hungary in 2010.

In addition, the consolidation process of the mining and energy industries
during the recent commodity boom has increased the level of concentration in

different commodity markets (Davis and Vasquez 2011).



The occurrence of accidental pollution and market power in the mineral
and energy industries have raised concerns about economic efficiency, the quality
of the environment, and human living conditions. The Internet boom has allowed
common citizens and native communities to be aware of the adverse consequences
of unregulated industrial activities. Hence, citizens are constantly demanding
more regulations and governmental controls on the behavior of resource

companies to protect them from “dirty activities” and high prices.

Description of the Problem

Regulating accidental pollution in the mineral and energy industries is
difficult because accidental pollution involves four interrelated market failures: a)
the uncertain external cost (random externality) that accidental pollution
transmits to society, b) moral hazard, ¢) market power, and d) corruption.

Regarding the first market failure, the random nature of accidental
pollution impedes a precise estimation of the magnitude of its external costs,
making impossible the use of environmental policy instruments like emission
charges, green taxes, subsidies, or permit trading, which are designed to deal with
continuous sources of pollution that generate fairly predictable external costs.
While these instruments affect economic behavior in the long run, they are not
flexible enough to respond to short-run bursts of accidental pollution because
their adjustment generally requires going through a legislative process in
Congress. Even worse, many times the applicability of these instruments is not
feasible due to political restrictions. The regulation of accidental pollution
requires the use of flexible instruments that can be adjusted quickly to control
short-run unpredictable external costs. Hence, traditional command-and-control
instruments such as direct controls (e.g., monetary and nonmonetary penalties,
detection, and monitoring) become the flexible tools needed to control the
frequency of accidental pollution since environmental protection agencies can
modify them depending on each particular case without the need to go to

Congress (Baumol and Oates 1988).



Despite command-and-control instruments being very popular among
regulators and practitioners, they are very unpopular amongst environmental
economists who regard them as inefficient policy tools because they may fail to
provide the right incentives to internalize pollution. However, the law and
economics literature (Becker 1968, Polinsky and Shavell 2007) has pointed out
that command-and-control tools such as fines and monitoring can induce
incentives to comply with regulations provided they are well designed and
implemented following economic principles that consider the economic rationality
behind illegal behavior.

With respect to the second market failure, moral hazard occurs when
mining and energy companies perform actions to reduce the occurrence of
accidents (e.g., effort to comply safety and environmental standards), but these
actions are not entirely observed by public regulators. This situation generates an
informational asymmetry between the companies (which have an informational
advantage) and the government (which does not observe firms’ hidden actions).
Moral hazard has been typically analyzed by means of hierarchical frameworks
such as the principal-agent model in which the government (principal) oversees
the behavior of a regulated party (the agent) empowered with more information.
Implementing a regulatory scheme to control accidental pollution in a context
plagued with informational asymmetries requires a detailed analysis of the
incentives that drive the behavior of the participants of the “regulatory game”
and the identification of the institutional organization under which regulatory
policies are implemented (Laffont and Tirole 1993).

On top of random externalities and moral hazard, we have a two-fold
problem of market power that can arise in mineral and energy markets. One form
of market power is price setting. Resource companies can obtain a dominant
position (e.g., monopolist or oligopolist) in domestic markets and become price
setters by conducting anticompetitive practices (e.g., price discrimination,
predatory pricing, dumping, and bid rigging) that have distorting effects in the
allocation of resources. This is the conventional view of market power (Tirole
1988), and antitrust policy is the common mechanism to regulate this market

failure (Viscusi, Vernon and Harrington 2005).



Another problem is the capability to control public institutions through
regulatory capture (Stigler 1971). This kind of market power operates through
the establishment of “private collusive deals” or “hidden side contracts”
(involving transactions outside of the market) between regulated firms and public
officials, seeking to corrupt regulators so as to obtain favorable regulations for the
industry. The corruption of public regulators through bribes, framing, revolving
doors, lobbying, and extortion actually generates a situation of bilateral
monopoly between the interest group behind the hidden deals and the regulators.
In this sense, interest groups can use their contractual power to affect market
outcomes indirectly by capturing public officials (Laffont and Tirole 1993). Given
the hidden nature of side contracting, moral hazard also arises in this context
since the government (the principal) does not observe the behavior of regulated
entities and public regulators (the agents) regarding the establishment of
collusive deals. This problem exacerbates the informational asymmetries among
the participant of a public institutional regulatory organization.

The occurrence of random externalities related to accidental pollution, the
problem of moral hazard, the existence of market power, and the possibility of
regulatory capture make the regulation of mining and energy industries
challenging. This situation is worsened since public regulatory capabilities are
being pushed to the limit in different jurisdictions. This is because of the lack of
specialized human resources to deal with the regulation of multiple market
failures occurring simultaneously, the complexities of mining and energy
operations, tighter budget constraints, the intricacy of legal systems on which
regulatory institutions are established, preexisting legal liability limits, and the
institutional weaknesses of existing regulatory systems that make them fragile
and predisposed to corruption (Laffont 2005).

The multiple market failures occurring in mining and energy markets also
generate an important problem of policy coordination because environmental and
antitrust regulators have different policy objectives. On the one hand,
environmental agencies’ main objective is to protect the environment by
controlling pollution discharges. The implementation of this objective requires

policy measures that finally increase the costs of production, contracting the



supply of these commodities. On the other hand, the antitrust commissions’ main
target is to foster competition and control abuses of market power in
concentrated markets. In order to do that, the antitrust regulators use policies
that stimulate more production, which increases supply. Hence, there is a
fundamental tradeoff between antitrust and environmental policies for regulating
mineral and energy markets. An improper management of this tradeoff may
generate byproduct distortions that may adversely affect the functioning of the
economy (Corden 1997). The existing literature has not analyzed this tradeoff in
a context where the presence of moral hazard and the risk of regulatory capture

are important.

Motivation and Objective of the Dissertation

Guaranteeing the viability of mineral and energy activities when several
market failures occur and when more regulations to protect the environment and
control anticompetitive practices are demanded motivates the study of a proper
public governance system that balances the interests of the State (represented by
the government), the mineral and energy companies, and the consumers (the civil
society), that regulates the multiple market failures mentioned above, and that
addresses several policy tradeoffs.

The purpose of this dissertation is to study how to organize and
administer this kind of governance system by analyzing the way to achieve
maximum social welfare given the interests of these different participants in the
mining and energy industries. In order to attain this objective, the dissertation
develops an optimal public governance system that simultaneously regulates
accidental pollution and market power, taking into account the problems of
corruption, moral hazard, the random nature of accidental pollution, and the

organization of regulatory institutions.



Research Questions and Scientific Contribution

The existing literature provides useful insights on several issues that the
dissertation covers, specifically the dynamic modeling of regulatory systems, the
interaction of different players in a regulatory game, the control of random
externalities, the modeling of corruption, and the optimal law enforcement of
regulations under uncertainty. Nevertheless, none of the existing research in the
literature deals specifically with developing an integrated optimal regulatory
governance system to simultaneously regulate accidental pollution and market
power in the mining and energy sectors. Our aim is to contribute to fill this gap.
In order to do that, the dissertation examines the four research questions
presented in the table below for the mining and energy industries. Research

questions 3 and 4 are addressed for the cases of U.S.A. and Peru.

Research Questions of the Dissertation

e Which are the policy tradeoffs when administering antitrust and environmental
enforcement actions inside a regulatory institutional organization affected by
moral hazard and corruption?

e How can we analyze the interaction between antitrust and environmental
enforcement policies in the mining and energy industries considering the
complexities of the institutional organizations that administer them?

e What are the optimal policy instruments to regulate accidental pollution and
market power? Do they differ from those applied in practice?

e How can the State use optimal policy instruments to enforce environmental and
antitrust standards in the mining and energy industries?

Addressing these research questions requires a holistic approach that
integrates different branches of economics and political science. The dissertation

contributes to the existing literature by integrating and synthesizing in an



analytical regulatory framework the contributions of industrial organization and
game theory, law and economics, contract theory and asymmetric information,
political economy, and environmental economics in order to obtain new policy
insights regarding the optimal way to regulate accidental pollution and market
power in a context where failures in information and corruption are important
concerns.

In this sense, the dissertation addresses the shortcomings of existing
theoretical regulatory frameworks proposed in the literature by developing an
integrated and consistent model to analyze what optimal policies can be used to
control the occurrence of accidental pollution, the abuse of market power, and
the effects of corruption on the performance of public regulation in natural-

resource industries.

Organization of the Dissertation

The dissertation is divided into this introduction and seven subsequent
chapters. Chapters 1 and 2 provide the background about the legal systems and
the institutional organization ruling the regulation of environmental and antitrust
affairs of mineral and energy industries in the U.S.A and Peru. The comparison
of the environmental and antitrust regulatory systems in these countries will
allow identifying the relevant institutional features that environmental and
antitrust regulatory organizations exhibit in practice. These features will be used
to develop a unified theoretical framework (performed in Chapters 3 and 4) to
analyze the optimal way to regulate accidental pollution and market power in the
mineral and energy industries.

Chapter 3 presents a review of the literature that is relevant to this
dissertation and addresses our first research question. Along with a general
background on the analytical tools to understand public law enforcement,
random externalities, moral hazard and asymmetric information, market power
exercise, and corruption, we take an in-depth look at how other research efforts

have addressed the economic regulation of market power and random



externalities. Our approach to the literature is not only descriptive, but also
critical, because we identify the contributions and limitations of the existing
research in order to develop a synthesis on how to integrate the different
branches of economics and political science that are necessary to understand the
problem of regulating market power and random externalities in practice.

Using as building blocks the analysis performed in Chapter 3 and the
lessons regarding the institutional features of environmental and antitrust
regulatory systems in the U.S.A and Peru from Chapters 1 and 2, we develop in
Chapter 4 a regulatory model to address the second research question of this
dissertation. This model analyzes an institutional multi-tier hierarchy constituted
by four principal-agent relations. The first relation is between the State
(principal) and a mining/energy company (agent) that can generate accidental
pollution and exercises market power in a resource commodity market. This
relation is subject to informational asymmetries due to moral hazard. Given the
assumption that the State is not capable of directly performing monitoring and
law enforcement, it has to delegate to public regulators the responsibility to
oversee the regulated company. Hence, the second principal-agent relation is
between the State (principal), the environmental and antitrust regulators, and
the courts of law (agents), which play a key role in the ultimate enforcement of
public regulations. The third relation involves the company (principal), the
public regulators, and the courts (agents). This relation is formalized by means of
hidden collusive contracts between its participants, and it is through this relation
that regulatory capture of public officials manifests. The final relation involves
the company (principal) and a law firm (agent) that works as an advocate or
lobbyist that aims to turn public regulations in favor of the interests of the
company.

The model introduces elements of industrial organization, game theory,
environmental economics, law and economics, and political economy in order to
properly formalize the structure of a general regulatory institutional organization
that we use to understand the optimal regulation of accidental pollution, market
power, and corruption in regulatory systems such as those analyzed in Chapters 1

and 2 for the cases of the U.S.A. and Peru, respectively. The model is solved



using dynamic programming in order to identify the Nash equilibrium in the
regulatory system and the optimal policy instruments that are necessary to
regulate the different market failures mentioned above.

Chapter 5 addresses the third research question of this dissertation by
comparing the policy instruments used in practice by environmental and
antitrust regulatory agencies in the U.S.A. and Peru with the optimal policy tools
identified in Chapter 4. In this chapter we identify that many of the traditional
command-and-control instruments used in practice by environmental and
antitrust regulators in both jurisdictions are theoretically inconsistent (i.e., their
formulas do not correspond to the optimal instruments derived from our model).
We provide policy recommendations about how to overcome the problem of
having inconsistent instruments and improve current environmental and antitrust
regulatory practices in both the U.S.A. and Peru.

Chapter 6 addresses the final research question of this dissertation by
showing how public authorities can apply in practice the optimal regulatory
framework developed in Chapter 4. The chapter illustrates the applicability of
our framework using four relevant real-world cases that have recently occurred in
the energy and mining industries: a) the oil spill in the Gulf of Mexico, b) the
production water spills in the Peruvian rainforest, ¢) the red-mud tailings spills in
Hungary, and d) a mineral tailings spills in a South American country. These are
interesting case studies due to the large magnitude of the bursts of pollution
released in each case, their catastrophic environmental consequences, the
involvement of large mineral and energy companies with some sort of market
power, and the corruption issues involved in the cases.

Finally, Chapter 7 summarizes the results of the first six chapters,
presents the conclusions of the dissertation, and discusses the pending research

agenda.



CHAPTER 7

CONCLUSIONS

In this dissertation we have developed a new economic model to analyze
the regulation of mineral and energy activities that exhibit both a risky
production technology for the environment and market power. The analysis of
the simultaneous regulation of random externalities and market power using a
hierarchical regulatory structure composed of different principals and agents,
where moral hazard is widespread and incentives to corrupt public officials are
strong, has been an elusive topic in the literature. Our theoretical analysis
contributes to understand how the enforcement of environmental and antitrust
polices can be achieved in an optimal way using a framework that takes into
account key features of real-world regulatory regimes.

Our regulatory framework models the State’s law enforcement problem as
a dynamic contracting game in which several players (principals and agents)
interact inside a hierarchical institutional organization. Using backward
recursion, the solution of this contracting game is a sub-game perfect Nash
equilibrium. The framework allows understanding the monitoring and
enforcement of safety and antitrust standards in a consistent way, because: it
takes into account the hierarchical structure of real-world regulatory systems; it
considers the dynamic gaming nature of the interactions between principals and
agents across the vertical structure; it analyzes conflicts between policy targets; it
addresses the problem of market power in natural-resource markets; it makes
explicit the role of the courts of law in the enforcement system; and it introduces
the problem of corruption as an element that distort the regulatory framework.

These features have not been studied in an integrated and consistent way
in the literature. Existing research on this subject only looks at specific aspects of
the whole regulatory picture without integrating the different pieces involving the

regulatory problem at hand and focusing only on one aspect of the problem at a
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time. This tendency has led to partial theories with models that ignore important
tradeoffs and relevant features of the regulatory problem at hand. To overcome
this limitation, in this dissertation we adopt a holistic analytical approach that
combines different aspects of several branches of economics: contract theory and
the analysis of asymmetric information; industrial organization and game theory;
environmental economics; decision theory; economic analysis of law and
organization; and political economy. To the best of our knowledge, this
dissertation constitutes the first attempt to integrate the contributions of these
different economic fields to understand how to optimally regulate accidental
pollution and market power in resource industries where asymmetric information
and corruption constitute important problems.

The design of the optimal strategy to regulate random externalities
presented in this dissertation has some similarities to the traditional analysis of
optimal law enforcement. Nonetheless, this traditional analysis only constitutes a
special case of the principal-agent model presented here, one in which social harm
happens only if the agent (criminal) violates the law and each party involved in
the enforcement system has symmetric information. On the contrary, in the case
of stochastic pollution, social harm can happen even though the law breaker did
not undertake any socially harmful action. For instance, a discharge from a
tailings pond might be caused by an unforeseen weather-related circumstance and
not by a negligent decision regarding safety effort undertaken by the mining
company. In addition there is an intrinsic informational asymmetry between the
parties involved in the enforcement system which generates a problem of moral
hazard (i.e., the non-observability of firms’ safety effort and production
decisions).

We have shown that in the face of limited-liability constraints and
decreasing returns to scale in monitoring effort, having an integrated ex ante and
ex post regime is optimal. When safety violations happen prior to any accident,
the safety agency’s problem becomes one of conducting ex ante monitoring of the
firm’s activities to assess whether she is infringing the standards. Conversely,

when socially harmful random pollution happens, there is a need to conduct ex
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post inspections to assess whether an infringement of safety and environmental
standards actually happened before the accident.

The courts of justice are crucial in a law enforcement system because they
constitute the last instance of appeal in any conflict between regulated firms and
regulators. The courts may authorize the application of fines or nonmonetary
penalties or reject them according to the evidence provided by each party. Thus,
there is a probability that penalties may be repealed by the courts, which
weakens the effectiveness of the enforcement system. Our analysis has also taken
into consideration the role of courts in the analysis of optimal law enforcement.

When a mineral or energy company also exercises monopoly power in a
commodity market, the State needs to regulate any abuse of market power and
simultaneously maintain the enforcement of safety standards. Tradeoffs between
environmental and antitrust policies, between optimal deterrence and public
efforts to maintain enforcement activities, as well as between limited liability and
informational efficiency arise in this context. The early literature on the subject
failed to correctly identify these tradeoffs, because it ignored the interaction
between the agency problems and hidden side contracting associated with real-
world regulatory systems (e.g., moral hazard and corruption), the dynamic nature
of the relationships between the participants of the regulatory game, the random
nature of pollution, and the price-setting behavior in imperfect market structures.
This dissertation has filled this gap by answering the four research questions of
this dissertation and providing a detailed analysis of these tradeoffs and the
instruments necessary to balance them considering the features of real-world
regulatory systems.

Optimal deterrence in a second-best setting, where asymmetric
information is a key problem, requires that the State devise a penalty structure
considering the effects of limited liability, the State’s budget constraint, the
ability of firms to participate in the State’s enforcement regime, and incentive
restrictions (i.e., incentive compatibility constraints). The elements that should
integrate second-best penalties should be the probabilities of applying the fines
and signals about the firm’s safety and production performance. The social and

private costs of temporarily shutting down the firm should be also considered in
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case a nonmonetary penalty is assessed. The State should apply these penalties
considering these elements to balance several tradeoffs arising in a regulatory
hierarchy in a second-best setting. In this context, the penalties are maximal
because a binding liability constraint under moral hazard makes the penalties to
sum up to the maximum liability limit, K .

The State needs to have a simple and transparent penalty structure that
generates optimal deterrence subject to the constraints restricting his
enforcement system in a second-best setting. If the State makes this penalty
structure a public binding rule that his regulatory agencies have to obey, this rule
will contribute to the objective of inducing the mining/energy firm to exert safety
and production efforts that are consistent with the second-best optimal
standards, v** and Q**.

The determination and application of the second-best penalties require
that the safety, environmental, and antitrust agencies coordinate enforcement
actions. This coordination is necessary because the regulatory agencies need to
estimate in a consistent way the values of penalties, agree upon the value of the
liability limit, and specify the density functions of random pollution, z, and the
commodity price, p. An appropriate regulatory coordination policy will optimally
balance the tradeoff between environmental and antitrust policies and induce the
firm to abide by the State’s standards in a second-best setting.

Nevertheless, the existence of a binding limited-liability constraint may
inhibit the State’s enforcement system to fully internalize the random externality
and correct the deadweight loss of market power. Thus, the State can only apply
restricted versions of the “monopoly- pay” and “polluter-pay” principles in a
second-best setting.

Corruption (side contracting) and the possibility that regulated companies
hire a law firm as an advocate in courts introduce informational distortions that
spread all over the regulatory systems in a second-best setting, reducing its
efficiency. When bribing happens, the State needs to pay wage premia to align
the incentives toward his objectives. This “public compensation policy” works in
a similar fashion as the compensation schemes offered to CEOs and top managers

in private corporations to align their efforts to achieve profit maximization. A
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compensation policy offering wage bonuses to public regulators for good
performance against corruption avoids the destruction of monitors and judges’
incentives to sustain the enforcement system. Although wage premia help fight
bribing, they are costly to society. Thus, corruption is a critical problem when
designing and implementing an optimal regulatory system because it reduces
optimal deterrence and generates byproduct distortions associated with
asymmetric information and salary compensations.

Our second-best system is not budget-balancing because it requires
additional revenue to support the regulators’ monitoring and enforcing activities.
In addition, if the system requires more budgetary resources to maintain optimal
deterrence, it will generate byproduct distortions associated with the collection of
tax revenues to fund the regulatory agencies.

The analytical results obtained in this dissertation for the second-best
enforcement system have not been identified by previous research. The literature
has basically focused on characterizing first-best penalty structures ignoring
important elements (e.g., liability, informational, and budget constraints, etc.)
which actually affect real-world enforcement systems. However, the evidence from
the American and Peruvian experiences regarding the regulation of energy and
mining industries shows that these elements are indeed very important, so it is
not possible to use first-best enforcement regimes to regulate very risky mining
and energy activities in practice as the current literature would suggest. Our
second-best enforcement system would be the correct analytical framework to
understand the functioning of heavily constrained real-world regulatory regimes
for very risky energy and mining activities. The complete development of a
second-best enforcement system to regulate risky activities in the energy and
mining industries is, therefore, the most important contribution of this
dissertation.

We have also characterized the properties of a first-best enforcement
regime. Our analysis showed that there are closed-form solutions for the first-best
penalties. The ex post environmental and antitrust fines are proportional to the
social damage generated by the firm’s misbehavior and adjusted by the inverse of

the probability of applying the penalties. This result implies that the first-best
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enforcement system actually fully incorporates the “polluter pays” and
“monopoly-pays” principles in the ex post and antitrust penalties.

A first-best ex ante fine is only needed when no ex post inspections are
allowed; otherwise, the first-best ex ante fine is equal to zero (a corner solution).
In a situation where the State is restricted to using only ex ante monitoring, the
first-best ex ante penalty is based on the illicit benefit (avoided or delayed costs)
that the firm obtains from shirking. When no social damage occurs in an ex ante
scenario, the use of gain-based ex ante fines is enough to deter illicit behavior.

Administering a first-best penalty system does not require institutional
coordination because the independent application of ex post and antitrust
penalties is enough to bring about the compliance of the State’s standards. This
result is explained by the fact the limited-liability constraint is not binding in
first-best setting. Hence, in this scenario, there is no tradeoff between
environmental and antitrust policies.

The first-best penalty system may be adequate to regulate a small mining
or energy activity that is not very risky and not so dirty. For instance, if a
mining/ energy firm uses a technology with a low risk of producing a large burst
of pollution, it is likely that the firm will generate small discharges of accidental
pollution most of the time. So, in general, this company can be charged the full
value of the random externality and the deadweight loss from anticompetitive
practices in the ex post and antitrust penalties without exposing her to the risk
of bankruptcy.

It is important to notice that the effects of corruption are incorporated in
our first-best penalty system by supplementing the optimal fines with wage
premia. This recommendation assumes that public regulatory entities do not
receive any compensation for corruption before the occurrence of infringements
and that the public compensation mechanism for corruption shows up “on the
spot” when the illegal behavior is detected and punished. That is, wage bonuses
to prevent regulatory capture only appear when the fine is paid in a first-best
setting. This scheme constitutes an efficient way to transfer wage premia to the
regulatory authorities, since it does not generate byproduct distortions associated

with the collection of tax revenues to support the corruption control policy. This
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constitutes an application of the “briber-pay” principle discussed in Chapter 4 by
which the violator is directly overcharged for the problem of regulatory capture
when detected. However, this may generate perverse incentives for regulators to
over-penalize the company in order to collect more wage bonuses. In this sense,
collecting wage premia from the fines may generate excessive deterrence that is
beyond a socially desirable level.

The comparison of the actual penalty systems used in the U.S.A. and Peru
with the optimal penalty system developed in Chapter 5 has identified the
shortcomings of these frameworks and has provided interesting policy insights to
improve them. In the case of the U.S.A., we identified that neither environmental
nor antitrust penalty rules are consistent with the second-best optimal penalties
obtained in Chapter 4.

The environmental penalty system used in the U.S.A. also fails to clearly
distinguish between ex ante and ex post scenarios, a feature that is very
important to regulate accidental pollution. Different penalty instruments have to
be used in ex ante and ex post scenarios. The U.S. environmental penalty system
ignores this consideration. In addition, U.S. regulatory authorities use guidelines
that make their penalty rules not binding. This issue worsens the penalty
administration in the U.S.A. by making it discretionary, which reduces its
effectiveness.

It is likely that environmental and antitrust penalties applied through civil
proceedings in the U.S.A. are not providing the right incentives to deter illegal
behavior, internalize random environmental externalities, and control market
power. For instance, it may be the case that biased environmental penalties are
increasing the frequency of accidental pollution by not providing enough
incentives for firms to exert an optimal level of safety effort. To improve this
situation, it would be necessary to clearly differentiate ex ante and ex post
environmental enforcement regimes and use different penalty instruments in each
case. Likewise, it would be important to use in the actual U.S. penalty systems
the elements characterizing the second-best penalties identified in this
dissertation to guarantee an optimal level of deterrence. Making clear,

transparent, and binding the rules governing penalty systems in the U.S.A. would
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be important too so as to improve the predictability of the environmental and
antitrust regulatory policies and reduce the discretion of regulators.

In the case of Peru, we showed that the environmental authorities are not
using a second-best penalty structure as well. However, the authorities clearly
distinguish between ex ante and ex post scenarios, so they apply different
penalties for each case. The environmental regulator uses binding first-best rules
which makes her policies predictable and transparent. Our policy
recommendation for the Peruvian authorities evaluate the adoption of the
elements characterizing second-best ex ante and ex post penalties to improve the
effectiveness of their penalty policy.

With respect to antitrust affairs in Peru, the antitrust regulator has not
made explicit its penalty formulas to calculate antitrust fines, so the antitrust
penalty policy is not transparent and probably nonbinding. It seems that the
Peruvian antitrust regulator has discretion to calculate fines without following a
clear rule. The recommendation in this case would be to include in the Peruvian
antitrust penalty assessment the elements characterizing the second-best
antitrust penalty and to make binding the rule to promote the transparency and
predictability of the application of antitrust policy.

Regarding the issue of controlling corruption, none of the penalty systems
used in the U.S.A. and Peru explicitly control for corruption effects. In the case
of Peru, the Peruvian Energy and Mining Regulatory Commission
(OSINERGMIN) receives a regulatory royalty from the regulated community to
afford its institutional budget and pay higher salaries than the average wage in
Peru to its employees. This royalty is conceived to guarantee its political and
financial autonomy from the central government and to control corruption.
Although this way to control for corruption may not be the most efficient one as
discussed above, it allows OSINERGMIN to be, to some extent, shielded from
corruption. Likewise, the royalty allows OSINERGMIN to have a nonbinding
budget constraint which strengthens her overall law enforcement policy. In
contrast, the Peruvian Antitrust Agency (INDECOPI) is a public self-financing
institution that is not shielded from corruption, because it does not receive any

regulatory royalty. Given that it faces a binding budget constraint and that it is
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not properly shielded against corruption, the effectiveness of its antitrust
enforcement actions is probably weak.

In the case of the U.S.A., it is unclear how the EPA, the DOJ, the FERC,
and the FTC handle the problem of corruption based on official information.
What is clear is that they take direct appropriations from the federal
government. This means that they are more exposed to the influence of political
decisions and/or the influence of lobbying, so it is likely that they are not
shielded enough to properly control for corruption. State regulators also get
direct appropriations from their corresponding state governments, but it seems
that these regulators face tighter budget constraints than federal regulators given
the recent budget cuts at the state level after the economic crisis of 2008. It is
unclear how these state regulators manage the issue of corruption, but it is likely
that they are more exposed to the risk of corruption considering the tighter
budgets they face.

Controlling the risk of corruption in both the U.S.A. and Peru requires
implementing an adequate wage compensation scheme to induce public officials
to exert enough effort to guarantee the correct functioning of law enforcement
regimes and counteract the incentives to establish private collusive deals with the
regulated community. The experience of OSINERGMIN in Peru is illustrative of
a way to fund this kind of scheme by means of a regulatory royalty that deserves
a more detailed study. Another alternative is to apply the “briber pays” principle
and supplement monetary fines with wage premia in case a first-best setting is
considered. However, it would be necessary to evaluate for each particular case
what alternative is more efficient and what alternative is politically feasible to
implement before deciding for one of them.

An important policy that can also help fight the effects of corruption is
the division of regulatory tasks in separate regulatory institutions. As Hiriart et
al. (2009) point out, having separate regulators for each regulatory task increases
the transaction costs of side contracting, making more difficult for regulated
parties to capture public officials. Nonetheless, it would be necessary to establish

coordination mechanisms among separate regulatory authorities in order to
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control tradeoffs such as the one between antitrust and environmental policies
that has been analyzed in this dissertation.

Many of the research papers on optimal enforcement have proposed
theoretical but impractical (or unfeasible) systems to enforce the law, for the
majority of this literature is sterile in terms of policy applications and empirical
analysis (Posner 2006). In contrast, our analysis in Chapter 4 provides a
theoretically consistent second-best enforcement system that can be applied to
different real-world regulatory scenarios. What is necessary is that public
regulatory administrations coordinate efforts to develop a cost-effective practical
methodology to assess second-best penalties, taking into account statutory
deadlines that usually accompany the regulatory process. However, it is likely
that the resulting methodology be subject to measurement and transference
errors that may affect the calculation of optimal penalties. Thus, public
regulators should take into consideration this problem when assessing penalties
and should make publicly available the degree of statistical confidence in order to
make transparent their penalty assessment methodology.

Another advantage that our model has with respect to the existing
literature is that it is suitable to empirical analysis. Our policy analysis in
Chapter 4 has revealed some empirical propositions regarding the effects of the
exogenous parameters in the model (e.g., the liability limit, the budget
endowment, and other exogenous parameters in Table 4.2) on the penalty
structure, the level of deterrence, and expected welfare. An important proposition
is the one pointing that a government failure may show up when distortions in
the flexibility of the enforcement system become relevant. The government failure
may lead to a suboptimal level of deterrence that may induce firms to deviate
from the optimal safety and quantity standards. That deviation may generate a
suboptimal increase in the frequency of accidental pollution and in the frequency
of the commodity price (which may constitute an abuse of market power).

The blowout of the Deepwater Horizon oil rig in the U.S.A, the red-mud
tailings spill in Hungary, and the production water discharges in the Peruvian
Amazonia have been used in this dissertation as cases studies to illustrate how

the theoretical framework developed in Chapter 4 can be used to understand real-
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world policy scenarios. The first and third cases have shown that failures in the
enforcement systems are in fact real problems that can erode their effectiveness
and might generate catastrophic burst of pollution in a short period of time.
These cases illustrate how liability limits, budget cuts, and bribing interact to
create government failures that deteriorate the efficacy of ex ante and ex post
regulatory systems. This result may be behind a suboptimal increase in the
frequency of accidental pollution, enlarging the expected value of pollution size.

The Peruvian case study has shown a successful application of an ex post
environmental fine to control production water spills from oil extraction in the
Amazon rainforest. OSINERGMIN applied a monetary fine and a nonmonetary
penalty (i.e., the temporal suspension of oil extraction) that were close to the
first-best penalties, because the infringing oil company internalized the
environmental externality by investing during five years in a water reinjection
system. The case is interesting since it illustrates how penalties that are
conceived to alter behavior in the short run can actually have long-run effects on
corporate behavior, an effect that is commonly associated with economic tools
such as taxes and permit trading. The case also illustrates how an ex post
enforcement system can properly correct externalities.

The last case study, the mining tailings spill in the Andes of South
America produced by a copper cartel, has illustrated how coordination and
separation of regulatory tasks are relevant to guarantee optimal deterrence and
control corruption.

To conclude, it is important to say that the dissertation is not exempt of
limitations. First, the dissertation has mainly focused on the interactions among
the State, public regulators, a mining/energy company, and a law firm inside an
institutional regulatory hierarchy. Our approach to analyze this hierarchy has
been the study of the sequential interactions among these “players,” which
allowed us to analyze the nature of these interactions using dynamic
programming (backward recursion) and game-theoretic techniques. Thus, the
source of dynamics in the model is strategic, arising from the interrelations of the
different participants in the regulatory game. We simplified the already complex

problem at hand by ruling out another important source of dynamics that is
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relevant in the mineral and energy industries: the extraction of nonrenewable
natural resources and its associated depletion effects. According to Perloff et al.
(2007), this constitutes a fundamental source of dynamics because of the presence
of resource constraints related to the finite nature of nonrenewable natural-
resource deposits. Introducing this source of dynamics would make difficult the
analysis of optimal enforcement because this will imply integrating both the
strategic interactions of the participants in the game and the decision of the
regulated company regarding the optimal extraction of nonrenewable resources
over time. This would be an interesting extension of our model that would help
analyze the long-run effects of enforcement policy tools over time.

Second, the dissertation has analyzed the regulation of a mineral /energy
monopolist (or cartel). This approach has greatly simplified the analysis by
abstracting the issue of having different resource companies in the regulatory
structure. Analyzing a regulatory framework considering an oligopolistic market
structure is challenging because this would require considering how oligopolists
react to the decisions of their competitors and how they interact to corrupt
public officials. This would require building a model of an overlapped dynamic
game that considers the oligopoly game and the bilateral collusive side contracts
between public officials and the oligopolists. A model like the one described
would be particularly useful to extent the theoretical framework developed in this
dissertation and to better understand the strategic reasons behind the pursuit of
an illegal competitive advantage and the occurrence of random externalities in an
oligopolistic setting.

Third, our analysis has abstracted public-finance issues by assuming an
exogenous budget endowment available to fund regulatory activities. In reality,
affording the budget of regulatory agencies requires to raise revenues from
different source like public bonds or taxes. The difficulty to introduce the
financing of regulators’ public budgets implies the study of the byproduct
distortions associated to taxation, public debt, and the marginal cost of public
funds. This would make necessary to understand the interactions of the different
market failures studied in this dissertation with the distortions generated by

public finance.
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Fourth, the dissertation has focused on a second-best penalty scheme. It
would be interesting to delve into the analysis of this system to evaluate its
practical applicability. Our analysis in Chapter 4 provides information on the
components that should constitute the optimal fines and on how to control for
policy tradeoffs. Given that we do not have closed-form solutions for the second-
best penalties, an interesting extension of our analysis would require specifying
functional forms for the probabilities of detection and the probability density
functions of random pollution (z) and the commodity price (p) in order to
conduct a simulation exercise to determine numerically second-best penalties
under different scenarios.

Fifth, exploring other ways to control for corruption would also be an
interesting extension of the model presented in this dissertation.'” Our analysis
has concentrated on direct monetary transfer to control for corruption that can
be included in the optimal penalties themselves (i.e., the briber-pay principle in a
first-best penalty regime). This is an efficient way to control the risk of
regulatory capture, but it may not be politically feasible to implement. Another
way to control for corruption that has been discussed in the thesis is through the
collection of regulatory royalties. However, we have not analyzed how
compensation mechanisms can be implemented inside regulatory agencies.
Extending the analysis to address this issue would involve the study of principal-
agent relations inside each particular regulatory agency. The paper of Segerson
and Tietenberg (1992) provides a starting point to delve into this topic.

Finally, it would be important that future research test the empirical
propositions of our model to assess its consistency with reality. The case studies
presented in Chapter 6 illustrated how our model can be used to study practical
scenarios and provided some empirical support. However, these case studies
constitute a small sample. A large sample of case studies would be necessary to
validate our model relating the frequency of accidents and antitrust law

violations to the regulatory policies in place. In addition, an empirical assessment

190 A recent paper of Harstad and Svensson (2011) can shed light on the choice between bribing
and lobbying that can provide an initial basis to consider particular characteristics of the
corruption phenomenon in developed and developing countries in our model.
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of a counterfactual scenario that measures the value of environmental damage
generated by accidental pollution and the deadweight loss related with market
power, given the use of an optimal penalty system, would be interesting in order
to evaluate how optimal the enforcement regimes in the U.S.A. and Peru are.
This exercise could be conducted using a simulation model based on our

theoretical framework in Chapter 4.
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