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Abstract

The dissertation consists of three separate projects. The first projeesstudi
illegal trade in chlorofluorocarbons (CFCs) controlled by the Montreal Riotoc
Since data on illegal trade is not available, the analysis starts with & ohdbgal
trade in CFCs that derives predictions about the effect of corruption, the rule of law
and environmental tariffs on both legal and illegal imports of CFCs. The theoretical
predictions concerning legal imports are tested using panel data on CFC
consumption. Although both corrupt and honest regimes with weak and strong rule
of law, respectively, have relatively high legal imports, illegal and totpbrts in
the former are much higher than in the latter, indicating lower environmental
performance.

The second project examines transboundary air pollution in Europe where the
focus is on a corruptible environmental inspector and a firm who collude to
underreport pollution levels. Since part of the emissions from one nation falls on the
territory of neighboring countries, transboundary spillovers are taken into account.
The theoretical model derives predictions about the effect of corruption, the rule of
law and transbpundary spillovers on both actual and reported emissions. The
hypothesized relationships regarding reported emissions are tested usalg spa
econometric techniques and the EMEP data on sulphur pollution. Both corrupt and

honest regimes with weak and strong legal systems, respectively, haivelselaiv
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IX
emission reports, however, actual emissions and consequently pollution are much
higher in the former than in the latter.

The third project investigates the influence of democratic principles, the rule
of law and corruption on the likelihood of chemical, biological, radiological, and
nuclear (CBRN) terrorist incidents. Odds ratios establish that demaeiatistrong
rule of law, and noncorrupt regimes are associated with more CBRN incidents
Failed states may be where some terrorist groups form or take refuge, bidtétes
have not been the venue of choice for CBRN incidents. Religious (cults and
fundamentalists) and nationalist/separatist groups are not more likely tieas tt
engage in CBRN attacks. The results of negative binomial regressions support the
conjecture that democratic rule and strong rule of law are positive ded@tshof

CBRN incidents.
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Chapter 1. Introduction

It has become common to link corruption and weak rule of law to
environmental degradation. When countries enact laws to protect the environment
and create special agencies to enforce these laws, complying with eremtahm
regulations imposes costs on firms that can be avoided by bribery. As a hesalt, t
is often a gap between policy and its implementation which is particularly
characteristic of the developing world. Thus, corruption and inadequate penalties
may be central to explaining low environmental performance in some countries
(Pargal et al. 1997; Desai 1998).

The connection between corruption, weak rule of law and international
terrorism, however, only became clear recently when the internationalwatgm
realized that the fight against terrorism cannot be separated from thadaghst
corruption. Commenting on the September 11 terrorist acts in his address t8 the 10
International Anti-Corruption Conference, Interpol’s chief Ronald Noble (2001)
emphasized that “the most sophisticated security systems, the bestes;umtur
trained and dedicated security personnel are useless, if they are underorm#éuefr
inside - by a simple act of corruption”. By forming “pacts” with corruptgrnment
officials, terrorist groups create “states of convenience” from which tenibom
conspiracies on a global scale (Thachuk 2005). These pacts not only finance and

facilitate operation, but also provide safe heaven.
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The study of corruption has a long history in both political science and
economics. The political science literature has shown that the mechanisms
constraining political and bureaucratic corruption such as merit-based bat&aucr
values, established transparent government processes and an informed ciyil societ
develop over a long period of time emphasizing the historical underpinnings of
corruption (Johnston 1997). The economics literature has focused on the economic
costs of corruption examining its detrimental effect on investment and growth
(Mauro 1995; Wei 1997). However, like most of illegal activities, corruption is
clandestine and consequently, very hard to measure so that empirical resehech on t
subject has remained quite limited.

In recent years, private rating agencies have begun to produce so—called
corruption indices based on replies by consultants living in the countries to
standardized questions. Although the rankings are subjective, there is a very high
correlation between indices produced by different agencies, pointing to the
consistency of the results (Mauro 1997). The objective of this dissertation is to use
data on corruption and the rule of law provided by the International Country Risk
Guide to examine the links between weak public institutions and 1) compliance with
environmental regulations as well as 2) the incidence of the chemical, biglogica
radiological and nuclear (CBRN) terrorism. In the case of environmentdatens,
the project identifies important mechanisms through which corruption and weak rule
of law affect performance in different countries and distort data on compliance

submitted to international environmental agencies. The study of CBRN incidents
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3
shows that although corruption and weak rule of law may attract terroristens te
of where to form and take refuge, they are not the characteristics of timesdabat
they choose for CBRN incidents.

Apart from using perception indices to measure the quality of public sector
institutions, the research project also investigates ways to circumvearbtiiem of
incomplete data that results from illegal transactions in an environmentteheed
by corruption and weak rule of law. For example, when the imposition of
guantitative restrictions on the use of ozone-depleting substances (ODS) required by
the Montreal Protocol leads to a widespread illegal trade across bordersathe dat
provided by countries to the relevant monitoring agency reflect the legal phaet of
transactions while the data on the ODS shipments secretly transported from one
country to another never get into any of the official records. Similarlynwahe
environmental inspector accepts a bribe from a polluting firm to underrepougits t
level of emissions, the data on polluting substances submitted to the government
authorities do not include the part that the inspector and the firm deliberately omit
from the reports. If compliance with international environmental regulaisdossed
on the examination of officially reported data on polluting economic activities, this
divergence in data has to be taken into account or else misleading conclusions about
the level of compliance will be drawn: some countries may report lower producti
of polluting substances, but at the same time be responsible for higher levels of

actual pollution due to their inability to control illegal transactions.
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Literature Review

The contemporary international relations literature draws a distinction
between compliance and two other concepts that are often invoked in the study of
regime theories: implementation and effectiveness. A high level of comglianc
which is often defined as “a state of conformity or identity between actdrasy e
and a specified rule” (Raustiala and Slaughter, 2002: 539), does not necessarily
presuppose any action by a government or regulated entity (implementatiog) or a
changes in behavior caused by the introduction of the new rule (effectiveness)
Although national implementation is often critical, it is neither necessary nor
sufficient to ensure compliance with international regimes. For examjdege drop
in pollution in Russia and hence a high rate of compliance with many environmental
agreements is not the result of the implementation of international commitments but
rather an unintentional consequence of a dramatic economic decline (Raustiala a
Victor, 1998). Similarly, there is no clear-cut connection between compliance and
effectiveness. If the legal standards are set low and commitments ¢eddganges
that governments would be willing to make in the absence of an international
agreement, regulatory regimes may have high compliance levels withotingxe
any significant influence on behavior (Levy, 1993).

While this distinction is important theoretically, in practice it may noagtwv
be possible to draw a line between the three conceptual variables. Although mere
existence (or lack) of compliance in terms of conformity of behavior to rules doe

not always indicate the effectiveness (or ineffectiveness) of legadatds, studying
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compliance often implies examining the operation of international institutions
which may lead to policy prescriptions about their design. Focus on behavioral
impacts of regimes, in its turn, may produce evidence of the importance of
noncompliance as part of an effective regulatory strategy (Levy, 1993). Giving a
broader definition of the effectiveness of international regimes than ntegaly
compliance or economic efficiency, Young (1999) suggests to focus on any changes
in the behavior of actors, in the interests of actors and in the polices and performance
of institutions caused by a regime that lead to an improvement in the environment.
This definition does not grant compliance a privileged position, but it does not
exclude consideration whether compliance is high or low, highlighting the
importance of the interaction between legal compliance and political eéeess.

Much of the recent compliance debate in the rationalist tradition has been
centered on identifying regime characteristics that are most conda@ieiting
compliance. According to the enforcement approach based on game theory and
collective action theory, compliance decisions of states result from thdatain of
costs and benefits of alternative behavioral choices (Olson, 1965; Axelrod, 1984;
Downs, Rocke and Barsoom, 1996). Violations occur whenever the net benefits from
defection exceed the net benefits from compliance. A regime will be stiddtis
changes the incentive structure of the problem and increases the costs of
noncompliance making it a less attractive option. Coercion in the form of monitoring

and sanctions is thus imperative for securing compliance from this point of view.
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The alternative management approach to compliance, however, emphasizes
that states have a general propensity to comply with international rules.
Noncompliance results rather unintentionally from capacity limitations and rule
ambiguity (Mitchell, 1994; Chayes and Chayes, 1995). Capacity limitations may be
political (the inability of the government to secure ratification oriiliompliance
from subnational actors) or economic (lack of financial resources). Ruletybig
arises from the unclear and imprecise treaty language that allowsféoetif
interpretations by the parties. Managerial theorists believe that théreproviding
enforcement, international efforts should focus on the problem solving through
capacity building, rule interpretation and transparency.

Both these approaches present important insights on the effective ssrédegie
address noncompliance in international cooperation. However, when considered in
isolation, they oversimplify the real-life cooperation processes and oveheok
interaction between the distinct behavioral mechanisms. Tallberg (2002) Hrgties
compliance systems that combine the enforcement and management mechanisms a
most effective in securing rule conformance. Examining the EU compligataas
the author finds that noncompliance in the EU stems from both relative incentives
and capacity limitations of states and that monitoring, sanctions, capadtilndgui
rule interpretation and social pressure can coexist and reinforce eachsother
instruments to induce compliance. These findings indicate the importance of

considering the interplay between the two compliance strategies in fretiearch.
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Both the enforcement and management schools are primarily static
approaches. They assume that once an agreement has been reached, the positions of
the actors do no change and there is litte interaction between the actbessAirie
time, evidence suggests that bargaining characteristic of the preatiegatage
does not end with the conclusion of a treaty. Some scholars view post-agreement
bargaining as a mechanism for enforcing compliance and managing problems and
thus consider it central to the propositions of both the enforcement and management
approaches (Jonsson and Tallberg, 1998). As labeled by Jonsson and Tallberg
(1998), compliance bargaining can change the level of compliance, redefine what
constitutes compliance and noncompliance and redistribute gains in future
bargaining. Studying the effects of compliance bargaining can thus help afmount
the dynamic elements of enforcement and management and bridge the gap betwee
the two approaches.

A somewhat different perspective on the reasons for compliance has been
suggested by constructivist scholars, who invoke theories of legal process and
obligation rather than rationalist-instrumentalist explanations. Constristaieve
that compliance is motivated by the internalization of international rules and norm
and their incorporation into the actor’s value system (Koh, 1997, 1998). State
behavior in this view should be understood as interpreted by other states and as
intended by the actors themselves so that international obligations are deggmrde
social constructs which are best analyzed through an intersubjectiveviverod

meaning (Kratochwil and Ruggie, 1986). One of the central concepts in this
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approach is the legitimacy of a legal rule or authority. As Hurd (1999) points out,
the study of compliance with rules or norms has most often been limited to two of
the three devices for social control, i.e. coercion and self-interest, whik it ha
ignored the third mechanism, i.e. legitimacy, without which any analysreof t
international system will be incomplete. The perceived legitimacy wikegrovides
an actor with an internal reason to comply and because the legitimation occurs
through the internalization by the actor of an external standard, it helps to define how
the actor sees its interests. One of the criticisms of these approachesigmdvat
it is easy to conflate the dependent and independent variables because iatermaliz
may be viewed as both a reason for and a constitutive feature of compliance.

Some attempts have been made to reconcile the rationalist and constructivist
approaches. These works stress that the logic of consequences where deeisions a
based on self-centered calculations and the logic of appropriateness whererbehavi
is shaped by social constraints are not mutually exclusive (Finnemore ankSikki
1998). Shanon (2000) shows that from the political psychology point of view,
violations can be explained by a conflict between personal desires of theaactors
normative constraints imposed on them by the prevailing social structure. The focus
here is thus on the process of interaction between the agent and the structure.
Violations are then possible only if leaders can interpret norms and situations in a
manner that justifies noncompliance in particular situations as sociaptable. In
a similar line of research, other authors emphasize the deliberativésasipsacial

learning and argumentative persuasion that lead to compliance as a result of
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9
preference change (Checkel, 2001), the role of discourses based on interests,
science and ethics in encouraging change in behavior (Mitchell, 1998) and the
impact of speech acts and condemnatory language on the responsiveness of states t
regime allegations of noncompliance (Weisband, 2000). Although intuitively
plausible, the challenge with these approaches is to apply their thedretights to
empirical research.

Another strand of compliance literature deals with the interrelationships
between compliance and the nature of the domestic regimes. The dominant view in
this approach is that democratic states are more likely to comply with itmbeada
obligations because norms regarding respect for judicial processes andoega
constitutional constraints carry over into the realm of international politics.
Compliance results from the incorporation of international law into the domestic
political system and from the replication of international rules in the domestic
regulation (Fisher, 1981). Although this approach has some affinity with rationalism
where international institutions are believed to have an important influence on the
domestic political life, Simmons (1998) insists that “democratic legalisakes a
distinctive contribution by assuming systematic differences betweerali
democracies and nondemocracies. Because political constraints are much stronger
the former, liberal states will be more willing to depend on the rule of lawin the
external behavior as well. The research in this field has, however, paid létigaait
to the linkages between compliance with international obligations and deviations

from liberal institutional norms such as political corruption and weak rule of law.
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Plan of Dissertation

The dissertation consists of three separate projects and is organized as
follows. Chapter 2 examines the implications of illegal trade in ozone-depleting
substances for compliance with the Montreal Protocol (project 1). Since data on
illegal trade is not available, the chapter begins with a theoretical madeighlains
the effect of corruption, the rule of law and environmental tariffs on both legal and
illegal imports. The theoretical predictions concerning legal importharetésted
using panel data on CFC consumption reported by the UNEP. Based on the empirical
estimates and the model, inferences about illegal trade are made. THenHagis
indicate that legal imports are higher in both corrupt countries with weak legal
systems and honest regimes with strong judicial institutions in comparison to
countries were either corruption is high or the rule of law is weak. Howevealilleg
and total imports are much higher in corrupt countries with weak rule of law and
much lower in honest countries with strong legal systems. Thus, higher legal imports
in the former signal deterioration in environmental performance, while higiedr le
imports in the latter indicate better observance of environmental laws.

Chapter 3 deals with controlling transboundary air pollution in Europe
(project 2). The analysis focuses on collusion between an environmental inspector
and a polluting firm. If the inspector accepts a bribe offered by the firm tepoitr
sulphur emissions, the level of reported emissions will be lower than the actual level
Since the damage from pollution in a given country depends on both the share of its

own emissions that falls within its borders and the spillovers from neighboring
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countries, the theoretical model derives predictions about the effect of corruption,
the rule of law, the share of own depositions and transboundary spillovers on both
reported and actual emissions. The hypothesized relationships regardingdreporte
emissions are tested using spatial econometric techniques and the EMEP data on
sulphur pollution. The results suggest that reported emissions are lower in both
corrupt regimes with weak rule of law and honest regimes with strong legairsy
in comparison to countries where either corruption is high or rule of law is weak.
Actual emissions and consequently the level of pollution are, however, much higher
in corrupt countries with weak judicial institutions than in honest countries with
strong legal systems. Thus, lower emission reports in the former imply higher
pollution levels while lower emission reports in the latter suggest lower
environmental degradation.

Chapter 4 investigates whether regime characteristics such as democratic
practices, rule of law and noncorruption are related to past CBRN incidentst(projec
3). Democratic values and institutions are believed to support and encourage terroris
attacks owing to freedom of association, protection of civil liberties, mediaageer
of events, and an ability to acquire weapons, funding, and information. Based on
data on CBRN incidents, collected by the Monterey Institute of InternatitundieS,
odds ratios establish that democratic rights and principles are positisetyaed
with CBRN incidents. Weak rule of law, as characterizing failed statsg
conducive to terrorist groups getting organized, but strong rule of law presents an

ideal venue for CBRN incidents. The data also suggest that religious cults,
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fundamentalist groups, and nationalist/separatist groups are not more likely than
others to engage in CBRN attacks. Moreover, the odds of religious cults and
fundamentalists being involved in CBRN events are generally greatee wher
governments are noncorrupt or there is strong rule of law. In addition, transnational
terrorist groups are shown to be less likely to conceal their acquisition of CBRN
weapons and indiscriminate CBRN attacks are shown to be as likely as diatgimi
attacks to result in casualties. Negative binomial regressions provide additiona
evidence for the positive effect of democratic rule and strong rule of law on the
number of CBRN incidents.

Chapter 5 concludes and highlights policy recommendations regarding the
correct interpretation of data on environmental compliance reported to iraaatat

monitoring agencies and the potential WMD threat inherent in CBRN terrorism
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Chapter 2. Corruption, lllegal Trade and Compliance with the

Montreal Protocol

This chapter studies the effect of corruption, the rule of law and
environmental tariffs on illegal trade in chlorofluorocarbons (CFCs) cordrbite
the Montreal Protocol. Since data on illegal trade is not available, it is not pdesible
test any theoretical conclusions about smuggling. The paper, however, ateempts t
circumvent the problem by developing a model of illegal trade in CFCs thatslerive
predictions about the effects of corruption, rule of law and environmental tariffs on
both legal and illegal imports of CFCs. Then the theoretical predictions carnger
legal imports are tested using panel data on CFC consumption. Using the estimates
of legal imports, inferences about illegal trade are made. The basic finahcste
that knowledge about the degree of rule of law, corruption and the level of
environmental tariffs is needed for the correct interpretation of the data on

environmental performance reported to international monitoring agencies.

The Montreal Protocol on Substances that Deplete the Ozone Layer is
considered one of the most successful international agreements to-date. It
ratified by over 180 countries and the phase-out of ozone-depleting substances
(ODS) detailed in the Protocol is reported to proceed according to schedule.
However, unforeseen at the stage of negotiations and first detected in the mid 1990'’s,

illegal trade in ODS has become a cause of serious concern for the fithee o
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ozone treaty. When the phase-out in industrialized countries began, demand for
chlorofluorocarbons (CFCs) remained high, while expanding production in
developing (Article 5) countries, which were exempted from compliance kéth t
control measures until 1999, ensured abundant supplies of CFCs to their markets.
CFC-12 could be bought for $1 US per kilogram in China and sold for $16 US in the
UK.

Black market in CFCs and halons has been tracked since the mid-1990’s,
when illegal trade in ODS grew to an alarming rate. Since then, ODS smuggling i
developed countries has fallen, but developing (Article 5) countries have experienced
an upsurge in contraband ODS movement, as they recently began implementing the
control measures of the protocol. By increasing available supplies and avoiding the
excise tax, CFC smuggling reduces the incentives for users to shift aaltes
and penalizes legitimate companies that made huge investments in developing and
supplying alternatives to CFCs.

Smuggling of CFCs has been said to be the second most lucrative smuggling
operation after illegal drugs (Brack 1996). The size of the CFC black market is
estimated by the UN to range from 20,000 to 30,000 metric tones annually. In late
1995, as much as 20 percent of the CFCs then in use in the world were believed to
have been obtained on the black market (Brack 1996). Describing different types of
deception practiced by CFC smugglers, Benedick (1998) points out that tracing of
illegal shipments is particularly difficult because of the falsifarabf import

documentatioh Corruption in the form of bribes collected by government officials
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for providing permits and licenses or giving passage through customs has been
extensively discussed in recent literature (Shleifer and Vishny 1993). Tas pa
analyzes the linkages between this type of corruption, law enforcement,
environmental policy and smuggling under compliance with the Montreal Protocol.

One of the difficulties of studying smuggling is that data on illegal tiade
not available. It is not possible to conduct an empirical analysis of illegal snpfort
CFCs, as there is no way to obtain any reliable data on unauthorized shipments of
ODS. Thus, the paper starts with a partial equilibrium analysis of both legal and
illegal imports of CFCs, and proceeds to test the theoretical predictionstladout
response of legal imports to changes in the smuggling-related parameteys, us
unbalanced panel data for 82 countries. This allows us to circumvent the data
problem regarding illegal trade, as we can obtain insights about changes in illegal
activity by estimating the model describing legal imports.

The theory builds on the model of illegal trade by Martin and Panagariya
(1983) that explicitly incorporates the uncertainty associated with smggatmthe
analysis. The probability of detection depends on the ratio of illegal to totaltsnpor
making the two types of trade ‘joint’ goods. The model yields three main predictions
First, a tariff imposed to reduce the negative externality tends to de¢hedgvel of
legal trade as smugglers switch to illegal activities so that theywcech tariff
payments. Second, the effect of a fall in corruption on legal imports is conditional on
the level of fine imposed as a penalty for breaking the law. Given that the fiove is

a fall in corruption is associated with an increase in legal imports of CFCs, as it
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increases the probability of being caught. When the fine is high, the effect is
reversed: less corrupt countries tend to have fewer legal imports of CFCdl &g a fa
corruption decreases total imports and when the fine is high, the effect is aiplifie
Finally, the effect of the fine is conditional on the level of corruption. In highly
corrupt countries, a rise in the fine increases legal imports as it tagsespgected
cost of illegal trade. In countries with low levels of corruption, the effecversed:

a higher fine reduces legal imports as total imports fall due to substitution wi
alternatives and when corruption is low, this effect dominates.

The empirical findings generally support the expectations of the theory. The
basic conclusions of the theoretical and empirical analyses can be surdraarize
follows: knowledge about the level of law enforcement, corruption and
environmental tariff may help gain better understanding of the true level of
environmental performance in different countries. For example, in countries where
corruption is low and law enforcement is weak or where corruption is high and
environmental tariffs are high, lower legal imports of CFCs reflect highe
environmental performance as they coincide with lower total use of CFCs. However
in highly corrupt countries where law enforcement is weak, lower legal import
indicate deterioration in the observance of environmental regulations as they
coincide with higher amounts of CFCs transported illegally and an indretise
overall use of CFCs.

The rest of this chapter consists of five sections. The first section provides a

literature review. The second section outlines the theoretical model. The ttiosh se
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derives the predictions. The fourth section presents the empirical work. The fifth

section concludes.

Literature Review

The design of international institutions has been a focus of many studies.
From the pure public good perspective, incorporating selective incentives into the
design of international agreements improves their effectiveness and esitilgat
free-rider problem. Thus, by allowing developing (Article 5) nations to postpone
their compliance with the control measures and offering assistance through a
Multilateral Fund, the Montreal Protocol has achieved a higher level of cooperation
in contrast to other treatfegSandler and Arce, 2003). But from the moral hazard
perspective, the enforcement of new rules and regulations that follows the
introduction of international agreements expands the range of activities through
which self-interested officials can extract bribes. Although such ntalidh
agreements as the Convention in International Trade in Endangered Species of Wild
Fauna and Flora (CITES) and the Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and Their Disposal have met with success, they
have also been threatened by a buoyant illegal trade having opened up possibilities
for corruption in issuing paper certificates and movement documents required for the
traded goods.

Compliance with laws and regulations restricts private economic actwitly

whenever administrative authority is delegated to a self-interestebffic
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opportunities for corrupt behavior arise. The implementation of environmental
controls can be rather costly to industry owners; bribes to public servants are ofte
cheaper than complying with the regulations. Studies of corruption in an
environmental context have shown that policy options to monitor environmental
compliance in the presence of corruption may be quite limited, as in some cases
greater enforcement may lead to stronger incentives to under-provide a public good
and consequently increase the instance or scope of Br{&mania 2002;

Mookherjee and Png 1995). Lopez and Mitra (2000) analyze the implications of
corruption for the relationship between pollution and growth. They consider both a
cooperative Nash bargaining interaction between the government and the private
firm generating pollution and a non-cooperative Stackelberg model with the firm as
leader, and conclude that in both types of interactions corruption does not preclude
the existence of the environmental Kuznets curve, but the turning point occurs at
income and pollution levels above those corresponding to the social oftimum

Two works provide empirical studies of the effect of corruption on the
determination of environmental policy. Fredriksson and Svensson (2003) analyze the
effect of corruption on the stringency of environmental policy, conditional on the
degree of political instability. Their findings suggest that corruption redihee
stringency of environmental regulations, but as the degree of political irtgtabili
increases, this effect disappears. Since the probability of the incumbenirgené
remaining in office declines, there are fewer incentives for a proculaey to

influence environmental policy by offering a bribe. Similarly, Daman&l.€2003)
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focus on the interaction between corruption and trade liberalization. They
conclude that while a reduction in corruption is unambiguously associated with a
higher pollution tax, the effect of trade liberalization on environmental regulation
depends on the level of corruption: the greater the level of governmental corruption,
ceteris paribusthe larger the increase in environmental stringency associated with
an increase in openness to trade. However, in countries with the most honest
governments, the effect of trade openness is reversed: more open trade mgimes t
to have less stringent regulations.

The analysis performed in this paper differs from the two studies discussed
above because it explores the link between corruption anchghementatiorof
environmental policies, as distinct from fleemationof environmental policy The
distinction is important because there is often a gap between environmestahlé
regulations, on the one hand, and their implementation and enforcement, on the
othef. As Desai (1998) points out, this problem is particularly pertinent to
industrializing nations as the “state’s autonomy and its capacity to workllitsnwi

the society often are quite limited in these countries.”

Theoretical Model

The following model assumes that all prices accept that of CFCs are fixed.
This facilitating assumption is possible because we focus on a narrowlyddefine
market which is a relatively small sector of the economy. Moreover, takimg int

account the fact that illegal CFC trade is widespread and that much of CFC
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smuggling is conducted by small operations who are also legitimate suppliers of
the ozone-depleting chemicals, the number of CFC smugglers should be quite large
to preclude monopoly behavior on the CFC market.

Consider a small, open economy that produces a final consumption good Y
using two intermediate inputs: chlorofluorocarbons (CFCs), X, and environmentally
friendly CFC alternatives, K, where X and K are substitutes. The economy smport
all CFCs used in the production process for Y from abroad. The government imposes
an ad valorem tariff rate equal foon imports of CFCs that cause a negative
externality® Distributing firms importing CFCs face strong incentives to transport
the good across the border surreptitiously: first, because there are quantitati
restrictions on imports of CFCs as part of the implementation of the Montreal
Protocol and second, because this allows the distributors to increase their grofits b
avoiding tariff payments. In the absence of a domestic monopolist, an import quota
will raise the domestic price of the imported good by the same amount d6thdari
limits imports to the same level. Therefore, for simplicity, only tradgicgens in
the form of a tariff are included in the model. The quantities of legal and illegal

CFCs imported by a typical importer are denotedl &ryds, respectively.
The distributors face a probabil'rﬂf’ that the illegal activity is detected and
results in prosecution, wheteis the fraction of illegal imports, i.8.= s/x (herex

denotes a given quantity of total imports), anid a measure of honesty in society,
which is scaled to range between 0 and 1 (noterthsinversely related to

corruption and can be viewed as the proportion of honest bureaucrats within the
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political system). As in Martin and Panagariya (1984) and Copeland (2001), we
assume that the probability of detection depends positively on the fraction aff illeg
imports, so that legal imports may be used to mask illegal activities. Invabines,
an increase in the probability of being caught may result from (1) an secirea
illegal trade with legal imports held constant; or (2) a decrease in legaitswith
illegal activity held constant.

As long as smuggling is taking place, the importers offer a bribe to
government officials or customs officers to provide them with the needed pakerwor
or fail to report the contraband if illegal activity is being suspected. Babarpt of
value of illegal imports is denoted by The bribe rate is treated as given because,
once the black market in CFCs has developed, it is assumed that any importer or
corrupt official is too small to have a significant effect on the size of the peibe
unit of illegal imports. If caught smuggling, importers pay a finefof each unit of
the contraband. The fine rate is treated as exog@rneenever illegal activity is
discovered, the quantity being smuggled is confiscated.

All distributors of CFCs are assumed to be identical and maximize expected

profits. Denoting the price of gooflin the world and domestic markets lpy and
p, respectively, the importers’ profits denoted[dy and [],, when smuggling is

and is not successful, respectively, can be written as

I'I1=p(s+|)—[p*(s+|)+zp*|+bp*s] (2)
M, = pl=[p*(s+1)+m*| +bp* s+ fg]. (2)
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The importers receive a revenuem{s + 1) if not discovered, but onlyl if
discovered, since the quantity smuggled is congtalhe terms in square brackets
in (1) and (2) indicate the total cost to the dlsttors of importing(s+|) units of
CFCs when smuggling is and is not detected, reflséct p* (s+1) is the amount
the distributors pay to bug+I units of CFCs at the world market. The amount of
tariff they pay for importind units equalgp* | . The importers avoid paying the
tariff on s units that are transported across the bordemiliggrhe amount given as
bribes to customs officers or government officialdenoted byop* s. If caught,
the smugglers are fined an amotsfor the contraband, making the total costs in

(2) greater.

Using (1) and (2), the distributors’ expected-grainction can be written as

Ja-Aafpls+)=[p*(s+1)+m*1+bprs}
st |+ Aa{pl =[p* (s+1)+mp*| +bp* s+ fs]}
Note that this function is linear iand with a change of variables€ Ax and

| =(1- A)x) can be rewritten as

rrAwax(l—/ia){ px—[p* x+mp* (1- A)x+bp* Ax]}

3)
+Aa{p(L-A)x~[p* x+ p* (1- A)x +bp* Ax+ fAx]}

wherep* is fixed because of the small country assumpfitw. first-order conditions

for the optimal choice of total imports and thecfian of illegal imports satisfy
x:  p=(Aa)(pa) = p* +m*){L-2)+bp* A +(Aa)(fA) (4)

Ar -(Aa)(p)-(a)(pi) = —m* +bp* +{Aa)(f) + (@)(1A). 5)
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Note that if the fine and /or bribe is very largendition (5) implies tha# = 0.
However, since it is more interesting to examireedase wherf@< A <1, the
analysis below focuses on the interior solution.

Condition (4) simply states that the marginal rexeederived from total trade
equals the marginal cost of total imports. The lhefihd side of (4) captures the
revenue from sale of one extra unit of total impaft CFCs, i.ep, and the expected
loss in revenue per unit of total imports if sminglis detected, i.eda(pA)*’. The
right-hand side of (4) represents the cost of obtgione extra unit of total imports

consisting of the world price*, the effective tariff ratgp* (1—)!), the bribéop* A
and the expected finéa(fA) paid per unit of total imports. Condition (5) indtes

that the marginal revenue from importing one extra through illegal as compared
to legal channels equals its marginal cost. Thes|dft-hand side of (5) represents
the sum of the direct negative effect on revensalteg from the confiscation of
illegal imports if smuggling is detected and thedifact negative effect on revenue
through a rise in the probability of detection. $amty, the last two terms in the
right-hand side of (5), indicate the direct andriect positive effects on the cost of
one extra unit of illegal, as opposed to legal,ontg Other terms in the right-hand
side of (5) represent the increase in cost indhe fof the bribe paid for one extra

unit of illegal imports bp*) and the direct savings on tariff payments from

importing one extra unit illegally, as opposedegdlly (7p* ).*?
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Since all importers have the same probability fiemcaind are subject to
the same values of, p, 7, fand a, they choose the same valuesxandA . Thus,
it is possible to considex and A as industry-wide values of total imports and the
share of illegal imports. Then conditions (4) aBfidan be treated as being
applicable to the industry equilibrium. Note thahditions (4) and (5) together
determine the domestic price of CH&and the fraction of illegal impor#s, given
p*, 7,a, fandb. To determine the quantities of legal and illeggborts, however,
the demand for total imports used as inputs irptieeuction process fof needs to
be specified.

But first, consider the following implication of nditions (4) and (5).

Solving (5) forbp* and substituting the resulting expression in tglethand side
of (4), we get

p+apA® +af > = (1+71)p*. (6)
Hence, i >0, p< (1+ r)p* . The difference between the domestic market price

and the tax-inclusive world price as a result oftiggling was defined as price
disparity by Pitt (1981 Because traders avoid paying a tariff on the smadyg|
guantity of the good, they are able to sell it ptiae lower than the tariff inclusive
world price. An importer may be willing to acceptoas on the legal part of imports
since legal trade reduces the probability of deiacnd thus increases the expected
profits from smuggling.

To specify the remainder of the model, it is assaithat the technology fof

exhibits decreasing returns to scale and is giyen b
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H(y,x,k) =0,
which can be inverted to yield
y =h(x.k),
whereh is assumed to be strictly concave and increasingandk.

The profit function for producers of goddcan be written as
y — -
nl?x{p h(x,k)- px—rk],

where pY andr denote the domestic prices of ggoand CFC alternatives,
respectively. The first-order conditions for theiopal choice of inputs satisfy
x: p’h(xk)=p (7)
k: p’h(xKk)=r, (8)
which set the value of the marginal product of eaplit equal to its price.
We also assume that in the long run, perfect coitipetesults in zero
profits, i.e.,
p’h(x,k) = px+rk . (9)
As in the case of importers, all producers of g¥@te subject to the same
values ofp, pandr, and therefore theghoose identical solution quantitiesxodind
k. Thus, k andx can be relabeled as industry-wide values of altef@smand total

imports of CFCs, and conditions (7) and (8) catréated as being applicable to the

industry equilibrium.
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Comparative statics
Our primary interest is to find out the effectscofruption, the fine and the
tariff on legal and illegal imports of CFCs to deripredictions for the empirical
work. First, consider how demand for CFCs respaodhanges in the parameters.
Totally differentiate (4), and rearrange to'get

ar1-A)rb1) ., 07 -0) 7

W= ) b= ra) O o)™ .
(At ) gy A
1- Va 1-Pa)

Totally differentiating (7), (8), and (9) and reamging, we obtain (wittdr = 0)**

(hk hxk B hx hkk )X + hkkh(x’ k)

= p’ (hxxhkk - hfk )h(X, k)

(11)

From the second-order conditions, it follows theg sign of the denominator is

positive”™. To determine the sign of the numerator, solve(id) (8) forh, andh,,

substitute the resulting expressions in (11) amd(8sto obtain

(hxk X+ hkkk)r
(p g )2 (hxxhkk - hfk )h(X, k)

dx = dp=odp, (12)
p

where o is the price elasticity of demand for CFCs. Sinemdk are substitutes,
h, is negative.o is negative.
Substitution of (10) into (12) yields (wittp* =0)

dx _ _x p*(1-4)

dr p [L- 1a)
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dx _ x A(p+f)

da p [L- ¥a)

dx _ _x Xa

= pl-ra)

Thus, total imports decrease with a rise in tdri€f., dx/dr <0),an increase in the
fine (i.e.,dx/df <0) and a fall in corruptiorfi.e.,dx/da < 0). A rise in tariff, a fall
in corruption and an increase in fine all raisedbeestic price of CFCs: the tariff
increases the cost of legal imports, a fall in@ption increases the detection
probability and raises the expected loss from dlégade and a higher fine results in
an increase in the expected cost of smugglinghAsptice of CFCs increases,
producers’ demand for CFCs falls and they substiilternatives for CFCs.

To find out the response of the fraction of illegaports to changes in the

parameters, differentiate (5) to get

A rT-b p* p*
dA =- d dp* dr - db
(p+ 1) 2a(p+ ) T2alpr 1) 2alpr )T
A A
-—da - df.
a (p+f)
Combine (10) and (13), to obtain (with = dp* = 0)*°
2. _ *
%:(1+)Ia ZAa)p (14)
dr  2a(p+ f)1-Aa)
dA A
u__ 15
da a‘l—Azaj (15)
ua__ 4 (16)

df  (p+f)t-2a)
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Note that(L- 2Aa + A°a )is positive for all values ofr and A that lie between 0
and 1. Hence, with corruption and the fine heldstant, a rise in tariff increases the
fraction of illegal imports (i.e.dA/dr > 0). Although a higher tariff raises the
domestic price of CFCs which results in higher éss®r the importers if illegal
imports are confiscated (the effect is capturethieythird term in brackets in the
numerator of (14)), legal trade becomes more castty/the importers choose to
increase the share of illegal imports. For a gieeiff and fine, a rise in corruption
increases the fraction of illegal imports (i.dd/da < 0). This happens because
higher corruption reduces the probability of datetand makes illegal imports
relatively more profitable. An increase in finethvcorruption and the tariff held
constant, decreases the share of illegal impo#gs i1/df <0) as a higher fine
raises the expected costs of importing CFCs illggal

To see how corruption, the fine and tariff affdieigal imports, use

ds= idx+ xdi to get”:

E:{UQJF M }‘()*(1'/‘)+ p™ X (17)

r p (p+f)] L-Aa) 2a(p+f)
ds [ A(p+f) 1] M

a {0 p a}(l—Aza) (18)
ds_| a1 AX
d_f{a p p+ f}(l—Aza)' (19)

The results in these equations indicate that arfalbrruption and a rise in fine

decrease illegal imports of CFCs (i.ds/da <0 andds/df <0). A fall in
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corruption raises the probability of detection, \eta higher penalty increases the
expected costs of illegal imports. Either of theffects makes smuggling less
attractive. Moreover, by raising the domestic po€E€FCs, a fall in corruption and
an increase in fine lead to greater substitutioaltefrnatives for CFCs.

The effect of a higher tariff on illegal trade gwever, ambiguous. There
are three ways in which a higher tariff effects guantity of smuggled CFCs: (i) by
increasing the domestic price of CFCs, it encowsdlge producers to change to
alternatives; (ii) since a higher price also inese=athe expected loss in revenue on
the confiscated goods, it makes illegal importatregly less attractive; (iii) it
increases the share of smuggled CFCs by raisinga$teof legal imports. Effects (i)
and (ii) are negative and are captured by thedimst second terms in square brackets
in (17); effect (iii) is positive and is captured the third term. The more responsive
the demand for CFCs is to changes in price (he.)drger is the absolute value of
o), the larger is effect (i). Also, the lower is nggtion (i.e., the higher ig ), the
larger are effects (i) and (ii) and the smallegfiect (iii). Finally, the higher is the
value of finef, the smaller are effects (ii) and (iii). From (14¢ know that the size
of (iii) is always greater than that of (ii), saththe net effect of the tariff on illegal
imports will depend on the relative strength oketf(i) and the difference between
(i) and (iii).

Using dI = (1-A)dx— xd} , we get

d _[ (@-2? ([+ra-24a)] p*x
E{U p 2a(p+ f) }(1—/]20’) (20)

www.manaraa.com



33

dl [ A(p+f)i-A), 1] Ax

da{a p Ya (- 2%a) 1
ﬂ{a)la(l—/\)+ 1 } Ax 22)
df p p+f|lL-Aa)

From (20), we note that a higher tariff reducesatmunt of CFCs imported legally
(i.e., dl/dr <0). With arise in tariff, the importers get higrexpected profits from

illegal relative to legal trade and hence impowidelegal CFCs, and the producers
start to use more substitutes as a response tweease in the domestic price of
CFCs.

The effects of corruption and the fine on the gitaoff legal imports are,
however, ambiguous. A fall in corruption unambigsigueduces the share of illegal
imports in the total mix by increasing the probipibf detection, but the absolute
guantity of legal imports does not necessarily. risthe absolute value af is high,
the reduction in total imports due to substitutiath alternatives may be so large
that, on balance, a fall in corruption reducesll@gports. Note also that if the initial
value of finef is large, the reduction in total imports is amplifiso that as
corruption falls, the amount of legal imports deses. Formally,

(1+o(1-2)Aa)p
o(l-2A)Aa

if f<- , a fall in corruption increases legal imports, asithe fine

(1+o0(-A)Aa)p

ets larger, i.ef = -
J J o(l-A)Aa

, the effect of a fall in corruption disappears

or becomes negative. A higher fine leads to a ligke in the domestic price of
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CFCs as a response to a fall in corruption; thdrgs the change in price, the
more willing the producers are to use alternatteeSFCs.

Just as a fall in corruption, an increase in fieguces the share of illegal
imports. But since total imports decline due tositbtion with alternatives, the
absolute quantity of legal imports may fall withise in fine. The larger is the
absolute value ot , the larger is the reduction in total imports. &lthe larger is

the initial value otr , the greater is the decline in total imports.nralty, if

a<- P , legal imports increase with a rise in fine, while
al-2)A(p+ f)
az=- P , the effect of fine disappears or becomes negative

al-2)A(p+ f)
Intuitively, the lower is the level of corruptiotine higher is the increase in the
domestic price of CFCs as a result of a rise ia &ind the greater is the decline in
the demand for CFCs as producers turn to altemstiv

Equations (19) — (21) have important implicatioosthe empirical analysis
below. Although the tariff unambiguously decredsgsl imports, the size of its
effect depends on both the level of corruption famel However, since we do not
impose any specific form on the production functiongoodyY, it is not possible to
derive the sign of the interaction effects betwientariff and corruption or the fine.
Both the sign and the size of the effect of cotinrpbn legal imports depends on the
level of fine and tariff, while the sign and theesiof the effect of the fine is
dependent on the level of corruption and the tariff

The comparative statics results are summarizelinerl.
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Table 1. Comparative static results

Comparative Interpretation
Statics
ds As the tariff rises, the share of illegal imporisreases. However, total imports fall
E >=<0 because producers substitute alternatives for CF@ latter effect dominates, a
= | . (L-210 + a)
raise in the tariff may lower illegal imports. ff > —p — , the
20a(1-2)A
latter effect dominates.
ds A fall in corruption decreases illegal imports thgh a rise in the probability of
—<0 detection.
da
ds 0 Arise in the fine decreases illegal imports thitmagise in their marginal cost.
—<
df
dl 0 A rise in the tariff decreases legal imports thioagise in their marginal cost.
—<
dr
dl As corruption falls, the share of illegal imporesctines. However, total imports
d_ >=<0 | fall because producers substitute alternative€fs. If the latter effect
a dominates, a fall in corruption may lower legal oris.
(1+o@-2)1a)p .
Iff>- , the latter effect dominates.
o(l-MAa
dl As the fine increases, the share of illegal impdéslines. However, total imports
E >=<0 fall because producers substitute alternative€feCs. If the latter effect
dominates, a rise in the fine may lower legal intpor
fa>- P , the latter effect dominates.
ol-)A(p+ f)
Empirical Work
Specification

Although the theoretical model predicts the di@ctof change in both legal

and illegal imports as a response to changes ipdhamneters, it is not possible to

test the relationships captured in (17), (18) dr@) 6ince data on illegal trade is not

available. Thus, the objective of the empiricallgsia is to test implications on the

relationship between the level of legal import<&iCs, honesty (corruption), the
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tariff and the fine captured in (20), (21) and (B2)ng unbalanced panel data on
consumption of CFCs for 82 countries for the pefroth 1996 to 2002. Based on
the results of this estimation, inferences abdegdl imports can later be made.

The random-effects regression model is used toita&eaccount important

heterogeneity between countries. The hypotheseationship is:

L =y+Z, B+ B, + B T, + 71, + Bt + 7 a1, + BT, +v, +e (23)
wherel, is legal imports of CFCs for countrat time period; y is a constantg,

is a vector of controlsg, is the level of honesty in countrat time period; f, is
the level of fine;r, is the level of tariff;5* is a coefficient vector and

f af f H
BB, B, 67,67, are coefficient scalars. The random error compbue

captures time-invariant country-specific effectd assumed to be uncorrelated

with the explanatory variables. The error comporenis an independent, normally

distributed random variable with zero mean and t@oris/ariance for ail andt.
This specification allows interaction effects bedwdnonesty and law,
between honesty and tariff and between law antf tamplied by the model. The
predictions of the theory are:
Prediction 1.The tariff unambiguously decreases legal impaevtsch
implies that the sign of the coefficient on theftahould be negative even
though the size of its effect is dependent onéfrellof honesty and the fine.
Prediciton 2Honesty increases legal imports if the fine is lmy reduces

legal imports if the fine is high. Thus, we shoakpect the sign of the
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coefficient on honesty to be positive and the sifjthe coefficient on the
interaction term between honesty and the fine todugtive.

Prediciton 3The fine increases legal imports if honesty is awreduces
legal imports if honesty is high. Our expectatians thus that the sign of the
coefficient on the fine will be positive and agdime sign of the coefficient
on the interaction between honesty and the finebegihegative.
As explained above, the signs of the interactidects between honesty and the
tariff and the fine and the tariff can not be dedvrom the theory. Thus our

inference about their effects should be based ermhpirical estimation.

Data

The data on CFC production and consumption arertegpoy the United
Nations Environmental Program (UNEP), where congionps defined as
production plus imports minus expdfts Since the theoretical model assumes that
all CFCs are imported, only those countries whef€ @roduction is zero are
included in the sample. As a result the data oswomption represent net legal
imports of CFCs in tonnes multiplied by ozone-daptepotential (ODP).

An index of corruption is drawn from the Internaii Country Risk Guide
(ICRG) produced by The Political Risk Services (PB®up, Inc. The ICRG
corruption index captures the degree to which “lggliernment officials are likely
to demand special payments,” but also the extewhioh “illegal payments are

generally expected throughout lower levels of goment” in the form of “bribes
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connected with import and export licenses, exchaogérols, tax assessment,
policy protection, or loans” (Knack and Keefer 1295 the theoretical modefy is
inversely related to corruption representing a meaesf public honesty; thus, the
ICRG index is referred to as honesty. This corradgdo the scale of the ICRG
index where 0 indicates the highest level of caraup or the lowest level of
honesty, and 6 the lowest level of corruption,har highest level of honesty.

The ICRG dataset contains data on law and ordécépdure the strength
and impatrtiality of the legal system, on the onedhand popular observance of the
law, on the other. Higher scores indicate “sounidtipal institutions, a strong court
system, and provisions for an orderly successiquoofer.” Lower scores indicate “a
tradition of depending on physical force or illegaans to settle claims” (Knack
and Keefer 1995). Since it is not possible to sbtamparable data on
environmental fines in different countries and sigountries with strong legal
systems are expected to impose higher fines ayallleFCs, this index is used as a
proxy for the level of fine and is further referrdas the rule of law. It ranges from
0 to 6, with 0 being the lowest level and 6 beimg highest level of the rule of law.

The connection between the level of fine and the ofilaw can be
demonstrated by comparing the maximum fines in t@swith economies in
transition (CEITSs) and the European Union (EU) mensates. In 2001, the
average score in terms of rule of law was 3.8 faf18 and 5.4 for the EU member
states. According to the UNEP OzonAction Newslg2€01), almost all CEITs had

legislation that accorded fines of up to US$25,fab0llegal trade in ODS by that
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time, but only one or two countries introduced peesof imprisonment. In
contrast, fines on illegal activities involving Oxssome EU countries could be
unlimited and the legislation in the majority oEtBEU member states ensured
imprisonment penalties in addition to fines.

Data on average tariffs for CFCs are taken fromrttaele Analysis and
Information System (TRAINS) database maintainedhgyUnited Nations
Conference on Trade and Development (UNCTAD). Tatagkt provides data on
CFC tariffs since 1996. An alternative measurtaoff can be taken from the World
Bank’s “Trends in Average Tariff Rates for Develogiand Industrial Countries,
1986-2003.” This database contains average tatiésrfor all goods. However,
since environmentally conscious countries may hawetariffs on most of the
goods, but high tariffs on environmental goods.(elgveloped countries), and vice
versa, this is not a very good proxy for tariffpmsed on imports of CFCs. This
measure is therefore only used in the robustnesigsas as a proxy for the overall
openness to trade.

Although in the theoretical analysis it was posstil treat the equilibrium
values of total imports and the share of illeggbams (and consequently the values
of legal and illegal imports) as being applicaloléhte whole industry, in the
empirical analysis we have to control for the ©izéhe CFC industry in different
countries. Population could be used as a proxyhisrvariable as it reflects the
demand for goods where CFCs are used as inputs jproduction process.

Naturally, the greater is the demand for CFC ugimgds, the higher are the levels of
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legal CFC imports. Besides, to take into accouati¢wel of economic
development and the demand for environmental gualitifferent countries, Gross
Domestic Product (GDP) is used as a control vagididbreover, the quadratic term
of GDP is added while conducting robustness checkiow for the possibility of
an inverted-U relationship between environmentalliguand economic growth as
specified in the literature on the Kuznets curvecdtding to the Kuznets
hypothesis, the coefficient on GDP should be pasiéind the coefficient on the
guadratic term of GDP should be negative indicatirag imports of CFCs grow at
low income levels and decline at high levels. Datgpopulation and GDP are taken
from the World Bank’s “World Development Indicatdr$hese variables constitute
the basic set of controls.

Additionally, the 1986 level of CFC imports is usacsome of the robustness
checks as a control variable. The level of CFC irtgoshould depend on the
marginal cost of satisfying the targets of the Meak Protocol. The Protocol
requires that nations reduce their consumptionfE£by a certain percentage of
their level of consumption in 1986: each party sti@chieve its 1986 level by July
1, 1989, 75% of its 1986 level by January 1, 19%d H00% of its 1986 level by
January 1, 1996. Countries with high import level$986 initially incurred greater
costs of complying with the Protocol than countmeth low levels. Thus the initial
1986 level should be positively correlated withdkignports of CFCs. Since some of

the countries in the sample could be involved enghoduction of CFCs in 1986, the
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data on CFC imports in 1986 are obtained by sutimigaproduction from
consumption; that is why some of the values magdugative.

Summary statistics are reported in Table 2.

Table 2. Descriptive statistics

Variable Observations Mean Std. Dev. Minimum Maximu

CFC imports (in ODP 226 740.326 1475.375 0.000 9275.050

tones)

Honesty 226 2.884 1.233 0.167 6.000

Rule of Law 226 3.704 1.325 1.000 6.000

Tariff on CFCs 226 5.922 6.036 0.000 35.000

GDP (in ten trillion

constant 2000 US $) 226 15.564 62.906 0.073 477.000

Population (in 226 33.218 47.016 0.270 212.000

millions)

Average tariff on all 225 12.222 7.106 0.000 36.600

goods

1986 CFC imports 219 842.121 1655.673 4944.000 666D
Results

Empirical results from estimation of (23) are presd in Table 3. Model 1
shows results when only GDP and population areided as control variables. GDP
enters negatively and significantly implying thiae thigher is the level of economic
development, the greater is the demand for enviemah quality and the faster is
the process of substitution of alternatives for €2CThe coefficient on population
is positive and significant indicating that an e&se in population which measures

the demand for goods that use CFCs, such as neftige and air conditioners, and
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consequently reflects the size of the CFC industiads to a higher quantity of
legal imports.

The coefficient on honesty is positive and sigaificat the 10-percent level.
The coefficient on the rule of law (which is usedaaproxy for the fine in the
empirical analysis) is also positive and significanthe 1-percent level. The
interaction term between honesty and the rulewfisanegative and significant at
the 5-percent level suggesting that the effectsookesty and the rule of law on the
level of legal imports are interdependent. All lnése results are consistent with the
theory.

The coefficient on the CFC tariff is negative asdxcted by the model but
not significant. Note, however, that the interactizetween honesty and the CFC
tariff is positive and significant at the 5-percétel implying that the effect of tariff
on legal imports is conditional on honesty and wieesa, consistent with the theory.
The interaction between the tariff and the ruléa®f is negative but not significant.
Although the theoretical model does not yield amgdictions about the sign of the
interaction effects with the CFC tariff, the emgali findings suggest that the
negative impact of the CFC tariff on legal impaststronger in those countries

where corruption is high (i.e., honesty is low).

www.manaraa.com



Table 3. Random-effects GLS regression estimates

43

Model 1 Model 2 Model 3 Model 4 Model 5
Honesty 310.433* 335.960* 291.945* 351.141* 286.507*
(170.796) (172.550) (174.003) (172.271) (169.842)
Honesty*Rule  -76.904** -84.293** -67.6267* -83.804** -87.242%*
of law (38.131) (38.847) (39.984) (38.830) (37.976)
Rule of law 451.207**  456.981%** 346.142** 418.347**  353.604%
(137.771) (138.208) (148.338) (137.870) (136.309)
Rule of -3.070 -3.060 2.306 -4.791 -4.602
law*CFC tariff (g 5071 (9.597) (9.912) (9.847) (9.621)
CFC tariff -53.166 -51.454 -79.87546* -33.080 -25.582
(44.677) (44.711) (46.802) (48.750) (47.693)
Honesty*CFC 20.853** 20.634* 17.695* 17.684 13.882
tariff (10.662) (10.662) (10.701) (11.151) (10.962)
GDP -7.054%*x 3.505 8.352 6.932 13.031
(2.218) (11.979) (11.933) (11.741) (11.560)
GDP squared -0.022 -0.030 -0.027 -0.038
(0.025) (0.024) (0.024) (0.024)
Population 24.903%** 23.676%** 22.466%* 22.113%** 20.432%%*
(2.907) (3.209) (3.191) (3.220) (3.170)
Average tariff 30.741*
on all goods (15.305)
1986 CFC 0.122* 0.124**
imports (0.062) (0.061)
Time trend -84.197***
(26.187)
Constant -1672.887**  -1710.901** -1652.011** -1761.469**  -171.885
(519.527) (522.417) (522.084) (522.809) (710.673)
Observations 226 226 225 219 219
Wald statistic 89.90%** 92.35%** 100.69*** 87.48%*+ 103.02%**

Notes Dependentariable is imports of CFCs in ODP tones. Standardrs in parenthesis beneath
coefficient estimates. *** ** * Denotes significarat the 1, 5 and 10 percent level, respectively.

The marginal effect of honesty on legal import:)dibonal on the rule of

law and the CFC tariff is depicted in Table 4. Tobumns show the marginal effect

of honesty for minimum, mean and maximum valuethefrule of law while the

rows depict the marginal effect of honesty for minom, mean and maximum values
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of the CFC tariff. For both the minimum and meatuga of the tariff, the
marginal effect of honesty is positive (and sigraft) if the rule of law is weak and
negative (although not significant) if the ruleladv is strong, supporting the
theoretical conjectures. When the rule of law isikv@.e., the penalty for illegal
trade is minimal), there are more incentives fiegidl trade so that the level of legal
imports is maintained high as the latter can bel tisenask illegal activities. On the
other hand, strong rule of law makes illegal tradess attractive option; as a result,

legal imports fall due to a faster transition teatatives.

Table 4. Marginal effect of honesty conditionaltbe rule of law and the CFC tariff

Rule of Law Minimum Mean Maximum
CFC Tariff
Minimum 233.529* 25.616 -150.992
Mean 357.027*** 149.113** -27.494
Maximum 963.390*** 755.476** 578.869

*** *x * Denotes significance at the 1, 5 and 10rpent level, respectively

Table 5 depicts the marginal effect of the ruléa@f conditional on honesty
and the CFC tariff where columns refer to the mumm mean and maximum values
of honesty and the rows to the minimum, mean arnxirman values of the CFC
tariff. Consistent with the theory, the margindket is positive (and significant) if
honesty is low and negative (although not signifit&# honesty is high. Although
higher corruption creates a better environmeniilfiegal trade, legal imports should

be quite high so that they could be used as a dovemuggling. In countries where
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honesty is very high, the rule of law has a negagiffect on legal imports because

CFCs become very expensive and producers switahematives.

Table 5. Marginal effect of law conditional on hetheand the CFC tariff

Honesty Minimum Mean Maximum
CFC Tariff
Minimum 438.389*** 229.427** -10.218
Mean 420.207** 211.244%* -28.401
Maximum 330.933 121.970 -117.675

*** *x * Denotes significance at the 1, 5 and 10rpent level, respectively

The marginal effect of the CFC tariff on legal innggoconditional on honesty
and the rule of law is shown in Table 6. The colanmdicate the minimum, mean
and maximum values of the rule of law and the rdvesminimum, mean and
maximum values of honesty. The predictions of temty are supported at the low
level of honesty where the marginal effect of CR@ftton legal imports is negative
regardless of the level of the rule of law and sigant at the mean and maximum
values. When honesty is high, the marginal effecbmes positive, inconsistent
with the theory. None of the positive effects iswever, significant. Thus, Table 6
provides evidence, even though weak, for the theateconclusion that legal
imports will be lower in those countries that héawgher tariffs on CFCs. The results
also suggest that the stronger is the rule of lagvthe higher is the tariff, the lower
are legal imports of CFCs. A higher fine reducesititentives for illegal trade,

while a higher tariff results in faster substitutifor alternatives.
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Now we can proceed to examine changes in illegpbits based on the
regression estimates and the implications of teerth It turns out that knowledge
about a country’s level of corruption and ruleafImay help determine the actual
level of compliance with the Montreal Protocol. Tef4 and 5 show that both
countries with strong rule of law and low corruptiand countries with weak rule of
law and high corruption have lower legal import<C#iCs than countries where
either rule of law is strong and corruption is hatrule of law is weak and
corruption is low. Since the theory suggests th tand illegal imports are also
lower in countries with strong rule of law and learruption and higher in countries
with weak rule of law and high corruption, we camclude that lower legal imports
in the former is a sign of better observance ofremvnental regulations (which
require a decrease in the consumption of CFCs)eudwer legal imports in the
latter point to widespread illegal activity and eta&ration in environmental

performance?®

Table 6. Marginal effect of the CFC tariff condited on honesty and the rule of law

Rule of Law Minimum Mean Maximum
Honesty
Minimum -52.761 -61.061** -68.112*
Mean 3.901 -4.399 -11.450
Maximum 68.882 60.582 53.531

** *x * Denotes significance at the 1, 5 and 10rpent level, respectively
Similarly, Table 6 shows that legal imports are éown both countries with
weak rule of law and low CFC tariffs and countuath strong rule of law and high

CFC tariffs than in countries with either weak rafdaw and high CFC tariffs or
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strong rule of law and low CFC tariffs. The theara@tmodel suggests that total
imports of CFCs are higher in the former and lowehe latter, so that lower legal
imports in countries with weak rule of law and ltawiffs point to a slower transition

to alternatives and a lower level of compliancéwtite Montreal Protocol.

Robustness checks

Since the empirical model includes three interacteyms, there is a
possibility that the results are influenced by heginrelation between the explanatory
variables. To see whether the inclusion of add#@imariables or changes to the
sample size may have a significant impact on tkedficeent estimates, a few
robustness tests on the results of Model 1 repantédble 3 are warranted.

In Model 2, the quadratic term of GDP is addeddroant for the possibility
of an inverted-U relationship between economic ghoand demand for
environmental quality. The signs of coefficientskath of the GDP variables are as
expected; none of them is however, significant.cltler results remain practically
the same. In Model 3, an experiment with the awvetagff on all goods as an
additional control variable is made. The ratiortzéind the inclusion of this
variable is that the overall openness to trade (ower average tariffs) may be
negatively correlated with legal imports of CFCpen trade facilitates the
introduction and procurement of CFC free techn@sgind products and CFCs are
substituted with alternatives. The coefficient ba CFC tariff becomes significant,

and all the other findings continue to hold. In Mbd, yet another variable, the 1986

www.manaraa.com



48
level of CFC imports, is added to the set of cdstrits coefficient is positive and
significant at the 10-percent level, supportinghigpothesis that the level of imports
in 1986, used as a benchmark for verifying comgkawith the protocol, should be
correlated with the level of imports in subsequezdrs. However, with the inclusion
of the 1986 import level, the interaction term bedw honesty and the CFC tariff
becomes insignificant; all other results do notngeamuch. Finally, Model 5
contains the time trend in addition to all othernatles. The time trend captures the
increasing reductions in the use of CFCs specifigdde phase out schedule of the
Montreal Protocol as well as any dynamic changésdhnological development and
changes in preferences due to education. Its coeitiis negative and significant,
implying that legal imports of CFCs decline witma.

Moreover, since we have an unbalanced panel ddtthamumber of overall
observations is not much higher than 200, all effthe models in Table 3 were
estimated using the maximume-likelihood method. &smates are not reported
here, but all of the findings remain intact.

Since Article 5 countries were allowed to delayithplementation of the
control provisions in the Montreal Protocol unt9D, all of the five models
presented in Table 3 were estimated on a smalteplsathat included observations
only on Article 5 developing countries. (Since thare 18 non-Article 5 countries in
the sample, it was not possible to estimate theatsagsing only non-Article 5
countries.) Broadly speaking, the primary findimge confirmed in this subsample;

however, the coefficient on honesty and its inteoaceffect with the rule of law
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become insignificant. A possible explanation mayHae since Article-5 countries
could delay their compliance with the Montreal Boati until 1999, corruption did

not play a significant role before that date.

Concluding Remarks

In this paper, a partial equilibrium model of ilddrade in environmental
goods is analyzed. Because of the clandestineenaftsmuggling, it is not possible
to test the predictions of the theory about themtxand direction of response of the
illegal activity to changes in parameters. Butttheoretical model allowed us to
determine changes in legal activity taking placehmpresence of smuggling and test
the theoretical predictions using panel data oallegports of CFCs.

Both the theoretical and empirical conclusions haygortant implications
for determining compliance with environmental regigdns under an international
treaty when the imposition of quantitative restans results in the smuggling of
certain polluting substances across borders. Sliegal trade in these substances
cannot be observed, data on legal imports repootedernational monitoring
agencies do not always reflect the actual levebofpliance with the requirements
of the treaty. The analysis in this paper showskhawledge about legal
environment, the level of corruption and environtaktariffs in different countries
may help international observers gain better urtdiedsng of the true level of
pollution emitted in those countries. For examplesountries where penalties for

illegal behavior are high, lower corruption or heglenvironmental tariffs lead to
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lower legal imports of CFCs. Since lower legal impan this case are
accompanied with lower total imports of CFCs, tpeynt to higher environmental
performance. However, in highly corrupt countridsewe penalties are low, lower
legal imports indicate that higher amounts of CR&@ge been transported illegally
and the overall use of CFCs has been increased.

Both the theory and the empirical evidence iderdiyinteraction between
corruption, rule of law, environmental tariff arligal trade. In general, higher
penalties for illegal behavior and lower corruptreduce the overall use of CFCs
and the best outcome is reached in those coumthege the two complement each
other. The results regarding the effect of tan& eather mixed but it is clear that the
negative effect of tariff on legal imports is mgm®nounced when the rule of law is
strong.

This study focuses on compliance with the MontRzakocol, but could be
extended to other environmental issues, layinggtbandwork for a more general
analysis of the role corruption plays in securidgerence to international

agreements.
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Chapter 2 Notes

! There is evidence from the Environmental InvesiigeAgency (EIA) that
Pakistan’s Ministry of Commerce has issued impotharization for shipments of
CFCs to parties who are not involved in the refiagjen business, and have never
before imported refrigerants. EIA’s report “A Criragainst Nature,” cites examples
of illegal traders in China telling EIA undercovavestigators that they will be able
to secure the necessary papers from the local dtiglspor when they in fact
produce documents for smuggled shipments stamp#ueb@hina Council for the
Promotion of International Trade (Shanghai).

2 Sandler and Arce (2003) analyze benefit-cost duadidifferentiate between pure
public goods and commons and find that a publidgmmtribution scenario
involves positive inducements while a commons gaobaracterized by selective
punishments, which are more difficult to implemértiey compare the Montreal
Protocol (a contribution problem), which resultadnidespread participation, to the
Kyoto Protocol on climate change (a commons proplem

3 Damania (2002) using a principal-agent framewanksiders a case when emission
tax is imposed on the firm that emits pollution aadcludes that a higher tax creates
stronger incentives to underreport for the inspect@arged with monitoring

pollution levels by the government, which in tueguires greater auditing.
Mookherjee and Png in a similar setting show tleaigities for corruption and the
extent of bribery may reverse direction so thatdnmcreases in penalties may raise
bribery, while larger increases will reduce it.”

* According to the Kuznets curve hypothesis, thati@hship between economic
growth and environmental degradation takes an taded shape so that at low
levels of income countries value material well-lgeinore than environmental
guality but as their income grows and cleaner petdo technologies develop
public demand for higher environmental standardseimses. Empirical estimations
of the Kuznets curve have been done by Grossmaiaugtjer (1995), Shafik
(1994), Cole et al. (1997), Kaufmagnhal. (1998) and others.

> Most of the studies of the Montreal Protocol dtstus on the participation or
ratification decision rather than on the actuallenpentation of the provisions in the
Protocol (see Beron, Murdoch and Vijverberg (2083) Congleton (1992)).

® A simultaneous analysis of both the participatiesision and the level of
participation in an environmental treaty can benfibin Murdoch, Sandler and
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Vijverberg (2003), who formulate a two-stage gafoewhich nations first decide
whether or not to participate and then choose taeeal of participation.

" For exampley could stand for the manufacture of refrigerataraipconditioners.

® The government imposes the tariff to reduce theoits of CFCs but the
assumption is that once the tariff is set, it istlyofor the government to change the
tariff schedule often. Thus, the tariff is treatesdlexogenous.

® This is a reasonable approximation because asaitedi in Copeland (2001),
endogenizing the fine would require an analysithefentire legal system.

19 Condition (4) implies zero expected profits foe importer. To see that, set the
expected profit function equal to zero, divideytband rearrange, to get (4).

X The total loss in revenue if illegal imports aiscdvered and confiscated can be
written as— Aa(pAx).

12 Condition (5) can be rewritten &lap + 2Aaf +bp* = p* , where the left-hand

side represents the expected loss (consistingleteease in revenue and an increase
in cost) from choosing to import one extra uniGHCs illegally instead of legally

and the right-hand side indicates the expected gain

13 We used (5) to eIiminatéZAap_z(E ;?p) +2}lm)d/] from (10).
-a

“The change in the price of alternatives is set leiqueero because the change of
technology required for the introduction of altedimes or adjustment of equipment
that uses CFCs is rather costly and is likely tslbes. Therefore, it is assumed that
the price of alternatives did not change much enx@-year period covered in the
empirical analysis.

1 The second-order condition requires tieih,,dx? + 2h,, dxdk+ h, dk?) < 0. One
of the conditions for the quadratic form in thediets to be negative is that the
Hessian determinar(hxxhkk - hxzk) should be positive.

18 As long as there is demand for illegal shipmeft§ECs, the distributors will
transport CFCs illegally to those countries whéeeliribe rate is the lowest, so that
eventually competition will beat down the bribeeréd the lowest expected marginal
cost of the services provided by corrupt governiaeriticials or customs officers.
Therefore, it is assumed that the bribe rate perafivalue of illegal imports is
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constant. The change in the world price of CFGdde set equal to zero in
developing the theoretical model since later inghmpirical analysis, we only need
to control for changes in the world price acrossgas as it does not change across
countries.

2 *
T Note thataa = WA=l A A
oemha 2a(p+ f)L-Aa) ’ all- Aa) “ (p+ f)l1-2a) o
_ xp*(@a-2) x A(p+f) x Na .
dx=0— d — d — df with
0 ma) T - aa) T T e a)”
db=dp* =dr=0.

18 Only data on CFC-11, CFC-12, CFC-113, CFC-114@R@6-115 listed in Annex
A of Group | of the Montreal Protocol were usedha analysis since illegal trade in
these substances has been particularly widespread.

19 This result is consistent with Murdoch and San(ll®©7), who show that there is
a nearly linear relationship between CFC reductaorg national income prior to the
Montreal Protocol taking effect.

29 In our dataset, countries with strong rule of kvd low corruption are high-

income nations whose environmental performancerhdgionally been very strong.
For example in 1998, Canada, Denmark, FinlandaihmkINetherlands and Sweden
were assigned the maximum value of 6 both in theekty and legal system ratings.
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Chapter 3. Corruptible Inspectorsand Air Pollution in Europe

This chapter examines transboundary air pollutioBurope. The focus is on
a polluting firm that has strong incentives to brdn environmental inspector to
report emissions lower that the actual levels. Spart of the emissions from one
nation falls on the territory of neighboring coues; transboundary spillovers are
taken into account. The theoretical model derivesligtions about the effect of
corruption, the rule of law and transbpundary sp#érs on both actual and reported
emissions. The hypothesized relationships reggndiported emissions are tested
using spatial econometric techniques and the EM&E® ah sulphur pollution.
Inferences about actual pollution levels are made. findings indicate that both
corrupt countries with weak legal systems and homggmes with strong judicial
institutions have relatively low emission repoH&wever, actual emissions in the
former are much higher than in the latter, indiogfiower environmental

performance.

The link between sulphur emissions in continentabige and the
acidification of lakes in Scandinavia was firstsested by scientists during the
1960s. As evidence that pollutants could traveldneds of kilometers from their
point of emission to affect air quality and ecosyss$ far away had accumulated, the
need for regional solutions to address the probl@s soon recognized.

International efforts to improve the air qualityl It the ratification of the
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Convention on Long-Range Transboundary Air Pollu(ioRTAP), signed in
Geneva in 1979. The convention has set a broacefkamk for action to stop air
pollution and has been extended by three spedaibitopols aimed at reducing
sulphur dioxide emissions to the atmosphere.

Although from1980 to 2000, there has been a coreitie decrease in
sulphur emissions over most parts of Europe (tlegadhreduction has been nearly
70%), there are large differences in achievemegtisden countries and regions.
The largest reductions, close to 90%, have beeeathin regions such as Austria-
Germany-Switzerland and the Nordic countries. Thalkest reductions are seen in
south-eastern Europavhere the emissions in average have decreasabbyd
40%. In several Mediterranean countries and iralo&| there have even been
increasing emissions during the period.

This research project suggests that the amountlhition produced by
different countries may partly depend on such falitconditions as corruption and
the rule of law. In order to implement the changegiired by the protocols,
governments introduce a system of charges and{es tan emissions. For example,
in Bulgaria where the charge for air pollution &aulated taking into account
pollutant type, period of discharge, quantity otrex admissible level, and price per
kg, the offender must pay monthly until emissioesch admissible level. However,
the task of monitoring the degree of compliancénweitvironmental regulations is
usually delegated to bureaucrats who act as govantahagents. If these agents are

self-interested, they may exploit their administ@iauthority for personal gain,
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rather than the purposes intended by the policyemsaland extract bribes. Bribery
is facilitated by weak enforcement on the parthef government or lack of rule of
law.

The paper focuses on the effects of corruptiontbadine imposed on
environmental violations on compliance with regulias that have to take into
account the long-range transport of the pollutaisen environmental inspectors
who are appointed by the government to monitorypiolh from firms accept a bribe
to report emissions lower than the actual levardlexists a gap between the levels
of actual and reported emissions. If the firm dmihspector never get caught, it is
impossible to obtain data on the amount of emissibat did not get into the reports,
while the data on reported emissions are availab@y event Thus, the analysis
begins with a theoretical model that derives prigains about the effects of
corruption, the fine imposed on a polluting firndaam inspector for underreporting
and transboundary spillovers for both total anebregal emissions. Then, the
theoretical conjectures are tested using dataddtutopean countries for five
separate years and inferences about total emissiahthe difference between total
and reported emissions are made.

The basic conclusions of the theory for reportedssions can be
summarized as follows. A fall in corruption increaseported emissions if the fine
rate is high; however, it decreases reported eamssf the fine rate is low. The
intuition behind this result is that as corruptaetlines, the expected fine for

underreporting rises and it is in the interestgheffirm and the inspector to
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simultaneously increase reported emissions andrlaateal emissions. However,
as actual emissions go down, the damage from atiadd unit of pollution
declines and the government starts to spend fexgeurces on auditing. As a result,
reported emissions may fall with a fall in corrapti The incentives for
underreporting are particularly strong when the fiate is low. A higher fine rate
increases emission reports if corruption is lowybweer, the effect is reversed if
corruption is high. The explanation is similar be bne above: as the fine rate gets
higher, the expected penalty for underreportingaases encouraging the firm and
the inspector to increase reported and lower aetumdsions. When the amounts of
actual emissions decline, the damage from an exiitaof pollution is rather low and
the government audits are conducted less oftenhwhiary cause reported emissions
to decline with a rise in the fine rate. The lat##fect should be particularly strong
when corruption is high.

These theoretical predictions are tested using&sdon corruption and the
rule of law constructed by the International CoyRisk Guide. The rule of law is
used as a proxy for the fine rate imposed on enmiental violations in the
empirical analysis since higher fine rates poird tnore severe penal code applied
to environmental crimes and the latter is charatterof sound political institutions
and a strong court system able to enforce enviroteh&aws. The empirical analysis
largely supports the predictions of the theorycdnntries with weak rule of law (and
consequently lower fines) and high corruption,raprovement in either of the two

conditions is associated with lower emission repdfiowever, in countries where
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the rule of law is relatively strong and corruptiemelatively low, a similar
improvement results in higher emission reports.

The rest of the paper contains five sections. Trisedection presents the
literature review. The theoretical model and predits are derived in the second
section. The third section contains the empiricatiel and the data. The fourth

section presents the empirical results. The fifittion concludes.

Literature Review

According to Barrett (2003), international institutts are successful only if
they incorporate “mechanisms like carrots (positneentives) and sticks (negative
incentives) that make it attractive for countriecontribute to the greater good.”
Compliance levels per se may sometimes be considsran important evaluative
criteria in regime design (Mitchell, 1994); howewviermany cases, a higher level of
compliance may only be an indication that the maéional agreements codify what
most of the parties were planning to do anyway (B®et al., 1996). A number of
studies argue that the Helsinki Protocol on theuRedn of Sulphur Emissions and
their Transboundary Fluxes did not noticeably cleaifg behavior of states as most
of them were going to reduce their emissions el/éreiagreement had never been
negotiated (Levy, 1993; Levy, 1995; Murdoch anddbam 1997a; Murdoch et al.,
1997; Murdoch et al., 2003; Ringquist and Kostada@005). Similar conclusions
are drawn in Barrett (1994) and Murdoch and Sarnd®@97b) with respect to the

initial Montreal Protocol; however, the amendments tgtb&ocol (in particular, the
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London Amendment) have changed the incentive strecso that by
differentiating between poor and rich nations apddguiring that the rich countries
offer financial assistance to developing countiieeugh a Multilateral Fund , the
Montreal Protocol has achieved a higher level @pawation in contrast to other
treaties (Barrett, 2003; Sandler and Arce, 2003).

There is an extensive literature on environmemgllation, which focuses
upon policy instruments (Burrows, 1977; Burrows/9p compliance behavior and
penalties (Keller, 1991; Malik, 1990; van Egterewl &/eber, 1996; Heyes and
Rickman, 1999), the implications of political irtational arrangements (Congleton,
1992) and uncertainty (Downs and Rocke, 1995) éupon control. This
literature, however, has largely ignored the eftdatorruption on environmental
compliance.

The inherent difficulty of collecting (and hence thonexistence of) good
empirical data on the subject of corruption malesearch in this area quite
challenging. In recent years, however, a numbsubfective indices that rank
countries in terms of corruption have appearedltiagun a new interest in the
implications of corruption for political and econamiehavior. Following Bardhan
(1997), corruption in this paper is defined as ‘tise of public office for private
gains, where an official (the agent) entrusted walrying out a task by the public
(the principal) engages in some sort of malfeaséorggrivate enrichment which is

difficult to monitor for the principal”. This perggtive is similar to Shleifer and
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Vishny’s (1993) view of corruption as “the salegaivernment officials of
government property for personal gain.”

A lot of literature on corruption has focused oa thcentives for bribery and
ways to lower the benefits to be gained from its&@éckerman (1975), for example,
studies the relationship between market structndetlae incidence of corrupt
dealings in the government contracting process.klegee and Png (1995) apply
the analysis of the optimal compensation polictheoproblem of environmental
pollution. They show that an increase in the pgrfalt corruption imposed on the
inspector charged with monitoring pollution fronfeatory may raise the bribe rather
than reduce corruption and that a sufficiently éardjscrete, increase in the penalty
IS necessary to eradicate bribery.

As Klitgaard (1998) points out, tax departmentsaten one of those
contexts that are most conducive to corruptionti@darly in developing countries
(Klitgaard 1998). A number of studies have deathwax evasion in the area of
environmental pollution. Damania (2002), for exaep@xamines the optimal design
of environmental regulations when the environmeinigppector and the firm emitting
pollution may collude to misreport emissions amaié that corruption even though
can be deterred, substantially impedes the alafityregulator to control
environmentally degrading activities.

The literature on compliance also states that cammtespecting the rule of
law are far more likely to comply with their intetional commitments (Simmons,

2000). Interestingly, in the case of the formamdenvironmental policy,
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Fredrikksson and Mani (2002) find that an incraasgée degree of rule of law
may have two opposing effects. On the one hanttpager legal system results in a
higher stringency of environmental policy. On thilees hand, a greater degree of
rule of law raises a polluting industry lobby’s @mtives to offer the incumbent
government a bribe in return for favorable polidiesause, as a result of lower costs
involved with protecting property rights, the intlysgroup can keep a greater share
of profits; thus, the stringency of environmentaligy falls. Although this study
examines the process of environmental policy folonads opposed to compliance
with existing regulations, it points to the needdonsidering the joint impacts of
corruption and rule of law on environmental perfance as investigating their
separate effects is not enough.

Becasue sulphur dioxide emissions may remain imithir several days and
be transported across national boundaries by wguwls&rnments are not expected to
“internalize” transboundary spillovers and as ailteshe international abatement is
likely to be inefficient. In the absence of supitam@al governments with enforcing
power, local planners may act strategically withjarel to national abatement effort.
Murdoch and Sandler (1997b) build an impure pusllibscription model of sulphur
dioxide emission reductions that accounts for fparnsof emissions across borders
and then test their theoretical predictions uspafial autoregressive techniques. In a
later paper, Murdoch et al. (2003) augment thidyamato a two-stage game, for
which nations first decide whether or not to rathg Helsinki Protocol (that

mandates the reduction of sulphur dioxide by 3084l then they choose their level
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of participation. Both studies find that a counsrgmission cutbacks decrease as
spillins resulting from the emission reductionsdblyer countries increase, pointing
to the problem of free-riding in transboundary pttin scenarios. Similar evidence
is presented in Ansuategi (2003), who addresseetatonship between income
and sulphur emissions by considering the transbanynhture of this type of
pollutant. Murdoch et al. (2003) also show thatligisi have the opposite effect at the

ratification stage where they represent the paaegtins from cooperation.

Theoretical Model

Consider a firm which, as a result of its productprocess, discharges
emissionsX). To control pollution, the government levieseamissions taxx) on
each unit of emissions and engages an inspectootator pollution from the firm.
The tax paid by the firm is based on the levelrofssions reported by the inspector
(X). This creates an opportunity for the inspectat fiim to engage in corrupt
behavior: the firm may offer a bribb)(to the inspector to report emissions x .
For simplicity, all firms and inspectors are assdr@ebe identical. The probability
with which word of a bribe may leak out and regnlprosecution is given tiyA(),
wherea [1[01] denotes the proportion of honest bureaucratsaputhiciary (an
inverse measure of corruption) aﬂ@?) is the probability of an audit by a

government agency. It is supposed thais decreasing in the level of reported

emissionx.
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If information about the bribe and the firm’s trdischarge leaks out, the
regulator imposes a fing" (9)(x - X) on the firm and a fine' (8)(x - X) on the
inspector, wheré& denotes the penalty rate. The fine paid per drehassions
missing in the report is allowed to differ for tien and the inspector; however,
both the penalty imposed on the firm and that eniispector are assumed to depend
on some paramete&t which represents the severity of the penal cogéiepto
environmental violations in general. Alternativellyis parameter can be viewed as
an indicator of the strength of the legal systemeesiconcern with the environment is
characteristic of sound political institutions andtrong court system able to enforce
environmental laws. It is assumed that the finesoruption per unit of emissions
are increasing in the penalty ra#)(at an increasing rate. Note that if the firm and
the inspector get away with bribery, the true lesfetmissions does not become
known to the government. However, if bribery is overed and the violators are
prosecuted, it is assumed that the government e information about the
actual level of emissions so that the fine impdsembmmensurate with the level of
underreporting.

The sequence of events is as follows. First, thegonent sets the tax rate.
Taking the tax rate as given, the firm and theaaspr jointly determine the level of
total () and reported X) emissions. The problem is solved by backward d¢tidn.

If the firm decides to bribe the inspector an antdx#® to report emissions

X < x, the expected gains to the firm from bribery are:

www.manaraa.com



67

U " = [r{x)-1%-b-aA(x)p" (6)(x— X)] - [{x") - x"]. ()

The terms in the first square parenthesis in tlov@lexpression represent the
expected payoffs to the firm from offering a bribf(x) denotes the firm’s profits
from emission levelg under corrupt behavior, gross of taxes, bribesfined. The
expected costs of a bribe include the taxes paithi®yirm on reported emissions,
the amount of the bribeand the fine the firm pays to the regula(8)(x - X)
with probability a/(X). The terms in the second square parenthesis eefiréee

payoffs when the firm does not pay a bribe. Tha fieceives gross profits of(xh)

where x" denotes emission levels under honest behaviopaysitaxes on actual
emissions ofrx" .
The expected gains to the inspector are:
Ui =[w+b-ai(%)p' (8)(x- %)) -w, )
wherew is the fixed salary received by the inspector. Tmms in the square
parenthesis represent the expected payoffs to#ipector from accepting a bribe.

The inspector receives a fixed salarywdnda bribe ofb. With probability aA(X),

the inspector pays a fine ¢f (6?)(x— )“() for underreporting the level of emissions.

The payoff from honest behavior for the inspecsasimply a fixed salary of.
Taking the tax rate and the fine as given, repaatetiactual emissions are
chosen to maximize joint payoffs from the bribenkeke the equilibrium level of

reported and actual emissions is established by
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MaxL =UF +U" = 77(x) - % - aA (R)P(6)(x - ) - m{x" )+ x",  (3)
where P(8) = p™ (8) + p' (6). The first-order conditions forand X satisfy:
x.  m —-aA(X)P(0)=0 4

x:  —r+aA(X)P(6)-aA,P(O)(x-%)=0 (5)

where subscripts denote partial derivatives. Taenthat a uniqgue maximum exists

and that it is stable, it is assumed that= 77, < , LQ =aPB <0, |L¢| <|Lg|, and
L] <|L,| whereB =24, = A, (x~%) and L, = a,P. Observe that the tax rate

has a direct effect on reported emissions but anlindirect effect on actual
emissions through its effect on the expected fine.
Equation (4) states that the equilibrium emissgatssfy the condition that

the marginal benefit from pollution to the firmeg(i.7z, ) equals the expected marginal

cost of increasing emissions (i1 (X)P(8)). Equation (5) suggests that in the
equilibrium, reported emissions are determinedduaéing the marginal cost of
increasing reported emissions by one unit {i.ito the marginal benefit from doing
so. The latter consists of the direct savings erfitie (i.e.aA(X)P(8)) and the
indirect effect on savings through a decreasearptibbability of a government audit
(i.e. aA,P(8)(x - %)) .

Note that although the analysis is carried ouerms of one firm and one
inspector, all firms and inspectors in the industny subject to the same values of

a,6 andr and consequently, choose identical solution vales andX. Thus,

www.manaraa.com



69
conditions (4) and (5) are valid for all firms angpectors in the industry and can
be treated as applicable to the industry-wide édzyuim.

Now we can proceed to examine the welfare-maxirgizgsponse of the
government. We assume a utilitarian welfare fumctidich is given by the sum of
the payoffs of all the agents in the model withaqueights assigned to the payoffs
from different sources. Thus, social welfare isegivy the sum of profits,
inspector’s payoffs, government revenue from taesfines, less government
spending on inspector wages and auditing, lesddahege from pollution. The costs
associated with auditing are denoteddﬁy) and are assumed to be increasing in the
probability of an audit at an increasing rate.

Since sulphur dioxide emissions can travel acrosddrs and get deposited
in neighboring nations, the damage from air padluttan not be analyzed in terms of
one country: the transboundary spillovers comiognfiother nations have to be

taken into account. We follow Murdoch and Sandl®9(7b) and denote the damage

from pollution in country byD(Xi ) whereX; = w; X, + >Zi, w; is the fraction of

emissions generated in countrgnd deposited on itseIPZi is the emission spillins

. n
from n other countries and=1,...,n. Note thatX; = ZWU X; wherew; denotes the

j#i
fraction of country’s emissions deposited on countnd x; is the level of

emissions in country It is supposed that the damage function is irstngan

emissions levels and convex. Further, in equg®ynthe country indices are
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suppressed for ease of exposition since the discuksuses on the government
maximization problem in one country. Upon simphfion, the government’s

problem is to maximize social welfare given by

MaxW = 7(x(r,a,0)) - D(Wx(r,a,H) + )Z)— c(A(X(r,a,9))). (6)
The first-order condition for satisfies
— (7, - D,wW)ax/dT + ¢, A, 0%/dT =0 7)
which can be simplified to yield (see Appendix A)
_(ﬂx - DXW)aP-'-CA ”xx = 0 (8)
Note that (8) implies thayr, - D, w)< 0, sincerz, < Oandc, > O
Condition (8) states that the emissions tax ratellshbe set such that the

expected net damage to society from pollution {he.damage from pollution minus

the profits to the firm) resulting from a highex @.e. (- (77, - D, w)aP)) equals the
marginal cost of auditing by the government (cgr,, ). For example, when

pollution is high, the net damage to society froxwreasing pollution by one more
unit is also high and the government spends mouditing so that the marginal
cost of auditing rises. In the presence of corouptan equilibrium tax rate
represents a trade-off between the benefits frowatitan against those from auditing
(also see Damania (2002) for the discussion oisthige).

The equilibrium solutions for the effects of chasige honesty, the fine rate,
the fraction of own depositions and spillovers ataltand reported emissions are as

follows (see Appendix B for derivation):
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ox/oa = -PAfc,, m A +(m, - D,w)aP}/T <0 (9)

ox/00 = —aA.P,{c,,m A +(m, - D,w)aP}/I <0 (10)
ax/ow = aA P(D,, wx+ D, )aP/I <0 (11)
9x/0X = aA,PD, waP/I <0 (12)

as\(/aa = P{_ (ﬂxx - DXXWZ)CVF)/1 + /]C/I 7Txxx - ﬂxx(ﬂx - DXW)}/I_ZO (13)

0%/06 = aP,{~ (7, ~ Do W JaPA +, 7, =, D whm T 20 (14)

ox/ow = 77, (D, Wx+ D, JaP/I <0 (15)

0%/0X = T, D, waP/I <0 (16)
whererl = /12{(7@x - D W2 )(aP)’ -c,m aP-c,, ZTXXZ}. The second order condition
for the maximization problem in (6) requires that 0.

Equations (9)-(12) indicate that total emissionsrelase with honesty, the
fine, the share of emissions that falls on a cgtgmtywn territory and the spillovers
coming from neighboring countries. Lower corruptinoreases the probability that
the collusion between the firm and the inspectaobees known to the government
and the latter imposes a fine on both the ageatdesamount of pollution declines.
As the fine rate increases, the expected amoutiedine imposed on the difference
between actual and reported emissions rises. Tixedithe expected size of the
penalty for underreporting, actual emissions shéaildAs both the share of
emissions that falls on a country’s own territonglahe spillovers coming from other
nations rise, the net damage from an extra urppitition increases and the

government starts to conduct more audits. As mangancreases, the expected fine
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for underreporting gets higher, so that the cospotution rise and the firm
reduces total emissions.

Equation (13) indicates that the effect of honestyeported emissions is
ambiguous: honesty increases reported emissidhs fine rate is high, however, if

Xxx ﬂxx(ﬂx B DXW)
(”xx - DXX W2 )O’A

Ac, .

the fine rate is low, i.eP < the effect is reversed. Lower

overall corruption increases the amount of emissreported as it raises the
probability of prosecution and increases the exggkecbsts associated with the fine.
At the same time, lower corruption decreases wtabksions as the costs of
underreporting increase and total emissions faleitotal emissions go down, the
expected net marginal damage from pollution redaceshence, the government
auditing becomes rarer. As a result, the firm dnedimspector may report less
pollution as overall corruption declines. If thedirate is set very low, the expected
penalty is small and the firm and the inspectorehaore incentives to underreport
emissions.

Similarly, equation (14) indicates that reportedssions increase with the
penalty rate if honesty is high, however, repodgdssions start to decrease with the

Aﬂxxx/] B (”x B DXW)HX

=.Th
(ﬂxx - DXXWZ)PA ©

. : . C
rise in the penalty rate when honesty is low, bes

explanation is similar to the one above. A higlee fate raises the expected amount
of the fine for underreporting thereby encouragimgfirm and the inspector to

increase reported emissions while lowering actoasgions. As actual emissions
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fall, the expected net marginal damage from paufalls and government
conducts fewer audits. As a result, reported eonssmay decline with a higher
fine. The latter effect should be particularly ppanced when corruption is high.

Equations (15) and (16) show that reported emissilatline with both the
share of emissions that fall on a country’s ownit@y and the spillovers from
neighboring nations. Recall that an increase ih tii¢ share of own depositions and
the spillovers reduces total emissions. As totaksions decline, the expected net
marginal damage from pollution falls and governnmanhitoring becomes less
intense. The firm decreases reported emissionederieporting is less likely to be
detected. Observe that equations (15) and (16 )estigigat the absolute value of the
effect of own deposition fraction is larger thae #ffect of spillovers.

Sincedv =d(x - %) = dx— dX, use (32) and (33) (Appendix B) to obtain

ov/oa =

) > a7)
- P{CM n-xx/b‘)? + (ﬂx - DXW)(aP/‘f( - nxx)_ (nxx - DXXW )UPA +AC/1 ﬂxxx}/rzo
ov/06 =

) > (18)

- aPH{C/M ﬂxxAAi + (nx - DXW)(aPAi - ﬂxx)_ (ﬂxx - DXXW /1 + CA ”xxxﬁ}/rzo
ov/ow = aP{(D,, wx+ Dy )(aPA; = 1, /T >0 (19)
av/ajZ = {(a/‘ip - ”xx)DXX WO’P}/I— > 0 (20)

Equation (17) implies that the difference betwestaltand reported

emissions decreases with honesty if the fine sakegh, but increases, if the fine rate
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islow. i.e. P< ”XX(”X - DXW)_/‘C)I ﬂxxx _/]RC/M ﬂ-xxA

a (ﬂx - DXW)AQ - (ﬂxx - DXXW2 )A}

. As corruption falls, the

expected penalty for underreporting rises and tisea@ increase in emission reports.
However, since total imports fall, the net margidainage from pollution declines
and the government conducts fewer audits. As dtrélsa firm and the inspector
may report fewer emissions and the difference betveetual and reported
emissions may increase as overall corruption deesed he incentives for the firm
and the inspector to report fewer emissions argitbatest when the fine rate is set
low.

Similarly, equation (18) implies that the differenoetween total and reported
emissions decreases with the penalty rate if hgnes$tigh, but increases if honesty

B C)I ﬂxxx/] + (”x B DX W)”xx B C)I)I n-xx/‘/‘f(

O & < o~ D Wi, - (1, - Dy w21}

. A higher fine generally

increases emission reports. However, since totessoms fall due to an increase in
the expected cost, an improvement in the enviromahguality encourages the
government to reduce its monitoring and a highes fnay lead to a decrease in
reporting. The latter effect is amplified when ecgation is high.

Equations (19) and (20) imply that the differenetn®en total and reported
emissions is increasing in both the share of eomssihat fall on a country’s own
territory and the spillovers from other nations.gk®wn above, both actual and
reported emissions fall with either an increasthenshare of own depositions or in

the spillovers. In the presence of corruption, hasvereported emissions fall by a
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greater amount since the incentives to avoid tlyenpat of tax are stronger than
the incentives to lower the expected fine. As altethe difference between actual
and reported emissions increases.

Before we can proceed to the empirical analysis,imhportant to note that
although the damage from pollution depends on heta&ssions originating from
neighboring countries, in practice, we can onlyemtldata on reported emissions

coming from other nations. Thus, it is not posstblestimate the coefficient on

- n
actual spillovers where; = ZWij X;, but it is possible to estimate the coefficient on

j#i

_ n
reported spillovers whereX; = E W, X; . The question is, however, whether an
j#i

increase in actual spillovers is always combineith &n increase in reported
spillovers so that whether we could conclude thatdorrelation between reported
emissions andeportedspillovers is of the same sign as that betweeaorteg
emissions andctualspillovers.

To begin with, consider the relationship betwegroreed and actual
emissions in some countryAssuming that but for the difference in parang(ee.,
honesty, the penalty rate, the share of own depaosiaind transboundary spillovers)
all countries are the same, actual and reportedsgomis in country can be
described by equations (9) — (16). For examplep#ieof equations in (11) and (15)
and that in (12) and (16) indicate tleateris paribusboth actual and reported

missions in country decrease with an increase in the share of ownsiteppts and
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spillovers in country, respectively. However, the pair of equations9nand (13)
and that in (10) and (14) imply thegteris paribusactual and reported emissions do
not necessarily change in the same direction witeeain honesty and the penalty
rate, respectively. When honesty (or the penat) iacreases, actual emissions
unambiguously fall; however, reported emissions migyer rise or fall depending
on the values of the penalty rate (or honesty)sttege of own depositions and
spillovers. In other words, a decrease in actuasgions in one country can be
combined with an increase in reported emissionkarsame country if the change is
caused by a rise in honesty (or the penalty ratedther things held constant. This
means that the relationship between the weighteddflactual emissions and that of
reported emissions im{1) countries is not straightforward: an increasadtual
spillovers may be combined with either an incre@rsa@ decrease in reported
spillovers originating from the same countries. §gguently, the association
between reportedmissionsand reportedpilloverscan either be negative or
positive, depending on the cause of variation porteed spillovers originating from
neighboring countries (i.e., whether variationeparted spillovers results from

variation in honesty, the penalty rate or the corabon of spatial weights).

Empirical Model and Data

Since it is only possible to obtain data on sulgbnltution reported by the
governments to the Cooperative Programme for Mangoand Evaluation of the

Long-Range Transmission of Air Pollution in EurdgEP), the empirical analysis
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focuses on the implications of the theory for régdremissions. The first-order

conditions in (7) and (8) indicate that the levieteported emissions that will result
in equilibrium depends on the following paramete“«(sz,ﬁ, W, )Z) Using Taylor

series expansion, we can estimate a linear appatiamof the function to test our
theoretical predictions. The data on sulphur emissand the other variables used in
the empirical analysis below are drawn from 40 pesm countries from 2001
through 2003 and from 39 countries from 1999 to(200

The theory suggests that the effect of honestyeported emissions is
conditional on the value of the fine: when the fiate is low, an increase in honesty
decreases reported emissions; however, when thedia is high, an increase in
honesty increases reports. Similarly, the effet¢heffine is conditional on the value
of honesty: when honesty is low, an increase irfitteerate decreases reported
emissions; however, when honesty is high, an iser@athe fine rate increases
reported emissions. Thus, our empirical specifeatvill include an interaction term
between honesty and the fine and we would expectitin of the coefficients on
honesty and the fine rate to be negative whilesige of the coefficient on the
interaction term to be positive. Moreover, althotigh theoretical model predicts
that both the share of own depositions and théoseils unambiguously reduce
reported emissions, the magnitude of their effdefgends on the values of honesty
and the fine which implies interaction effects betw own deposition share, on the
one hand, and honesty and the fine, on the othavell as between spillovers, on

the one hand, and honesty and the fine, on the.dtlaée, however, that without any
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additional assumptions about the form of the priafiction 77(x) and the damage
functionD(x), it is not possible to determine the signs of ¢heseraction terms.
Since our dataset consist of only 40 observatiesyegin with the simplest model
that takes into account only the interaction betw@nesty and the fine.

The basic regression equation is specified asvistio
K= PWK+ZB+¢ (21)
where % is annx1 vector of reported sulphur emissions (irfi fdhnes) measured as
a share of GDP (in QS dollars}; Wis thenx n matrix with the diagonal
elements equal to zero and each of the off-diageleahents representing the

fraction of emissions from countjythat falls on the territory of countryi.e., w; ) ;

Zis annxk matrix of independent variables including a conistdne fraction of

emissions that falls on a country’s own territ@rg., w, ) and the interaction terms;
S is akx1 vector of coefficients; and is annx21vector of independent and

identically distributed normal random variableshwitean zero and varianeg’ .
The presence of the spillover term (iM/) in equation (21) indicates that
the regression model is characterized by spat@tigence wherd/ represents a
spatial weight matrix ani is a weighted average of the dependent variaffien(o
refereed to as a spatially lagged dependent vajiadence, the application of
ordinary least squares to the regression wouldym®tiased and inconsistent
estimates. The literature on spatial process mdaegocused on the maximum

likelihood principle as an alternative estimatieghnique (Ord 1975; Anselin 1988).
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Anselin (1988) derives the appropriate log-likebddunction for a model
with a spatially lagged dependent variable basea joint normal distribution for
the error ternz :

1
202

(R~ M&-28) (k- MR-28)  (22)

n n
L= —Eln 7T—§In0'2 +In|l = pW| -

This likelihood function includes the Jacobian te}rm pVV| which results from the

transformation ofs into y. If the weight matrix is symmetric, the cpuatation can

be simplified by expressing the determinant ashatfan of the eigenvalues &Y .
However, in our case, the spatial weight matrimassymmetric and the determinant
has to be calculated at each iteration.

Data on sulphur emissions are drawn from the UNEESHEP emission
database WebDab. Recall that our theoretical aisatgsats the equilibrium value of
reported emissions derived for one firm and onpentr as being applicable to the
whole polluting industry in a given country. Howeyvihe larger is the size of the
polluting industry in a country, the larger is gn@ount of emissions. To separate the
effect of the size of the polluting industry on ssion levels from the effect of
variables inZ, we divide emissions of sulphur dioxide by GDP ,(#nis, use GDP
as a proxy for the size of the polluting industAs. a result, we get the amount of
emissions in tonnes produced per each one thouws&mibllars of GDP. The model
is estimated separately for five different yea2 2002, 2001, 2000 and 1999.
These years are chosen because they ensure test lavgilable datasets. The

number of available observations in preceding yesansuch smaller.
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To calculate the fraction of a country’s sulphurngsions that falls on its
own territory and the spatial weight matrix, the ERl1data on source-receptor
relationships are used. Since for the time periamsen, source-receptor matrices are
only available for 2000 and 2003 in the EMEP docataton, the 2000 matrix is
used to estimate the model using the 1999 and @8GGets, while the 2003 matrix
is used to estimate the model using the 2001, 20022003 datasets. Murdoch et al.
(2003) state that the underlying source-receptatiomships normalized by
emissions do not change much between years: theéytfe correlation between the
spillover terms \\X) calculated using the 1985 and 1990 matrices @.&@2 and

that between the own deposition fractiomg ) to be 0.958. In our case, the results

are very similar since the correlation betweensiiidover terms calculated using the
2000 and 2003 matrices is 0.927 and that betweeowim deposition fractions is
0.910. Thus, we can conclude that the 2000 and 2@08ces can be used to
represent the source-receptor relationships inggiiag years as well.

The deposition matrix for 2000 is presented inEMEP Status Report 2003,
while the deposition matrix for 2003 is found iR tBMEP Status Report 2005. Both
matrices show the contribution in terms of sulpémnissions from one country to
another, i.e. each column indicates where the faolttemitted by a country ends up,
while each row indicates where the pollutant inveeiy country comes from. The
share of a country’s emissions that falls withexatvn borders@wn Depositiohis
obtained by dividing the amount of sulphur emitbgda country and deposited on its

own territory by the amount of the country’s tatahissions. For example, in 2000,
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Armenia’s total emissions measured 4,200 tonnesoling to the EMEP
source-receptor matrix, 1,200 tonnes of this fel\rmenia itself. Consequently, the
share of its own depositions in 2000 is 12/42=0.286
Based on the EMEP source-receptor matrices, tineesits of the spatial

weight matrixw; are derived by dividing the amount of courjtsyemissions

deposited on countiys territory by country’s total emissions. For example, in
2000, out of 491,000 tonnes of Bulgaria’s sulphuarssions, 30,600 tonnes fell on
Romania, and 41,400 tonnes on Russia. Thus, theeats of the 2000 spatial
weight matrix for Bulgaria (in columns) and Romaaral Russia (in rows) are
306/4910=0.062 and 414/4910=0.084, respectivelg.diagonal elements of the
weight matrix are all made equal to zero. The armofispillovers {\X) is denoted
by Spillover.

In addition to a vector of own deposition fractions, the variables in the Z

matrix include a vector of ones, a vector of hopeahkings, a vector of fines and a
vector of interactions between honesty and the fimemeasure honesty and the fine,
the data from the International Country Risk GUiIdERG) provided by the Political
Risk Services group (The PRS group, Inc.) are uBee.ICRG corruption variable
(referred to aslonestyhere) measures both the extent to which “high gowent
officials are likely to demand special paymentsd éime extent to which “bribes
connected with import and export licenses, exchaogérols, tax assessment, policy
protection, or loans” are generally expected thhawg lower levels of government

(Knack and Keefer 1995). The ICRG variable on |aa arder (denoted birule of
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Law here) measures the strength and impartiality etd¢lyal system as well as
popular observance of the law. BdibnestyandRule of Lawange from 0 to 6 with
0 indicating low honesty and weak rule of law, exgpvely, and 6 indicating high
honesty and strong rule of law, respectively.

The appropriateness of the usdroile of Lawas a proxy for the fine imposed
on environmental violations can be demonstratedguisie following facts about
developing countries. As Russel and Vaughan (2p0Bit out, the difficulties that
developing countries face in building effective marmental institutions include
weak systems of environmental enforcement anddéc&spect for the rule of law
by industrial polluters. For example, in Albanidyere monitoring agencies impose
fines on violators, the main difficulty in enviroremtal enforcement is the collection
of fines (Dimovsky and Glaser, 2002). The law deetsspecify any penalties for
non-payments, which makes the collection of firmaatimes impossible. Moreover,
the record keeping system is poorly developedhabwhen environmental violators
appeal to court, they usually win. This has ha@émaaralizing effect on
environmental inspectors and as a result, the nupfldames has significantly
declined in Albania since 1997. The example hiditBg connection between the
fine and the rule of law as it implies that envimeental fines will not deter non-
compliant behavior if the legal system cannot emsliat the fines are collected.
Thus, the size of the fine that environmental gelisactuallyface depends on the

strength of the legal system in a country.
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To further stress the connection between the fimethe rule of law, a

comparison of data for three countries in Southtdfa€Europe is presented in Table
7*. In 2000 and 2001, the ICRG rankings of Albaniéeims of the rule of law equal
2, while those of Bulgaria and Croatia equal 4 aniekspectively. Not only is the
mean amount of fine (i.e., the total amount ofdideszided by the number of fines
collected) in Albania the lowest (700 EUR as compdo 944.444 EUR in Bulgaria
and 931.677 EUR in Croatia), but also is the nunadbeases won by environmental
inspectors in court (it is zero in Albania as congplato 120 in Bulgaria and 240 in
Croatia). Thus, the data for the three South Bagferopean countries show that
countries with stronger rule of law are likely tllect higher fines on environmental

violations.

Table 7. Comparison of fines and rule of law ragkim some Eastern European countries

Albania Bulgaria Croatia
Number of fines per year 10 1,800 161
Amount of fines collected (EUR) 7,000 1,700,000 080
Mean amount of fines collected (EUR) 700 944.44 .681
Number of court cases won 0 120 240
Rule of law (ICRG rankings) 2 4 5
Year 2001 2000 2000

The summary statistics for all variables and afirgeare presented in Table 8.
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Table 8. Summary statistics
Year | Variable Mean S. D. Minimum Maxumum
Sulphur emissions
(share of GDP) 7.47 12.96 0.07 67.25
Spillover 3.06 5.69 0.00 31.16
2003 Own 0.23 0.10 0.04 0.61
Corruption 3.14 1.36 1.00 6.00
Law 4.63 1.03 2.00 6.00
Sulphur emissions
(share of GDP) 7.76 13.50 0.08 69.93
Spillover 3.16 5.90 0.00 32.89
2002 Own 0.23 0.10 0.04 0.61
Corruption 3.12 1.40 1.00 6.00
Law 4.63 1.03 2.00 6.00
Sulphur emissions
(share of GDP) 8.10 13.96 0.08 71.76
Spillover 3.31 6.16 0.01 34.36
2001 Own 0.23 0.10 0.04 0.61
Corruption 3.54 1.38 1.00 6.00
Law 4.69 1.09 2.00 6.00
Sulphur emissions
(share of GDP) 8.81 14.98 0.08 77.94
Spillover 4.15 8.87 0.01 51.83
2000
Own 0.22 0.10 0.04 0.49
Corruption 3.74 1.41 1.00 6.00
Law 4.74 1.14 2.00 6.00
Sulphur emissions
(share of GDP) 9.31 14.95 0.11 78.58
Spillover 4.44 9.46 0.01 55.71
1999 Own 0.22 0.10 0.04 0.49
Corruption 3.85 1.40 1.00 6.00
Law 4.82 1.09 2.42 6.00

Empirical Results

ML estimates of the basic model using datasetsfigrent years are

presented in Table 9. The signs of the coefficistay the same across yeddsvn
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Deposition CorruptionandRule of Laware not significant in 1999 and 2000 but
all the variables enter significantly in 2001, 2@0®1 2003. Consider the results of
the estimation using 2003 dataset. The coeffi@ahionesty is negative and
significant at the 5% level, consistent with thedty. The coefficient on the rule of
law (which is used as a proxy for the fine) is alegative and significant at the 10%
level, as predicted by the theoretical model. Toeffeccient on the interaction term
between honesty and the rule of law is positive fgdificant at the 10% level. This
result suggests that the effect of honesty andathiite rule of law are
interdependent supporting our a priori expectations

The marginal effect of the rule of law measurethatminimum value of

honesty found in the sample is equal to -9.15+3)266.89. Thus, when the rule of
law is weak, honesty decreases the reported ansbsatphur emissions as a share
of GDP. In particular, as the rule of law rankingreases by 1, reports of sulphur
emissions decline by approximately 6 tonnes pertboesand US dollars of GDP.
However, at the maximum value of honesty, the nmalgffect of law is positive
and equals -9.15+3.26(6)=10.40. Thus, as the fukeoincreases by 1, reported
emissions of sulphur increase by approximatelyobdés per one thousand US
dollars of GDP implying that as countries beconss leorrupt, an improvement in
the rule of law starts to exert a positive influermn emission reports, as the theory

predicted.
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Datasets

2003 2002 2001 2000 1999
Spillover 0.64 0.52 0.69* 0.14 0.23

(0.40) (0.40) (0.37) (0.30) (0.29)
Own Deposition -52.64**  -5594***  _§7,13*** -29.04 -31.61

(20.73) (21.20) (21.98) (25.20) (24.79)
Honesty -21.36** -22.77** -14.85** -5.25 -0.06

(9.74) (9.01) (6.09) (6.29) (1.58)
Honesty*Rule of Law 3.26* 3.46** 2.14* 0.77 0.01

(1.74) (1.60) (1.15) (1.19) (0.26)
Rule of Law -9.15* -9.40* -8.54** -7.60* -5.77*

(5.26) (4.94) (4.27) (4.49) (2.95)
Constant 76.24%*  79.67**  76.29*** 55.86** 43,22%**

(26.35) (24.22) (20.96) (21.84) (11.85)
Mean log-likelihood -2.82 -2.83 -2.84 -3.03 -3.05
# of observations 40 40 40 39 39

Note: Dependent variable is sulphur dioxide emissign 10 tonnes) as a share of GDP (irf Li5$).
Standard errors in parenthesis beneath coeffieigimhates. */**/*** Denotes significance at the
10/5/1 percent level, respectively

Similar changes can be seen examining the margffedt of honesty,

although the results in this case fall a littlerslod our expectations. At the minimum

value of the rule of law in the sample, the marhaitect of honesty is equal to

-21.36+3.26(2)=-14.84. Thus, when the rule of lawveak, honesty decreases

emission reports supporting the theoretical conjest When the marginal effect of

honesty is measured at the maximum value of treeatulaw in the sample, it still
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remains negative although according to the modela@d anticipate a change in
sign. The magnitude of the effect, however, consiolg declines
(-21.36+3.26(6)=-1.81). A larger sample is probaidgessary to obtain more
consistent results.

Based on our estimates and the theoretical mo@etan now make
inferences about the actual level of pollution #melgap between reported and actual
emissions in different countries. Our results iatkcthat reported emissions will be
higher not only in countries where both honestyigh and the rule of law is strong
but also in countries where both honesty is low thiedrule of law is weak (as
compared to nations where either honesty is hightla@ rule of law is weak or vice
versa). However, the theory suggests that totat®ons as well as the difference
between actual and reported emissions will bedives$t in honest countries where
the rule of law is strong while the highest totaigsions and the largest gap in
reporting will be found in corrupt countries whéine rule of law is weak and
honesty is low. Thus, a proper assessment of W& ¢¢ compliance with
environmental regulations cannot be based solethenlata submitted to
environmental monitoring agencies since such cleanatics of political regimes as
corruption and weak rule of law may have a distgrinfluence on reporting
practices in those countries.

Other empirical estimates presented in Table 9@wonihe share of emissions
that falls on a country’s own territory and spikws from other nations. The fraction

of own depositions enters negatively and signifilgaisupporting the hypothesis that
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countries that receive a relatively larger shartheir own emissions emit a
relatively lower amount of the pollutant. The effe€reported spillovers is positive
and insignificant. Since the theoretical model idess potential interactions
between spillovers, on the one hand, and corrugtn@hthe fine, on the other, we
experimented with the inclusion of these additiantdraction terms in the
regression. ML estimates for this alternative specificatioe aresented in Table 10.
The coefficient estimates for the share of own démms, corruption, the rule of law
and their interaction are robust to these changésel model. The coefficient on
spillovers is now negative for all five datasetd amarginally significant (at the 10%
level) for 2002. The interaction effect with honest positive for all years except for
2002 but is never significant. The interaction tdretween spillovers and law is
always positive and is only marginally significamt2002.

We also ran a set of regressions including intevastbetween the share of
own deposition on the one hand and honesty andité®f law, on the other and
excluding the interactions with spillovers. Theulesare shown in Table 11. Now,
the coefficient on spillovers is positive and sfgraint. All the other results stay the
same, although it becomes difficult to find sigesfint relationships between reported
emissions and own depositions fraction or the ofilaw using 2003 and 2002
datasets. The results, however, imply that as tepg@pillovers increase, a country’s

own emission reports increase as well. As it wasudised in the theoretical section,
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the sign of the effect of reported spillovers defseto a great deal on the
combination of countries in the sample. Thus, fdicduntries in our dataset, the
positive relationship seems to hold.

Our empirical results, thus, are not necessaribddts with the previous
works on the subject (Murdoch and Sandler 1997xdéch et al. 1997; and
Murdoch et al. 2003) that find that reductions wipsur emissions over a 5 or 10-
year interval are negatively and significantly etated with the reductions of
sulphur emissions undertaken by other nations thesame period, consistent with
the hypothesis of strategic behavior and free-gdirhe sample of countries in these
works include 25 or 26 nations while our sampleststs of 39 or 40 countries.
Thus, the combination of the spatial weights amddmaracteristics of the countries
may be quite different in our datasets.

Moreover, according to our model, spillovers hanestiect on reported
emissions only through their effect on the taxotimer words, as spillovers increase,
pollution damage rises and the government setghehtax rate to reduce the
amount of pollution. As pollution falls, governmenuditing becomes less intense
and reported emissions fall. Thus, the model pressgs an immediate response on
the part of the government to any changes in theuatof emissions coming from
other nations. In practice, however, the governmaan not change the tax rate as
often so that when we estimate our empirical modelg cross-sectional data for
one year, we cannot capture the effect of spill®asrthe tax rate might have stayed

the same over this short period.
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Table 10. Maximum-likelihood estimates of the mod#h spillover interactions

Datasets

2003 2002 2001 2000 1999
Spillover -2.67 -5.41* -2.50 -2.59 -2.20

(4.22) (2.89) (1.76) (2.07) (1.99)
Spillover*Honesty 0.20 -0.44 0.12 0.20 0.20

(0.49) (0.58) (0.48) (0.55) (0.62)
Spillover*Rule of Law 0.76 1.80* 0.88 0.78 0.66

(1.14) (0.94) (0.68) (0.84) (0.90)
Own Deposition -57.63**  57.47%*  -67.36***  -48.22** -45.08*

(20.86) (19.84) (19.99) (23.95) (23.83)

Honesty -22.00** -21.12*%  -18.38*** -10.61 -5.10
(9.89) (8.87) (7.05) (7.49) (8.71)
Honesty*Rule of Law 3.32* 3.44** 2.88** 1.68 0.84
(1.73) (1.52) (1.21) (1.27) (1.52)
Rule of Law -9.94* -12.40%*  -12.11*%*  -10.46** -9.05*
(5.42) (4.90) (4.12) (4.23) (5.39)
Constant 81.58**  88.13**  90.74**  73.33*** 61.92**

(26.59) (23.05) (20.33) (21.23) (27.61)
Mean log-likelihood -2.80 -2.78 -2.77 -2.94 -2.98

# of observations 40 40 40 39 39
Note: Dependent variable is sulphur dioxide emissign 10 tonnes) as a share of GDP (irf Li5$).
Standard errors in parenthesis beneath coeffieigimhates. */**/*** Denotes significance at the
10/5/1 percent level, respectively.
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Table 11. Maximum-likelihood estimates of the modiéh own deposition interactions

Datasets
2003 2002 2001 2000 1999
Spillover 1.18** 1.13* 1.52%** 0.67* 0.63*
(0.48) (0.46) (0.39) (0.39) (0.36)
Own Deposition -172.28 -198.99 -303.75***  -249.17** -214.79*

(134.82)  (132.68) (91.05) (126.26)  (125.37)

Own Deposition* 30.05 25.43 21.60 13.13 14.72
Honesty (25.39) (30.95) (22.75) (24.62) (25.78)
Own Deposition* 4.68 13.23 34.17 32.00 22.74
Rule of Law (42.99) (47.29) (32.52) (35.62) (36.25)
Honesty -30.84***  -31.03***  -24 55%** -9.63 -5.95
(9.96) (9.83) (6.28) (6.93) (8.30)
Honesty*Rule of Law 3.72% 3.94 %+ 3.11%x* 1.00 0.50
(1.69) (1.52) (1.08) (1.18) (1.42)
Rule of Law -10.94 -13.38 -19.27** -14.52 -12.35
(11.94) (12.27) (9.30) (9.17) (10.26)
Constant 107.12*  116.07**  142.67**  103.49*** 90.44**
(44.93) (41.23) (32.28) (35.82) (42.25)
Mean log-likelihood -2.74 -2.75 -2.68 -2.98 -3.01
# of observations 40 40 40 39 39

Note: Dependent variable is sulphur dioxide emissign 10 tonnes) as a share of GDP (irf Li5$).
Standard errors in parenthesis beneath coeffieigimhates. */**/*** Denotes significance at the
10/5/1 percent level, respectively.
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By focusing on reductions over a period of timéheathan on the level of
emissions at one point in time, Murdoch and Sandi@®7b), Murdoch et al. (1997)
and Murdoch et al. (2003) could capture the chatigggsoccurred in government
policy over time. Since the primary purpose of apalysis is to investigate how
compliance with air pollution regulations dependscorruption and the rule of law
whose indicators change very little over time, in@yever, have to constrain
ourselves to examining the level of emissions a&t@wint in time and thus might fail

to capture any changes in the tax rate due tokbcamslary spillovers.

Concluding Remarks

The analysis in this paper has important implicegitor the interpretation of
data on pollution reported to international monrtgragencies. Although levels of
reported emissions play an important role in det@mg compliance with
environmental regulations, they do not always ctflee actual level of compliance
required by the relevant agreement. If corruptioa country is very low and it is
combined with strong rule of law, reported emissiohsulphur are likely to be
rather high. This, however, should not be integatetutomatically as a lower level
of compliance because total emissions and therdift® between total and reported
emissions will be lower in these countries thanations where either honesty is low
or rule of law is weak, or where both honesty drerule of law are low. At the
same time, if a country is very corrupt and the fl law is very weak, its reports of

sulphur emissions may also be high. However, m ¢hse, the amount of actual
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pollution they emit is also higher than in courgneith either low corruption or
strong rule of law or in countries that are bothdést and have strong rule of law.
Since corruption and rule of law may influence atpollution and reported
emissions in opposite directions, one importargdass that too much of a focus on
formal compliance with international environmentgulations may be
counterproductive.

International organizations responsible for momigmir pollution should
direct part of their efforts at reducing the pelmis effects of high corruption and
weak rule of law on both reported and actual emrssiSince the difference between
actual and reported emissions is the greatesgimyhcorrupt countries with weak
political and judicial systems, the strategy depelbto reduce pollution in these
nations should differ from that developed for namgpt regimes with strong judicial
institutions. The importance of designing proceduceincrease transparency in data
reporting should be emphasized in these countinee shis would make collusion
between environmental inspectors and firms lesswwom Moreover, any attempts
to reduce corruption connected to environmentdupoh should go together with
similar attempts to strengthen the legal systethe@® are important interaction

effects between the two.
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Chapter 3 Notes

! The south-eastern region includes Albania, ArmeBédarus, Bosnia-Herzegovina,
Bulgaria, Croatia, Cyprus, Georgia, Kazakhstan,uRép of Moldova, Romania,
Slovenia, The FYROM Macedonia, Turkey, Ukraine aigjoslavia.

2 It is, however, assumed that if collusion betwtenfirm and the inspector
becomes known, the information about the true lefelmissions can be procured.

% Data on GDP from the World Bank’s World Developmienlicators are used.
% Data on environmental fines are taken from Dimgaskd Glaser (2002).

> To perform this estimation, the log-likelihood @iion was rewritten as:

n 1 1 ]
L :-Eln 7T—§|n a2 +In|l = pW, = P, W, —,OLWL|—EES where

ge=((1 = pW, = pWi, = oW, )% =2Z8) ((I - pW, = P W,, — oW, )% -Z4) and
W, denotes the spatial weight matri¥,, andW, denote the result of the element-
by-element multiplication oV, and the vector of honesty and that of the rule of

law, respectively,o, is the coefficient on spillovers angl, and p,_are the

coefficients on the interaction terms between gpdls and honesty and between
spillovers and the rule of law, respectively.
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Chapter 4. CBRN Incidents: Palitical Regimes, Per petrators, and

Targets

This chapter investigates the relationship betwegime characteristics and
the likelihood of chemical, biological, radiologicand nuclear (CBRN) terrorist
incidents. Odds ratios establish that democrdgeals — democratic rule, strong rule
of law, and honest regimes — are associated witle @BRN incidents. Failed
states may be where some terrorist groups forraker tefuge, but these states have
not been the venue of choice for CBRN incidentsligious (cults and
fundamentalists) and nationalist/separatist grarpsiot more likely than others to
engage in CBRN attacks. To date, indiscriminat&k@Eattacks are as likely as
discriminate attacks to cause casualties. Trammsratterrorist groups are less adept
than others in concealing their acquisition of CB&MNstances. For some
regressions, democratic rule and strong rule ofdepositive determinants of

CBRN incidents.

Since the March 20, 1995 sarin attack by Aum Skyarion the Tokyo
subway, there has been a real concern that tégrovil resort to weapons of mass
destruction (WMDs) in the form of chemical, biologi, radiological, or nuclear
(CBRN) attacks. This fear of CBRN terrorism waggheened with the mass
casualties of about 3000 people caused by termattestks on September 11, 2001

(hereafter 9/11) and the subsequent intelligenakettie perpetrator, al-Qaeda, had
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been trying to acquire WMDs (Parachini 2003). Sgatter 9/11, the anthrax
letter attacks demonstrated that a weaponizedoreddithe bacterium could be
acquired and sent to elected officials and the eeBly “raising the bar,” 9/11
means that future terrorist attacks must involiegeater casualties or
consequences if they are to attrsintilar media attention. A radiological or dirty
bomb that shuts down a portion of a major city braogical attack that sickens or
kills scores of people would surely achieve longrtenedia coverage to rival that of
9/11. The latter prospect is being taken seriobglthe US Department of
Homeland Security (DHS), which allocated $2.5 biilin 2005 to begin to
accumulate a stockpile of vaccines against biokgttacks (US DHS 2005). DHS
Secretary Chertoff’s statement on July 13, 2005uabBd1S priorities indicated that
protection against CBRN attacks is a key imperatitaen allocating department
resources. In fact, Chertoff stated that therela¢e be a “particular focus on
catastrophic events.”

Until the Tokyo subway attack, the conventionaldeis1 among terrorist
experts was that terrorists had little interesaagquiring WMDs, because terrorists
wanted more people to witness their attacks thahetérom them (Jenkins 1985;
Hoffman 1998, 205-206). This characterizationugorted by casualty figures that
show that each terrorist incident prior to the 19Rilled less than one person on
average and that many incidents killed no one (Ended Sandler 2000, 2006).
Many factors supported the once-conventional vieatghat terrorists do not seek

WMDs? First, resort to a CBRN attack could lose constity support and funds
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for the terrorists. Second, such attacks woulelyikead to massive retribution
by the targeted country, analogous to the US respagainst al-Qaida and the
Taliban following 9/11. Third, there are weapomi@a hurdles to surpass even after
the ingredients for the device are obtained. Fowfforts to secure a CBRN
weapon could compromise a group’s cover becausebersmmay be exposed to a
sting operation. Fifth, CBRN development poses hagdisks to the terrorists —
e.g., poisoning or radioactive contamination. Iixfiven the cost effectiveness of
conventional attacks, there once seemed little teeegsort to CBRN attacks.
However, the rise of religious fundamentalist taemm, the need to surpass the shock
benchmark of 9/11, terrorists’ acquisition of stitmexpertise, and better means to
hide members’ identities may have weakened thesteanets and made CBRN use
more likely.

The purpose of this article is to use data on CBiiMlents, collected by the
Monterey Institute of International Studies (20G6)investigate three factors that
are hypothesized to influence the use of CBRN tmma We first examine whether
characteristics of political regimes (i.e., demaograstrong rule of law, and
noncorruption) are related to past CBRN incidemtsthe terrorism literature,
democratic values and institutions have been shiownpport and encourage
terrorist attacks owing to freedom of associatpmotection of civil liberties, media
coverage of events, and an ability to acquire weapfunding, and informatioh.

We contend that democratic rights and principlesparsitively associated with

CBRN incidents. Weak rule of law, as characteg4miled states, may be
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conducive to terrorist groups getting organized,dbong rule of law presents an
ideal venue for CBRN incidents. This follows besaterrorists’ rights are protected
and successful attacks call into question thetglamfithe government to protect life
and property, which leads to a damaging societali@mune response (Steinbruner
2005). Next, we use data on CBRN incidents toréaiceif groups’ motives and
structure are conducive to such events. The tiezadentified religious cults,
fundamentalist groups, and nationalist/separat@ifs as likely perpetrators of
WMD attacks (Ackerman 2004; Gurr 2005; Post 2008ai2005§. This
hypothesized association is tested. In additiatest whether transnational groups
are less likely to conceal their acquisition of QBReapons (Blum et al. 2005).
Finally, we investigate whether target choice (gggvernment or nongovernment) is
related to democratic institutions. From a popeyspective, we test whether
casualties associated with CBRN incidents corredponarget choice (i.e.,
indiscriminate versus discriminate or governmemsug hongovernment) or the
transnational orientation of the group. Our stigdthe first to use statistical
inference on past CBRN attacks to ascertain sontteeafkey properties. As an
initial foray, we rely on simple statistical testssee what the data imply about
potential relationships before applying more comatistical techniques in
subsequent studies.

There are a number of noteworthy findings. CBR&dants are, indeed,
more likely to occur in democracies. Both stroulg iof law and the absence of

corruption increase the odds of CBRN events. @Goyntio much of the recent
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literature, religious (i.e., cults and fundamerstal) and nationalist/separatist
groups areot more likely than others to engage in CBRN incidénMoreover, the
odds of religious cults and fundamentalists bemgived in CBRN events are not
significantly different in democracies or autoces;ihowever, the odds of them
being involved in CBRN incidents are generally ¢eeavhere governments are
noncorrupt or there is strong rule of law. Contriar anticipation (Post 2005),
indiscriminate CBRN attacks are as likely as dreanate attacks to result in
casualties. Transnational terrorist groups areliksly to conceal CBRN agents;
other groups have higher odds of using acquired iCB&ents.

The remainder of the chapter contains seven sectidhe first section
presents essential definitions and describes ttaesg#s. In the second section, the
odds ratio test methodology is briefly reviewedeThird section indicates the
results for political regimes and the use of CBRidcks, while the fourth section
presents the relationship between group type arlNC8vents. The association
between CBRN events and target choices and cassiahe studied in the fifth
section. The sixth section presents some regressibere democracy and strong
rule of law are determinants of CBRN attacks, thg®supporting our odds ratio
tests. Concluding remarks and policy recommendataze contained in the final

section.
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Essential Definitions and Data Sets

Terrorism is the premeditated use or threat ofafiséolence by individuals
or subnational groups to obtain political or sooldjectives through intimidation of
a large audience beyond that of the immediatermic®©ur definition leaves out state
terrorism so that Saddam Hussein’s use of a chémtiteerk on a Kurdish village
would not satisfy our terrorism definition. Any nhern definition of terrorism
includes two key elements: the presence or tlafeablence and a political/social
motive. Violence is used to extort concessionmfeotargeted government. In the
absence of a political/social objective, a violadt is a crime rather than an instance
of terrorism. Terrorists make their attacks appaadom to elevate the targeted
population’s anxiety and to increase governmengeaditure on defensive
measures. By resorting to attacks with mass cssialerrorists create even greater
fear and necessitate more expensive countermeadtves the hint of a CBRN
attack forces a liberal democracy, whose legitintasys on protecting lives and
property, to spend massive outlays to protect atjéne prospect.

Another essential distinction involves domestic aadsnational terrorism.
Domestic terrorism is homegrown with consequencegikt the host country, its
institutions, citizens, property, and policies. eT@klahoma City bombing of the
Alfred P. Murrah federal building by Timothy McVédign April 19, 1995 was a
domestic incident involving the United States.cémtrast, transnational terrorism
has implications for two or more countries. Th&l9ijackings are transnational

terrorist acts, since victims were from almost 8Qrdries, the perpetrators were
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foreign, and financial repercussions involved tlabgl economy. A shoulder-
fired, surface-to-air missile that brings down ar@ with citizens from two or more
countries is a transnational terrorist event. ahsnational group engages in one or
more transnational terrorist attacks.

As the central notion of this study, we must makarcour definition of
CBRN terrorism. In the terrorism literature, WMBsnsist of any mine, bomb, or
device that releases chemicals, biological orgasismradiation in sufficient
quantity to cause the loss of life (Bunker 200QyrBlet al. 2005). There is no
official requirement that this loss of life be exseve — the mere application of
CBRN substances is enough to qualify as WMD tesrori CBRN attacks may Kill
many or few. Up until now, CBRN terrorist attadieve killed relatively few
people: the anthrax letters in the United Statikesdkfive and sickened twenty-two
people, while the Aum Shinrikyo sarin attack ndwr judicial building in
Matsumoto, Japan on June 27, 1994 killed seversiakdned 150. The Monterey
Institute of International Studies data set (2008pws the literature and classifies
terrorist WMD incidents as those involving CBRN t®s. We, however, feel that
equating CBRN and WMD attacks gives a misleadingre@ssion of CBRN
incidents. In fact, 92 per cent of CBRN eventsiin sample resulted in no fatalities,
while 77 per cent resulted in no injuries or deatBsice three mass-casualty outliers
(i.e., the Sarin attacks on the Tokyo subway ondd&0, 1995; the poisoning of
Christian demonstrators by Hausa military youth$ehruary 21, 2000 in Kaduna,

Nigeria; and the poisoning and use of sulfuric dxgich doomsday cult on March 17,

www.manaraa.com



105
2000 in Kanungu, Uganda) are removed, casualtié®adeaths per incident are
less than those of standard terrorism events.e¥ample, deaths per CBRN incident
in our sample are just 0.51, about half of thagtahdard transnational terrorism
events. This agrees with the insightful articleDgvid Rapoport which argues that
such attacks have not been very deadly (Rapop88)19To provide the proper
impression, we, henceforth refer to CBRN, rathantiWMD, incidents.

Although we recognize that a conventional terranstdent — such as 9/11 —
may result in thousands of casualties, we still,maeh gained by studying CBRN
events. Because CBRN incidents may be precursdutitre incidents with much
greater carnage, their study provides insight®e g&tpetrators, location, targets, and
other factors. CBRN incidents have the potentialduse mass casualties or to result
in billions of dollars in damages if executed cotleg For example, a dirty bomb
exploded in a major city or seaport would costidmi$ in cleanup and lost
commerce. Most conventional attacks do not hageséime potential to cause mass
casualties or significant long-term business lasgeknowledge of the likely venue
and target associated with past CBRN incidentsrdanm policymakers. With
DHS redirecting its focus on CBRN incidents, a gtalCBRN incidents can
indicate the wisdom of this reallocation. Pasuedty figures suggest that some of
this reallocation may not be justified.

The Monterey WMD terrorism database records bottigaily and
criminally motivated incidents by substate actbiat involve CBRN substances.

Given our interest in terrorist CBRN acts, we erelpurely criminal acts with no
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terrorism motive (classified as Type Il in the detse) from the analysis.
Furthermore, we do not include cases for whichethres no confirmation of a
realistic threat of a CBRN substance. As suchgt‘phly” incidents — where the
perpetrator allegedly planned to acquire and usRNCBaterial but never managed
to possess the substance — are not included isamople of incidents. We also cull
instances of hoax, prank, or threat where thene evidence of possessiohthe
CBRN agent. A hoax or prank is a claimed pastlatteither did not occur or
involved a fake substance — e.g., a letter withylmdwder mailed to an elected
official with a note claiming that the powder iglaax. A threat is a promised
action that is never fulfilled. The extent of e is extensive — our sample includes
only 316 of the 1093 CBRN incidents in the Montedaya set for 1988-2004. The
greatest culling occurs for 2001, where we use atlgf the 309 incidents from the
Monterey Institute data.

Tables 12 and 13 provide some key aspects of oaplszof 316 CBRN
attacks. In Table 12, we list the incident frequyehy region, type of agent, type of
group, and type of delivery device. Most CBRN elttaoccurred in Asia, followed
by the United States and Canada, and then Eut@©pemical incidents are by far the
most common, accounting for almost two-thirds bCBRN events in the sample.
Biological attacks are second and include a coapétempts by Aum Shinrikyo to
use anthrax. Radiological incidents involve a dewb dirty bombs by Chechen
militants that did not explode, along with effolbig others to acquire radiological

materials for terrorism purposes. Group involvememlso indicated, with
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unknown perpetrators accounting for over a thirthefattacks (109), followed

by nationalists/separatists (69). Religious fundatalists and cults engaged in a

total of 54 attacks in the sample. Finally, thévéey system is indicated.

Table 12. Descriptive categories for sample drawmfMonterey WMD terrorism database

Category Subcategory Frequency
Region Asia 98
Australia and Oceania 7
Europe 44
Latin America 16
Middle East and North Africa 22
Russia and Newly Independent States 29
Sub Saharan Africa 12
United States and Canada 85
Worldwide 3
Type of Agent Biological 42
Chemical 207
Combination 7
Nuclear 8
Radiological 26
Unknown 26
Type of Group Criminal Organization 2
Left-wing 28
Lone Actor(s) 23
Nationalists/Separatists 69
Religious (Cults) 28
Religious (Fundamentalists) 26
Right-wing 9
Single-issue 21
Unknown 109
Type of Delivery Aerosol/Spray 19
Casual/Personal/Direct Contact 43
Consumer Product Tampering 18
Explosive Device 28
Food/Drink 22
Injection/Projectile 19
Jug/Jar/Canister 13
Letter/Package 46
Not Applicable (Case of possession) 45
Reaction Device 3
Unknown 47
Ventilation System 1
Water Supply 12
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Sample Countries (All)

108

Afghanistan France Malaysia Sudan
Albania Germany Mauritius Tajikistan
Angola India Myanmar Trinidad and Tobago
Australia Iran New Zealand Turkey
Bangladesh Iraq Nigeria Uganda
Belgium Israel Pakistan United Kingdom
Bosnia&Herzegovina Italy Philippines United States
Bulgaria Japan Romania Uzbekistan
Cambodia Jordan Russian Federation  Vietnam
Canada Kenya South Africa Zimbabwe
China Kyrgyzstan Spain
Colombia Lebanon Sri Lanka
Sample Groups (Some)

Al-Qaeda
Algerian Salafist Group for Combat and Preachin§RG)
Ansar al-Islam
Aum Shinrikyo
Chechen Militants
Fuerzas Armadas Revolucionarios de Colombia (FARC)
Groupe Islamique Armee (GIA)
Hamas
Hizbollah
Irish Republican Army (IRA)
Islamic Jihad
Jaish-e-Muhamad
Jemaah Islamiyah
Kach
Kurdistan Workers Party (PKK)
Lashkar-e-Jhangvi
Lashkar-e-Toiba
Liberation Tigers of Tamil Eelam (LTTE)
Mujahedin Khalg (MKO)
National Union for the Total Independence of AngaJ&lITA)
Oromo Liberation Front (OLF)
Popular Front for the Liberation of Palestine (PFLP
Revolutionary People’s Liberation Party (DHKP_C)
Scottish National Liberation Army (SNLA)

Sample Statistics
Casualties per incideht.0.54 % of radiological incidents: 8.23
Deaths per inciderit: 3.93 % of nuclear incidents: 2.53
% of chemical incidents:65.51 % of combinationidients: 2.22
% of biological incidents: 13.29 % of incidents@tving unknown agents:8.23

Table 13 offers additional information includingetbountries and the

primary terrorist groups in our sample. Some sarsfatistics are given at the
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bottom of the table. Before outliers are remowesualties per sample CBRN
incident is 10.54, while deaths per sample CBRN@mt is 3.93. After the removal
of three casualty incidents and two death incidehtsse figures drop to 3.82 and
0.51 per incident, respectively. This gives a naweurate picture that such
incidents have not yet imposed the same threav@sCBRN incidents. Of course,
this could change.

Based on Monterey WMD data, Figure 1 displays tireual number of
terrorist CBRN incidents for 1960-2004. This tisexies excludes criminal and
nonsubstantiated incidents as described aboveenGhis time plot, we see that
terrorist WMD events do not really show much pregeor variation until 1984. We
include such incidents from the second quarte©988lon in the statistical analysis
because there are sufficient incidents for statistnference.

To measure possible relationships between past CisRdrism and the type
of political regime, we rely on yearly data drawarh the Polity IV Project,
“Political Regime Characteristics and Transitiat8)0-2003 (Marshall and Jaggers
2004).” Polity data are collected by the Integiatketwork for Societal Conflict
Research (INSCR) at the University of Maryland aednit a distinction between
democratic and autocratic regimes. Democracy gessehree essential
interdependent elements: (1) institutions and gulaces that facilitate political
participation, (2) institutional constraints thamit executive power, and (3)
government-backed guarantees that protect cialtiies (e.g., freedom of speech,

freedom of association, and due process). In asfhtautocracies (nondemocracies)
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greatly restrict political participation and reguleompetitive elections.
Moreover, autocracies display few restraints orcettee power and significant
restrictions on civil liberties. In Polity IV, thecore on regime type is scaled from O
to 10 for the democracy indicator and frettD to O for the autocracy indicator.
Each of these indicators aggregate scores on tee glements of regime type into a
single score. High scores for the democratic micreflect a strong democracy,
while low scores reflect a strong autocracy. Towgosite polity score, which is the
sum of the democracy and autocracy indicators,eafigm-10 to 10. Following
Jaggers and Gurr (1995, 474), we classify natiatis polity scores of 7 and above
as democracies and nations with polity scores7adnd below as autocracies.

To explore the relationship between CBRN terrorésrd other regime

characteristics, we use monthly data on law andrdjice.,rule of law) and
corruption for 1992 to 2001, taken from the Inteior@al Country Risk Guide
(ICRG) produced by the Political Risk Services (PB&up (2004). We use ICRG
data starting in 1992 because ICRG indicates lesBdence with its data prior to
that date. ICRG data after 2001 are not availebles. The ICRG index of law and
order is constructed using two subcomponentsa (&)v component indicating the
impartiality or fairness of the legal system, aBilgn order component
characterizing people’s observance of the faWhe scores on these two components
are combined into a single “rule of law” varialhat ranges from 6 to 0, where high
scores indicate “sound political institutions, @8y court system, and provision of

orderly succession of power,” and low scores sugdgesadition of depending on
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physical force or illegal means to settle claintsiiéck and Keefer 1995). The
ICRG corruption index reflects the prevalence dfgeage, nepotism, quid-pro-quo
transactions, secret party funding, and suspiaielagionships between government
and busines$.Evidence of bribes, associated with import angbeixlicenses,
exchange rate transactions, tax assessments, poticeies, or loans, lowers a
country’s corruption index, which ranges from Ogfhcorruption) to 6 (low
corruption).

The rule of law and the corruption variables are t@mponents used by
ICRG to calculate political risk to internationaldiness operators in different
countries. ICRG guidelines suggest that eachettmponents of political risk is
indicative of very high risk if the associated irde less than 50 per cent of the top
score of 6 When, however, the index is 80 to 100 per cetheftop score, the risk
is viewed as very low. Assuming that very higlk kerresponds to weak adherence
to law and order and dishonest transactions, wesiffacountries whose rule of law
or corruption index is less than 3 as having wesd of law or corrupt regimes.
Similarly, we classify countries whose indices dquaexceed 4.8 as displaying

strong rule of law or an absence of corruptidn.
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Figure 1. CBRN terrorist incidents: 1960-2004
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The type of perpetrator — i.e., religious cultjgelus fundamentalists,

nationalists/separatists, or others — comes frabnterey WMD data. We also
use this database’s information to ascertain whetigegovernment or something
else was targeted by the CBRN incident. The M@ytelataset classifies attacks as
indiscriminateif the CBRN substance motdirected at a particular target or victim
(i.e., a specific individual or institution), bug, iinstead, used where the victim is a
random draw (e.g., the people within the vicinityem a device goes off). Thus, the
Tokyo sarin attack was an indiscriminate attagkcdntrast, Aum Shinrikyo’s sarin
attack near the judicial complex in Matsumoto oneJ@7, 1994 was @iscriminate
attack, aimed at killing the three judges who legiover a land dispute case
involving the terrorist group. The three judgesevaickened by the attack and their

ruling delayed. Other victims were unintendedateltal damage.

Odds Ratio Methodol ogy

Because the establishment of causality may be @nudtic, a careful
investigation of a relationship between differeatiables should first begin with a
demonstration that there is a statistical assatiamong key variables. The
analysis can then proceed to investigate the nafufee association: i.e., is it
casual?; and is it direct or indirect? The Montatata on CBRN incidents have
scarcely been used. Thus, our goal is to condpatlaninary analysis to ascertain
whether there is any statistical association oretation between variables of

interest, such as regime characteristics and #sepce of CBRN incidents.
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Because most of the variables that we investigateategorical in nature, the
odds ratio test provides a simple method to deétectmagnitude and significance of
the association between such variables. A hogtase tests allows us to address a
wide range of questions. With an odds ratio w@stcan investigate not only
relationship between an explanatory and a dependeiatble, but also the
relationship where both variables are interdependettomes (i.e., both are
dependent variables). This may apply to the aationi between the type of targets
(i.e., governmental or nongovernmental) and paliiegime!* In the terrorism
literature, odds ratio tests were first used bydfaikband Weinberg (1994) to test the
relationship between democracies and the presdneearist groups. In a later
section, we provide some initial regression findimghere regime characteristics and
income per capita are explanatory variables fontimaber of CBRN incidents.

The odds of an event are the ratio of the charetaitivill occur to the
chance that it will not occur. The odds ratio dgulae odds of an event in a group
exposed to some factor divided by the odds of amteim the group unexposed to
that same factor. Suppose that we are interestedestigating the relationship
between CBRN terrorism and democracies, where deries represent the
exposed groups, while autocracies denote the usexdpgroup. The odds ratio is
computed as follows: During the designated petioel number of democracies
where one or more CBRN incidents took place isddigliby the number of
democracies where no CBRN incidents took places then gives the odds of

CBRN incidents occurring in democracies. For th®aa period, a similar
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calculation for autocracies yields the odds of CBR&idents happening in
autocracies. Finally, we divide the CBRN oddsem@cracies by its odds in
autocracies to get the associated odds ratio.

If the odds ratio equals 1, then there is no refethip between the variables
as the odds of an event in the exposed group mgiadé to the odds of an event in the
unexposed group. If, however, the odds ratio edxdethen there is a positive
association between variables so that the evemnt CBRN incident) is more likely
to occur in the exposed group (e.g., democradnes) in the unexposed group (e.g.,
autocracies). Odds ratios less than 1 imply athegassociation in which the event
is less apt to happen in the exposed than in tegposed group. The significance of
the odds ratio is determined by a chi-square teshtiependence between the row
and column variables in a two by two table, as reggbbelow. We use a .05 level of
significance and report throb or p value. One can also conclude that the odds
ratio is statistically significant at the .05 leyebvided that the 95 per cent

confidence intervalloes noinclude an odds ratio of 1.

CBRN Attacks and Political Regimes

We begin with an examination of the influence ainderacy, rule of law,
and corruption on the occurrence of CBRN incider@sice we only had yearly data
on regime type, we assume that the type of regicheat change between quarters
in a given year. For each quarter between 19888608, we subdivide democracies

and autocracies into those where one or more CERMIrist incidents took place
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and those where no such incident took pfacBased on the number of
democracies, the number of autocracies, and théauaf quarters, the sample size,
N, is 6056. The subdivision results in th& 2 frequency counts in Table 14, from
which we compute the odds of CBRN terrorist incwkenccurring in democracies
and autocracies, respectively. The odds ratiousd by dividing 0.0319 by 0.0069
in Table 14. Thus, the odds of terrorist incident®lving CBRN material are 4.64
times higher in democracies than in autocracidse associategd value is 0.0000;
the odds ratio of 1 lies outside of the 95 per cemntfidence interval. Hence, the
odds of CBRN incidents are significantly highedemocracies compared with
autocracies. This finding suggests that democsagik be the likely venue for
future CBRN attacks. Clearly, freedom of infornoati the right to privacy, and
freedom of association offer the right environmamd support for such incidents.

For the 1992-2001 period, similar exercises relaeodds of CBRN
incidents to strong and weak rule of law and tolével of corruption. Because we
have monthly data on rule of law (i.e., law andevydnd corruption, we assign the
average rule of law and corruption scores durirgh élaree-month period as the
country’s quarterly scores for these two attributksTable 15, the odds of CBRN
incidents are 3.24 times greater where the rulawfs strong rather than weak.
This ratio is significant@ = 0.0005). Our findings indicate that Gurr’'s (2D05
predicted relationship between failed states (wkiezeule of law is weak) and
CBRN attacks must be interpreted with caution.héligh failed states may facilitate

the genesis of a terrorist group that might reoat CBRN attack, the staging of
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these attacks have been where the rule of lawasgt Table 16 indicates that
the odds of CBRN incidents is 1.94 times greaterancorrupt than in corrupt
regimes:® This ratio is significant at the .05 level. Thhsnest regimes appear to
attract CBRN incidents; however, this associat®nat strong like that for
democracy and strong rule of law.

Democratic ideals and institutions have a downsidee they appear to
facilitate WMD acquisition and use. By restraingxgecutive power and protecting
individuals’ (including terrorists’) freedoms, deoratic regimes and values provide
terrorists with the opportunity and means to engad®¥MD terrorism. Thus,
Chertoff's (2005) concerns appear well-founded basepast experiences that could
portend the future. Nevertheless, the appropléatel of protection for CBRN
attacks must be judged not only on their likelyweiut also their likely

consequences. To date, these attacks have netdcanasy deaths per incident.

Group Type and CBRN Events

Next, we focus on the perpetrators of CBRN incidenftables 17-19 use the
odds ratio tests to judge if the likely perpetratare religious cults and
fundamentalists and/or nationalist/separatist ggqfnequently, called nationalist
groups) as hypothesized in the literature (e.grr @005; Post 2005; Sinai 2005). In
Tables 17-19, we use quarterly observations frarstdtond quarter of 1988 through
the second quarter of 2004 on whether a parti@ldess of potential perpetrators did

or did not engage in a CBRN incident. The period mcludes through the first
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half of 2004, since the availability of regime dateds not constrain our

investigation for these three odds ratio tests.

Table 14. Relationship between CBRN terrorism ianid and regime type (1988-2003)

Democracies Autocracies
One or more C_BRN incidents 124 14
occurred in a given quarter
NO.CBRN incidents occurred in 3884 2034
a given quarter
Qdds of CBRN t_erronst 0.0319 0.0069
incidents occurring

Odds ratio = 4.64
Chi-square = 35.36
Standard error = 1.31
N 6056
= 0.0000

Lower 95% confidence limit = 2.65
Upper 95% confidence limit = 8.75

Table 15. Relationship between CBRN terrorism iantd and rule of law (1992-2001)

Strong rule of law Weak rule of law

One or more CBRN incidents

) . 68 9
occurred in a given quarter
Np CBRN incidents occurred in @ 1975 847
given quarter
Odds Qf CBRN terrorist incidents 0.0344 0.0106
occurring

Odds ratio = 3.24
Chi-square = 12.10
Standard error = 1.16
N 2899
= 0.0005

Lower 95% confidence limit = 1.60
Upper 95% confidence limit = 7.42
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Table 16. Relationship between CBRN terrorism iantd and corruption (1992-2001)

Noncorrupt Corrupt
One or more CBRN incidents
) ; 38 32
occurred in a given quarter
N.o CBRN incidents occurred in p 934 1523
given quarter
Odds Qf CBRN terrorist incidents 0.0407 0.0210
occurring
Odds ratio = 1.94 Lower 95% confidence limit = 1.17
Chi-square = 7.61 Upper 95% confidence limit = 3.22
Standard error = 0.47
N 2527
= 0.0058

In Table 17, religious groups refer to religiouts@and religious
fundamentalists, while “all others” refer to potahperpetrators of CBRN events
who did not belong to these religious grougs.is 130 because there are two
categories of potential agents for the 65 quartére odds ratio of 0.16 indicates
that the odds of the perpetrator being a religgnesip are less than one fifth of the
odds of the perpetrator being some other typeotHar words, nonreligious agents
are over five times more likely than religious gosuo engage in CBRN incidents.
This outcome is quite significarp € 0.0000) and is against conventional wisdom.

In Table 18, we examine nationalist/separatist gsale.g., Tamil Tigers in
Sri Lanka) in comparison with all other potentiakpetrators. The odds ratio of 0.33
indicates that all others are three times mordylikean nationalist/separatist groups
to execute CBRN incidents. This result is sigmificat the .05 level. We next
combine religious and nationalist/separatist graofisa single category of
religious/nationalists. This combination is thoutghpose the greatest threat of

CBRN terrorism (Blum et al. 2005; Post 2005). lels ratio test, however, shows
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that religious/nationalistare not more likelghan others to conduct CBRN

incidents (see Table 19). Although the odds ratimot significantly different than 1,

the odds of such attacks by others is greaterttiatrof religious/nationalist groups.

This result is rather surprising and serves padicgts by identifying the orientation

of the likely perpetrator.

Table 17. Relationship between CBRN terrorism atigious groups (1988-2004)

Religious groups All others

One or more CBRN incidents

) ; 29 54
occurred in a given quarter
No CBRN incidents occurred 36 11
in a given quarter
_Od_ds of CBRN t.errorlst 0.8056 4.9091
incidents occurring

Odds ratio = 0.16
Chi-square = 20.83
Standard error = 0.07
N 130
= 0.0000

Lower 95% confidence limit = 0.07

Upper 95% confidence limit = 0.39

Table 18. Relationship between CBRN terrorism aatibnalist groups (1988-2004

Nationalist groups All others

One or more CBRN incidents

) ; 40 54
occurred in a given quarter
No CBRN incidents occurred o5 11
in a given quarter
_Od_ds of CBRN t_errorlst 1.6000 4.9091
incidents occurring

Odds ratio = 0.33
Chi-square = 7.53
Standard error = 0.14
N 130
= 0.0061

Lower 95% confidence limit = 0.13

Upper 95% confidence limit = 0.79
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Table 19. Relationship between CBRN terrorism atigious and nationalist groups (1988-2004)

Religious/Nationalists All others
One or more CBRN incidents
) . 46 51
occurred in a given quarter
_No CI_SRN incidents occurred 19 14
in a given quarter
_Od_ds of CBRN t_errorlst 24211 3.6429
incidents occurring
Odds ratio = 0.67 Lower 95% confidence limit = 0.28
Chi-square = 1.02 Upper 95% confidence limit = 1.58
Standard error = 0.27
N 130
B 0.3136

In Tables 20-22, we explore how CBRN terrorist darits by religious
groups relate to regime characteristics. Thisstigation allows us to join elements
of our first two exercises. In particular, we istigate whether regime type is
associated with CBRN activity by religious cultsldondamentalists. Table 20, for
example, computes the odds ratio of religious giauplvement in a CBRN event
in democracies compared with their involvementutoaracies. Even though
religious groups are 3.46 times more likely to gaut a CBRN event in
democracies compared with autocracies, the chirequedue inot significant. The
raw counts in the four cells are still consistethv€BRN incidents being
perpetrated by others in democracies. In Tablél&lrelationship between the type
of group and the rule of law is just significanthy = 0.042. The associated odds
ratio equals infinity because there are no CBRMot&t events by religious groups
in lawless countries. When the rule of law is styareligious groups are more likely
to engage in CBRN incidents. Table 22 shows tabdds of religious groups

rather than other actors carrying out a CBRN t&st@attack are 3.67 times higher in
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noncorrupt than in corrupt countries. The assediahi-square is significant

with p = 0.005. In summary, Tables 20-22 indicate takgjious cults and

fundamentalists favor staging CBRN incidents in deracies with strong rule of

law and honest governments.

Table 20. Relationship between CBRN terrorist ieotd carried out by religious groups and regime

type (1988-2003)

Democracies Autocracies
Religious cults or fundamentalists 38 1
All other actors 187 17
Odds of religious group
involvement in a CBRN incident 0.2032 0.0588

Odds ratio = 3.46
Chi-square = 1.59
Standard error = 3.61
N 243
= 0.2075

Lower 95% confidence limit = 0.51
Upper 95% confidence limit = 148.09

Table 21. Relationship between CBRN terrorist ieotd carried out by religious groups and rule of

law (1992-2001)

Strong rule of law Weak rule of law
Religious cults or
fundamentalists 21 0
All other actors 108 17
Odds of religious group
involvement in a CBRN 0.25 0
incident

Odds ratio = infinity
Chi-square = 4.13
Standard error =
N 152
B 0.042

Lower 95% confidence limit = 1.08

Upper 95% confidence limit =
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Table 22. Relationship between CBRN terrorist ieotd carried out by religious groups and
corruption (1992-2001)

Noncorrupt Corrupt
Religious cults or
fundamentalists 24 7
All other actors 42 45
Odds of religious group
involvement in a CBRN 0.5714 0.1556
incident
Odds ratio = 3.67 Lower 95% confidence limit = 1.34
Chi-square = 7.88 Upper 95% confidence limit = 11.07
Standard error = 1.76
N 118
= 0.005

We also computed analogous odds ratio tests (&ailgpon request) that
relate nationalist perpetrators and the three chexiatics of regimes. Compared
with other agents, the odds of nationalists/sesasaCBRN involvement is no
different in democracies than in autocracies. kénfeligious groups,
nationalists/separatists have greater odds of CERNrist activity compared with
other actors where the rule of law is weak or thedrruption. Thus, some
democratic principles inhibit CBRN actions for metalists/separatists but not for
religious groups. Thus, CBRN incidents in faidtes are apt to come at the hands
of nationalist/separatist terrorists.

Recently, Blum et al. (2005, 135) noted that “steee cult-like groups are
more likely to be able to keep CBRN activity corledawhereas transnational
groups are more likely to be able to obtain CBRsbtegces but are less likely to be
able to conceal CBRN activity.” We cannot tess thypothesis directly because we

cannot obtain data on concealed activities. Howdkie Monterey WMD database
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differentiates between incidents where the CBRNstuize was actually used
(classified as “use of agent”) from those casesravtiee perpetrator only threatened
to use a CBRN substance in their possession (fitxbssais a “threat with
possession”). The database also indicates ingamuere the terrorists possessed
the CBRN agent with the intent to use it (clasdifs “possession”) and cases where
the terrorists’ efforts to acquire the CBRN agexiliedd or was stopped (classified as
“attempted acquisition”). By grouping the laste@rcategories together, we can
subdivide all CBRN incidents in the Monterey datbas follows: (1) the terrorists
succeeded in concealing their CBRN activity uritd CBRN agent was used, and
(2) the terrorists did not succeed in concealiryyt8BRN activity. In the latter
case, the terrorist CBRN intention either becammakmor was stopped before the
act was consummated.

To examine whether theseof a CBRN agent as opposed to its acquisition or
possession varies between transnational groupetaed perpetrators, we code each
of the terrorist groups in the Monterey databasgasnational or otherwise. If a
group is included in thinternational Terrorism: Attributes of Terroristvents
(ITERATE) dataset (Mickolus et al. 2005), whichaets groups engaging in one or
more transnational terrorist events, then the giswassified as transnational.
Perpetrators in the Monterey database that arsmMdERATE are classified as “all
others.”

In Table 23, the chances that terrorist effort$ sesult in the actual use of a

CBRN agent are significantly less for transnatigraups. From 1988 through the
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middle of 2004, the odds ratio is only 0.28, sd tither perpetrators are over
three times more likely to use a CBRN substancepewed with transnational
terrorist groups. The associated chi-square isfgtggnt. This finding supports the
hypothesis that transnational groups are less adegincealing their CBRN activity
than other CBRN perpetrators. Possession of CBRINtances by transnational
groups becomes known with no subsequent actiomefatively high proportion of
cases.

We also investigate whether target choice is aasetiwith a group’s
transnational orientation. The significant oddsoran Table 24 highlights that
transnational groups are almost twice as likelgtasrs to choose a government
target in CBRN acts. This targeting insight calpltiérect counterterrorist resources
when a transnational group is involved. In TalBetBe odds ratio indicates that
CBRN incidents with an indiscriminate target areaty likely to be carried out by
either transnational groups or all other perpetsatd hus, transnational groups do
not appear to be more bloodthirsty or intent orscagiwidespread fear compared

with other perpetrators of CBRN events.
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Table 23. Relationship between the type of CBRNdats and the transnational orientation of

perpetrators (1988-2004)

Transnational groups All others
Actual use of CBRN substanc 44 164
Acquisition or possession only 53 55
Od_ds of CBRN substance 0.8302 2 9818
being used

Odds ratio = 0.28
Chi-square = 26.05
Standard error = 0.07
N- 316
= 0.0000

Lower 95% confidence limit = 0.16
Upper 95% confidence limit = 0.48

Table 24. Relationship between the target of CBRatks and the transnational orientation of

perpetrators (1988-2004)

Transnational groups All others
Government Target 51 76
Nongovernment target 46 143
Odds of government being a
CBRN target 1.1087 0.5315

Odds ratio = 2.09
Chi-square = 8.93
Standard error = 0.52
N 316
= 0.0028

Lower 95% confidence limit = 1.25

Upper 95% confidence limit = 3.49

Table 25. Relationship between target discrimimatbCBRN attacks and transnational orientation

of perpetrators (1988-2004)

Transnational groups All others
Indiscriminate target 45 101
Discriminate target 52 118
Od_ds of indiscriminate target 0.8654 0.8559
being attacked

Odds ratio = 1.01
Chi-square = 0.00
Standard error = 0.25
N 316
= 0.9642

Lower 95% confidence limit = 0.61
Upper 95% confidence limit = 1.68
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Other Target Choices

We now relate CBRN target choice to democratiatutsbns. In particular,
we ascertain whether government targets are maly lio be attacked in
democracies rather than in autocracies, or whereulle of law is strong rather than
weak, or in noncorrupt rather than corrupt coustriEor Table 26, we separate all
CBRN incidents between 1988 and 2003 into thoseevtiie government was either
the primary target (the immediate “target suffetting physical assault”) or the
secondary target (the ultimate “target being affédty the symbolic and
psychological impact of the attack*j and those where the government was not a
target. CBRN incidents in democracies and auteesaare then subdivided based on
target choice: government or nongovernment. Babéeand 27 show that the odds
of the government being the target of a CBRN ingidae not significantly related
to democracyr the rule of law. In Table 28, the odds of CBRNdést incidents
being aimed at a government are 69 per cent laweomncorrupt countries than in
corrupt ones. The associatgdalue is 0.004. This result also indicates that
nongovernment targets are more likely to be hitancorrupt regimes, thus putting
the general public in harm’s way. This findingarmhs authorities where to allocate

protective measures in various regime types.
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Table 26. Relationship between target of CBRN ientd and regime type (1988-2003)

Democracies

Autocracies

Government target

81 8
Nongovernment target 145 10
Odds of government being a 05586 0.8000

CBRN target

Odds ratio = 0.70
Chi-square = 0.53
Standard error = 0.35
N 244
= 0.4655

Lower 95% confidence limit = 0.24
Upper 95% confidence limit = 2.13

Table 27. Relationship between target of CBRN téstancidents and rule of law (1992-2001)

Strong rule of law

Weak rule of law

Government target

35 5
Nongovernment target 101 12
Odds of government being a 0.3465 0.4167

CBRN target

Odds ratio = 0.83

Chi-square = 0.11

Standard error = 0.47
N 153

g 0.745

Lower 95% confidence limit = 0.25
Upper 95% confidence limit = 3.24

Table 28. Relationship between target of CBRN ieotd and corruption (1992-2001)

Noncorrupt Corrupt
Government target 14 24
Nongovernment target 52 o8
Odds of government being a 0.2692 0.8571

CBRN target

Odds ratio = 0.31

Chi-square = 8.29

Standard error = 0.13
N 118

= 0.004

Lower 95% confidence limit = 0.13
Upper 95% confidence limit = 0.75
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To investigate whether CBRN incidents with casealare more likely to
be executed by transnational groups or other gatonshether such incidents are
more likely to vary with the type of target, we idie all incidents in the Monterey
database into those that resulted in one or mqueas or fatalities (casualties) and
those that involved no casualties. For 1988-20@4)e 29 indicates that the chances
that CBRN incidents will result in one or more calties is 40 per cent as likely for
transnational groups compared with other agenkse aBsociated chi-square is
significant. Thus, the use of CBRN agents by tnatisnal groups has been less
threatening than their use by domestic terrortats far. Table 30 suggests that
CBRN incidents are less apt to result in casualtiesn aimed at government
targets. The odds that government-directed in¢sdegsult in casualties are 40 per
cent lower for government than for nongovernmergdes. The associated chi-
square is, however, only significant at the .1@lesincep = 0.0678. Finally, Table
31 indicates that there is no significant relattopsetween CBRN incidents
resulting in casualties and indiscriminate targebhthe general population. This
finding does not support the view that “random édirgg is associated with the
motivation to cause social paralysis — or inflicisa casualties,” (Post 2005, 149)
because the odds of casualties with indiscrimiatiteks are not significantly
different than those with discriminate attacks.ist8urprising outcome may follow

from past CBRN attacks, having limited casualties.
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Table 29. Relationship between CBRN incidents wéhualties and transnational orientation of

perpetrators (1988-2004)

Transnational groups All others
CBRN |nC|de_nts with one or 13 61
more casualties
CBRN |_nC|dents with no 84 158
casualties
Odds of CBRN incidents 0.1548 0.3861

resulting in casualties

Odds ratio = 0.40
Chi-square = 7.83
Standard error = 0.13
N 316
= 0.0051

Lower 95% confidence limit = 0.19
Upper 95% confidence limit = 0.79

Table 30. Relationship between CBRN incidents wéabualties and target type (1988-2004)

Government target

Nongovernment target

CBRN mudents with one or 23 51
more casualties

CBRN |_nC|dents with no 104 138
casualties

Odds of CBRN incidents 02212 0.3696

resulting in casualties

Odds ratio = 0.60
Chi-square = 3.34
Standard error = 0.17
N 316
Bz 0.0678

Lower 95% confidence limit = 0.33
Upper 95% confidence limit = 1.07

Table 31. Relationship between CBRN incidents wihkualties and target discrimination (1988-

2004)
Indiscriminate target Discriminate target
CBRN |nC|de_nts with one or 38 36
more casualties
CBRN |_nC|dents with no 108 134
casualties
Odds of CBRN incidents 0.3519 0.2687

resulting in casualties

Odds ratio = 1.31
Chi-square = 1.03
Standard error = 0.35
N 316
F 0.31

Lower 95% confidence limit = 0.75
Upper 95% confidence limit = 2.28
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CBRN Attacks and Democratic Regimes. Regression Analysis

We conclude with some regressions to ascertainhgheiemocratic
principles can explain CBRN attacks in a causalyaia In so doing, we go beyond
the correlations displayed thus far by the odds tasts. We are, thus, interested in
explaining the variation in the number of CBRN dhemts based on regime type, rule
of law, and honesty (absence of corruption). Rar ¢stimations, we include a
measure of the country’s wealth in terms of theyéy(In) value of income per
capital® The dependent variable is an event count megheaumber of CBRN
incidents per quarter), characterized by a prep@amde of zeros (i.e., sample
countries with no incidents in a quarter) and swallies. The discrete nature of the
data must be taken into account by the estimatoichwis often done by using a
regression based on the Poisson distribution (Cameend Trivedi 1998; Greene
2003). A major shortcoming of a Poisson regressdhat the conditional mean of
the dependent variable is assumed to equal itstoomal variance. If this
underlying assumption is not appropriate, thensthaedard errors associated with the
coefficient estimates will be underestimat&dA negative binomial regression is a
generalization of a Poisson regression that alfowa greater underlying variance
(overdispersion), not constrained to equal the mé&&e apply maximum-likelihood
methods to estimate the negative binomial regrassiodel.

Given that we have cross-sectional, time-series, dlais reasonable to
assume that observations from different quartarthi® same country are correlated

(which results in heteroscedasticity in the varentthe error term), while any two
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observations for different countries are indepenhd@&io account for this
correlation, we use a robust variance estimatatetaed over countries that allows
for heteroscedastic variance, both between andnathuntries (Williams 2000).
Moreover, the formula for this estimator’s variameatrix permits an arbitrary
dependence structure for observations within ceeso that estimations are robust
not only to heteroscedasticity but also serial eatron.

In Table 32, we display the results for three niegdiinomial regressions,
where CBRN incidents per quarter is the dependamabie. Model 1 contains
democracy, rule of law, and honesty as independarttnuousvariables, while
Model 2 also includes logged gross domestic proabtP) per capita. In Model 3,
we include dummy variables for all but one quatteaccount for any temporal
influences that may be associated with the numb&B®&N incidents. To test
between the negative binomial and Poisson regmess® examine the dispersion
parameter. If this parameter equals one, theniss&wodistribution is appropriate.
For all three models, we reject, at the .01 lethed, hypothesis that the dispersion
equals one, which means that the conditional veeaxceeds the conditional mean
(i.e., the negative binomial distribution applie¥he log-likelihood value indicates
that Model 3 is best. The Wald test indicates thatoverall model is significant at

the .01 level.
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Table 32. Negative binomial regressions (standemat®adjusted for clustering on countries)

Model 1 Model 2 Model 3
Democracy 0.159%** 0.119%*** DLE***
(0.04) (0.04) (0.04)
Rule of Law 0.773** 0.510** 0.539**
(0.25) (0.25) (0.23)
Honesty (no corruption) —0.747*** —0.824%*** —0.790%**
(0.16) (0.17) (0.20)
Ln (Income per capita) 0.435** Q24>
(0.22) (0.20)
Constant —5.002%** —6.917%** =7.178***
(0.98) (1.42) (1.48)
Observations 4980 4580 4580
Dispersion = 1 24.52%** 20.35%** 1450***
Log-likelihood —639.34 —614.76 -587.72
Wald test ¢ 25.99%** 30.51x** 46229.54***

Note Dependent variable is the number of CBRN incidgrer quarter. Standard errors are in
parentheses. For Model 3, the coefficients foriguly dummies are not shown. *Significant at .10
level. **Significant at .05 level. ***Significanat the .01 level.

For all three models, coefficient estimates arezangdy robust showing little

variation as variables are added. Consistent wittearlier results, democracy and

strong rule of law are significant positive influas on the number of CBRN

incidents. Unlike the odds ratio test, honesty reegative influence on CBRN

events. We should, however, remind the readetrthieaddds ratio tests for honesty

was not as conclusive as for democracy and stnaegf law. Wealth, as reflected

in income per capita, is also a significant positileterminant of CBRN incidents.

Thus, rich countries with strong democratic regiraes strong rule of law attract

CBRN attacks. Based on Model 3, a one point inergathe democracy score of a
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country leads to an 11.6 per cent increase inxpeaed number of CBRN
incidents. As a country’s rule of law score insesmby one point, there is a 53.9
percent increase in the expected number of CBRNMents. The coefficient on rule
of law is over four times as large as that on delamg indicating that the effect of a
one point increase in rule of law is over four tetleat of democracy. The estimated
parameter suggests that if corruption decreaseséyoint, the anticipated number
of CBRN incidents decreases by 79 per cent, wiaéhsubstantial change. Finally,
an increase in a country’s income per capita resolé large increase in its

expected number of CBRN events.

Concluding Remarks

Chemical and biological attacks by Aum Shinrikydhe mid 1990s in Japan
suggest that CBRN devicasaybecome a greater terrorist threat in the futliiee
large number of casualties associated with 9/1leffiodts by al-Qaeda to acquire
CBRN substances foreshadow the possibility of RIQBRN terrorist attacks as a
means of causing mass casualties. Terroristshtemtions to use larger bombs to
create greater carnage also indicate that mordyd€&RN weapons may be
deployed (Enders and Sandler 2006). Our papertheddonterey Institute WMD
terrorism database to evaluate empirically theneatfi CBRN terrorism. In
particular, we apply odds ratio tests to judge soecent hypotheses about WMD
incidents put forward by terrorist experts. Iniéiod, we relate past CBRN

incidents to regime characteristics to ascertaiathdr democratic principles and
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values have been associated with CBRN incidentssupport these odds ratio
tests for regime characteristics, we also repartesegressions. Additionally, we
investigate the likely CBRN perpetrators and pasjeting decisions.

We find that democracy, strong rule of law, anddsiy are positively and
significantlyassociatedvith past CBRN incidents. In the regressions, alemacy
and strong rule of law are positive determinantsyefnumber of CBRN incidents.
Thus, liberal democratic regimes provide the emriment where terrorists are more
inclined to engage in such attacks. Failed stdtfes a place for some terrorist
groups to form and seek sanctuary, but democriesprovide the staging ground
for CBRN use. Thus, contrary to some conventignatiom, CBRN incidents have
taken place where the rule of law is strong. CB&fdcks in democracies may be
favored by terrorists, because such attacks gengraater public anxiety and panic
in regimes whose legitimacy rests on their abtlityprotect lives and property.
Thus, democratic states must be vigilant againd®RiEBcidents, in keeping with
the DHS shift of emphasis to be prepared for CBRACKS.

Our results show that religious cults and fundamiesis display lower odds
than others to engage in CBRN incidents. Similarftionalist/separatist groups are
less likely than others to conduct CBRN events.aAmgle category, religious cults,
fundamentalists, and nationalist/separatist graupsequally likely as all others to
execute CBRN events. As anticipated in the litegttransnational terrorist groups
display reduced odds of using CBRN devices, contparth other groups. The

odds of the government being the target of a CBiRiNlent are not dependent on
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democracy or the rule of law. Finally, we showt tine likelihood of CBRN
casualties is not related to indiscriminate targetiOur analysis of targeting
decisions by CBRN terrorists should inform policikees — e.g., transnational
terrorist groups favor government targets, whilagavernment targets are favored
in noncorrupt regimes. This study is a modestretio a crucial topic that requires

more quantitative analysis to ascertain the validitrecent hypotheses and

opinions.
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Chapter 4 Notes

! For the text of Chertoff's speech, see
http://www.dhs.gov/dhspublic/interapp/press_rele8303.xml.

2 Past studies on democracy and terrorism includésutk and Weinberg (1994,
2001), Li (2005), Sandler (1995), Weinberg and mkb@d 998). Previous studies
found that democracy is positively associated wathorism.

3 Contrary to these authors, Rapoport, “Terrorisuh\Afeapons of the Apocalypse,”
does not view cults, fundamentalists, and natigtelBeparatists as more prone to
use CBRN terrorism.

* Thus, our finding agrees with the view expresseBlapoport, “Terrorism and
Weapons of the Apocalypse.”

® These restrictive cutoffs to distinguish democréitim autocratic regimes have
been applied by other studies using Polity datandd, we are following standard
practice. In the odds ratio tests for democraacy/@BRN incidents, we also used
less stringent cutoffs and obtained the same stafi$indings (available from the
authors upon request).

® See the definitions for these components at tIREC2005) website,
http://www.icrgonline.com/page.aspx?page=icrgmeshod

" Again, see ICRG (2005) http://www.icrgonline.comge.aspx?page=icrgmethods.
® Ibid.

® When we use 3 as the start of strong rule of taw,0dds ratio results are
essentially unchanged.

19 Further analysis of such relationships can beasdog-linear models as
described in Fleiss et al. (2003).

1 We also use yearly observations, to test theioelship between CBRN incidents
and regime characteristics. With yearly observatitl is cut by a quarter for the
three cases. The results (tables available upprests) are identical to the quarterly
findings reported in the text.

www.manaraa.com



138

12 As an alternative exercise, we relate countriaggories (e.g., democracies and
autocracies), rather than countries per se, tprthgence or absence of CBRN
incidents in a given quarter. Thus, there are h@# observations — 64 for each type
of country. Our results remain essentially uncleahiyom Tables 1-3: the odds
ratio is 12.82§ = 0.000) for regime type, 19.5@ € 0.000) for strong rule of law,

and 2.5 p = 0.0441) for noncorruption.

13 These definitions are taken from the Montereyitust, WMD Terrorism
Database.

14 Data on income per capita come from World BankupréWorld Development
Indicators Online,” http://devdata.worldbank.orgatmline, accessed on January 16,
2006.

15 The coefficient estimates will, however, be cotesit
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Chapter 5: Conclusion

The non-existence of data on clandestine activitésslong prevented
researchers from handling some of the most presssogs in international relations
to date. lllegal arms trade, human traffickinggglal immigration and transnational
organized crime are examples of those problemgdigaire immediate action but
whose prevention is considerably hampered by taleility to gather relevant
information and identify important actors and patseof behavior. Most of illegal
activities involve corruption of some sort whethtas related to bribing customs
officials, tax collectors or any other governmeragénts; as Paolo Mauro (1997)
points out, corruption has been around for a veng ftime and will continue to be
around “unless governments figure out effective sua@ycombat it.” The analysis of
illegal transactions is, thus, likely to remaintnign the research agenda for at least
some time ahead.

This research project approaches the data probtechaadestine activities
from two different angles. On the one hand, it nsakee of newly available
subjective rankings of countries in terms of cotimpand rule of law to investigate
compliance (or noncompliance) with environmentgltations and the use of
CBRN terrorism. On the other hand, it develops téeoal models to examine 1)
illegal trade in polluting substances and 2) theraporting of emissions by a
polluting firm and an environmental inspector. Thedels yield predictions about

the responses of both legal and illegal parts @fittivities to changes in corruption
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and the magnitude of penalty. Since only data gallgansactions are available,
the theoretical conclusions concerning legal ingartd reported emissions are
tested. Based on the model and the empirical sgsoferences about secret
behavior are made.

The analyses of both illegal trade and the underte of emissions
explicitly incorporate the uncertainty associatethwmuggling. The probability of
detection depends positively on the ratio of illeagaotal imports, in the former
case, and negatively on reported emissions, itattex. This means that legal part of
the activities can be used to mask the clandeptineso that the actors intending on
violating environmental regulations have to findggmtimal trade off between the
profits they receive from avoiding the regulati@msl the increased chances of being
caught as a result of an increase in monitoringy &tdrop in compliant behavior has
been observed. Since the empirical tests of theeta@ie done in the specific
contexts (the use of CFCs controlled by the MomhtPeatocol in different countries
and the transport of sulphur emissions across E)ydpe theoretical models
incorporate some of the specific features inheretitiem. However, the models still
remain quite general to be applied to a lot of odases involving either illegal trade
or corruptible inspectors.

Although the mechanisms through which corruptiod are of law affect
legal and illegal behavior in the case of the CF@é and in the case of the sulphur
emissions are different, the findings in both catgere similar. The results

concerning both illegal trade in CFCs and transidam sulphur pollution indicate
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that the assessment of compliance with internatiemaronmental regulations in
different countries cannot solely be based on thel@ data reported to the relevant
monitoring agencies. The analysis of illegal trad€FCs and sulphur pollution in
European countries shows that knowledge about #gnitude of penalty and the
level of corruption in different countries may héfpernational observers gain better
understanding of the true level of polluting substs produced by those countries.

Both in the case of illegal trade in CFCs and thiptsur pollution in Europe,
the gap between the data on reported and actudgdigiion of polluting substances is
the highest in countries with high corruption ao@ penalties for environmental
violations. Legal imports of CFCs are relativelylo these countries but they are
associated with high illegal and total trade in GFAt the same time, countries with
very low corruption and high penalties are alsaatizrized by low levels of legal
imports. However, low legal imports in these coi@stare combined with a much
smaller amount of CFCs imported illegally indicatim much better environmental
performance. In the case of sulphur pollution,tredédy high amounts of reported
emissions in countries with very high corruptior dow penalties are associated
with relatively high actual amounts of the pollutand a high level of illegal
activity. At the same time, reported emissionsarhtful substances in countries
with low corruption and high penalties may alsadlatively high, but the actual
emissions of harmful substances are much lowdrase countries so that in the end

they are again at the top of the environmentalgoerénce scale.
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Corruption when combined with low penalties for konmental
violations makes it impossible to compare complkeawth the provisions of
international agreements between countries basédkeoofficial data. Take, for
example, Costa Rica and Indonesia. Both of theifiedithe Montreal Protocol.
Operating under Article 5, both of them could posig their compliance for 10
years. After 1999, Artilce 5 countries had to fredzeir consumption of CFCs at the
baseline level which is the average level of constion for the period 1995 to 1997.
In 2001, 144.56 ODP tones of CFC imports were rtepldny Costa Rica (where the
baseline is 250.18 ODP tones) and 5411.14 ODP tonéslonesia (where the
baseline is 8332.67 ODP). Thus, the official datggest that both countries are in
compliance with the Protocol. However, a closeklabthe actual practices with
regard to the use of CFCs in these two countriegiges a different view on the
situation.

According toThe Jakarta Posarticle “RI likely to miss 2007 ozone
deadline” published on June 20, 2006, about 4,008 @nes of CFC-12 (one of the
five CFC gases controlled by the treaty) are smedygito Indonesia yearly. If this
estimate is true, the actual amount of CFCs impgaddndonesia in 2001 was at
least 9411 ODP tones. This figure exceeds the inadelel indicating that
Indonesia might, in fact, have failed to meet tieatly obligations. At the same time,
illegal traffic of CFCs did not surge in Costa Rwhere controls on CFC imports
were in place by 1999. The figures reported bygiinernment of Costa Rica are

likely to be very close to the actual consumptewels of CFCs.
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In the EIA report “Lost in Transit: Global CFC Sngligpg Trends and the
Need for a Faster Phase-out,” the executive chaimha Singaporean company
particularly experienced in illegal CFC trade psiatit to an undercover EIA
investigator that customs contacts are cruciahtbke illegal shipments to proceed,
adding that paperwork is of no consequence withiighe connections. Bribery of
customs officials facilitates illegal traffic soathhighly corrupt countries will attract
more CFC contraband. In 2001 ICRG rankings, Indeneseived a score of 1 in
terms of honesty (implying high corruption) anchZerms of the rule of law
(implying low penalties for environmental crimek).contrast, Costa Rica scored 5
in terms of honesty and 4 in terms of the ruleagf (6 being the maximum). This
example illustrates that the degree of corruptiath the rule of law (used as a proxy
for the magnitude of penalty) may be informativeathe discrepancy between the
official data and actual level of compliance witibeirnational obligations.

International organizations responsible for momigpollution should direct
part of their efforts at reducing the pernicioufeets of high corruption and low
penalties associated with weak rule of law on lloéhlegal and illegal part of the
transactions in environmental sphere. Since tHerdifice between actual and
reported amounts of harmful substances is theagest highly corrupt countries
where penalties for environmental violations amg/\lew, the strategy developed to
reduce pollution in these nations should diffenfrthat developed for noncorrupt
regimes with strict environmental laws. Transpayanaata reporting is particularly

important in these countries since it can discoeii@glusion between environmental
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inspectors and firms. Moreover, any attempts toaiceccorruption connected to
environmental pollution should be combined withighler penalty as there are
important interaction effects between the two.

After the examination of the relationship betweerruption, magnitude of
penalty and environmental degradation, the focgsiited to a different type of
criminal activity, i.e., the CBRN terrorism. Althgh a lot of activity conducted by
terrorists remains clandestine, it can be meadwydte data on the actual incidents
involving the use of CBRN agents. The results ia tiase are quite surprising.
Although failed states characterized by high cararpand weak rule of law as well
as lack of democratic processes may offer a plaicefrorist groups to form and
take refuge, it is democratic states where rulawfis strong and corruption is low
that provide the staging ground for the CBRN useeBsuring freedom of
association, protection of civil liberties, med@erage of events, and an ability to
acquire weapons, funding and information, demoesaprovide the environment
where terrorists are more inclined to stage test@ftacks. CBRN incidents are more
likely to take place in countries with strong roldaw because the terrorist rights are
protected and successful attacks cause greater gadianxiety by questioning the
ability of the government to protect life and pragewhich leads to the societal
autoimmune effect. Honest regimes also appear asbeciated with a higher
number of CBRN incidents, although the empiricadart for the effect of

corruption is not as strong as it is for democraiag the rule of law.
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Since the main actors in the CBRN terrorism scera terrorist groups,
it is important to understand what factors influeticeir motivation and decisions.
The data show that religious cults and fundamestsatire more likely to get
involved in CBRN events when the rule of law i©atgy and corruption is low. The
odds of nationalists/separatists CBRN involvemgnhowever, no different in
democracies than in autocracies. Moreover, unkkgious groups,
nationalists/separatists are more likely to staB&R events in countries with high
corruption and weak rule of law. The result suggésat democratic principles
inhibit CBRN actions for nationalists/separatisis bot for religious groups.
Another implication is that nationalists/separatiste more likely to be responsible
for CBRN attacks in failed states. Although demogrand strong rule of law do not
determine whether governments rather than othgetsiare chosen for a CBRN
attack, there is a significant association betwgmrernment targets and corrupt
regimes. In particular, government targets are rhikedy to be hit in corrupt
regimes, while the reverse is true for honest aestvhere the general public may
be put in harm’s way.

The CBRN events covered in this analysis havenmitrred mass casualties
or large-scale damage to qualify for WMD terrorigtiowever, if executed correctly,
these CBRN incidents have the potential to resuthuich greater destruction and
loss of life. They are, thus, regarded as the psecs to future incidents with a much
greater number of victims and their study provithsgghts as to perpetrators,

location, targets and other factors. Knowledgeheflikely venue, target and the

www.manaraa.com



149
orientation of the likely perpetrators associatéith wast CBRN incidents can
inform policymakers on where to allocate protectiveasures. Past data indicate that
democracies where there is strong rule of law amddorruption are most vulnerable

to WMD attacks, should they ever take place.
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Appendices

Appendix A

Total differentiation of the system in equations4ad (5) yields

2 _ ol 2 _ ol
gz TP o _aP?AA-ARB] , _ a’PR[AA-ARB] 23)
A A A
dk = ﬂAxx dr + P[G'A;(P/‘(X)— ﬂxxA] da + G'PH[G'A;(P/‘(X)— ﬂxxA] dé (24)
where subscripts denote partial derivatives/A&mdA(X) - A, (x - %) > 0,
B =24, -A,(x-%)<0 andA = 1, aPB - (aA,P)’ > 0. Hence,
ox _ aA.P (25)
or A
2[4 A afo
ox __aP*[AA - A(X)B] (26)
oa A
2 A

ax __a’PR[A,A-A(%)8] @7)
06 A
oxX _ T,
2= 2
or A (28)
0% _ PlaA,PA(X)- m,A] (29)
oa A
% _ aPy[aA,PAR) - 1, A] (30)
08 A

Substituting (25) and (28) in (7) and simplifyirvge get (8).
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Appendix B

Total differentiation of (8) yields:

{_ (7TXX - DXXW )dP— + C)I xxx C)I)I/]xn-xx gx}dr
or 4

+{_ (ﬂx - DXW)P - (ﬂxx - DXXWZ)OPS_;(, +C/I n-xxxaa_;(, + C)I)I/] 7T, ax }da

X7 XX aa (31)

0X 0X 0X
+ {_ (ﬂx - DXW)aPH - (ﬂxx - DXXW2 ﬁ + C, ﬂxxxﬁ + CM/‘xﬂxx ag}dg

+(Dy WX+ D, Jdw+ D, wdX =0

Substituting (25)-(30) in (31), solving fal7 and substituting the resulting equation
in (23) and (24), we obtain

dx = —%P/L({CM A +(m, - D,w)aP}da

_%GARPB{CM ﬂ-xxA + (”x - DXW)aP}de (32)

+%a)liP(Dxxwx+ D, )cho|w+%a/liPDxxwaPolS(~

& = = P (7, ~ D ocW)aPA + A, 1, = 71, = D, wlda
1

r O'P { ( xx - DXXWZ)GP/] + C/I” A (ﬂx - DXW)ﬂxx}dg (33)

+ % 77, (D WX + Dy, JaPdw+ % 77D, WaPdX

wherel = /];({(ﬂxx -D W2 )aP)’ -c,m, aP-c,, T }
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