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1 

Chapter 1: Introduction 

 

1. General Motivation 

The main goal of any enforcement policy is to make people comply with legislations. Without 

an effective enforcement policy any regulatory initiative can remain hollow phase with 

limited or no real impact (Cohen, 1999). This is in particular the case for environmental 

legislation which is sometimes perceived as being given limited attention by enforcement 

authorities: enforcement resources are scarce and enforcement of environmental legislation 

sometimes has to compete with enforcement of ‘more serious’ violations such as theft or 

murder.  

This is a problem because “national and international environmental regulation can be 

considered as the engine driving the environment industry” (OECD, 1996). This observation 

has been made in several industrial analyses of the environmental goods and services sector 

on a national level (OECD, 2007) and on an international level (see for example, Innovas 

Solutions 2009). Also, Sinclair-Desgagné (2008) finds that environmental policy in general 

and environmental regulatory requirement in specific have an important effect on the industry 

for environmental goods and services. Therefore, inaccurate enforcement of non-compliance 

with environmental regulation can have important detrimental effects, which come in two 

come out in two different forms. Firstly, demand for environmental goods is reduced to a 

level lower than in case of full compliance. Under the assumption that the regulatory 

framework is efficient, this is detrimental for social welfare. Secondly, in case of inaccurate 

enforcement non-compliance can give non-compliant firms a competitive edge in comparison 

to the firms that do invest in compliance measure. This competitive pressure can force 

compliant firms to reduce their efforts or to go out of business, further deteriorating the 

compliance rate. Thus, we conclude that a good environmental enforcement policy is very 

important in retaining demand for environmental goods and services. Moreover, it is also 

necessary to ensure healthy competition and a level playing field in the regulated industry.  

In this PhD thesis, we analyze the environmental enforcement process and use of a unique 

dataset of micro-level data to understand how enforcement decisions are made in practice. 

Our dataset consists of environmental enforcement cases brought before court and 

administrative enforcement agencies in Belgium. This micro-level dataset allows us to 
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analyze the relationship between environmental violation characteristics and the penalty 

imposed. This allows us to answer a number of questions on which relatively little empirical 

research exists to date, such as: 

 To which extent do judges take economic costs of penalties into account? This is 

relevant because most environmental violations are corporate cases, and economic 

costs of penalties could entail economic costs such as employment loss, for example. 

 Do judges at similar courts act similarly? Is there any tendency emerging from their 

decisions? Is there some benchmark practice that can be identified and used as an 

example for others? 

 How do judges tailor their penalties with respect to offender characteristics such as 

repeat offenders or intentionality of the offense? Are these factors taken into account 

of not? 

 How does enforcement practice at criminal courts (where judges make the penalty 

decisions) compare with that at environmental administrations? Given that 

environmental enforcement competences are shifted towards environmental 

administration in the European Union, this is a very relevant question. We compare 

enforcement practice for similar cases. 

 How do public prosecutors make their decisions in case of settlement? How high are 

the settlement amounts they propose? And how does this compare with public 

perception about what should be a reasonable amount to pay? Why can there be a 

difference? 

The basic aim of any enforcement policy is thus to give regulated agents incentives to comply 

with regulations. The main underlying reasons for this are twofold: 

 Ensuring a level playing field in which all market players can compete on equal 

footing: in case of incomplete compliance, the market agents that make the required 

effort to comply with regulations are put a competitive disadvantage in comparison to 

the actors that do not comply. This is generally perceived as unfair (Ehrlich, 1982) 

towards the actors that undertake the effort to comply and is also likely to lead to even 

lower compliance rates if the actors who comply have to go out of business due to the 

unfair competition.  

 The general improvement in social welfare provided by the regulatory framework. 

This is the case under the condition that introduction of the regulatory change is 

efficient. In our environmental law context, the main goal is to correct for external 
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environmental costs which are not accounted for in an unregulated market 

environment.  

 

1.1 Economics of compliance 

The question should be asked about how we can ensure that more individuals and/or firms 

comply with the law. What drives compliance decisions by firms and individuals? In its most 

basic form, the compliance decision by firms can be modelled as a simple cost-benefit 

analysis. The economic agents simply count the costs and benefits of both the compliance and 

the non-compliance options and compare them. This is the basic economic compliance 

decision framework as first explored by Becker (1968). In this simplified framework, 

improving compliance incentives can take two major routes. Either compliance costs are 

decreased or the probability of sanctions is increased.  

A first step towards making the compliance decision more realistic can be taken by 

accounting for the repeated interactions between regulated agents and the monitoring and 

enforcement agencies. In general, repeated interactions between the market agents and the 

inspection and enforcement agencies can significantly change the simple ‘Becker cost-

benefit’ compliance framework. In practice, previous offenders are often targeted for 

inspections and can also receive tougher penalization treatment if they are not in compliance. 

This is a theme that will be further elaborated in chapter 3 of this thesis. It is clear that 

economic agents have stronger compliance incentives in the setting of a repeat game with a 

regulatory enforcement agency. Harrington (1988) proposed a solution for the ‘Harrington 

paradox’: the apparent over-compliance with environmental regulations under a rational cost-

benefit calculation, given the often very low apprehension and sanctioning probabilities. He 

introduced a model that involves penalty escalation with tougher enforcement treatment for 

previous offenders. This makes it rational for agents to comply in the presence of very low 

penalties for first-time offenders.  

The approaches summarized above analyze compliance decisions in a rational decision 

framework. They treat violations of environmental law as conscious and deliberate acts by 

market agents, weighing the potential costs and benefits that these entities face
1
. Ehrlich 

(1996) considers this ‘market for offenses’ as operational under the following set of 

assumptions:  

                                                      
1
 This assumption is not implausible for the type of cases that we analyze, given that environmental offenses 

seem to be most likely motivated by motives of profitability and thus follow from rational calculus. 
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 rational optimizing behavior by market participants  

 expectation formation based on previously available information  

 a stable distribution of preferences over crime and safety from crime  

 an objective function which reflects maximization of social welfare  

 an equilibrium model of crime through which we can determine the optimal crime 

level. 

However, other, ‘non-rational’ elements may also be important for understanding compliance 

decisions. These decisions are in reality unlikely to be based on a strictly rational cost-benefit 

calculation. Many firms undertake the necessary investments to be compliant, even if this 

cannot be justified by a rational cost-benefit calculation. The insights of behavioral and 

experimental economics can be helpful here. Kahneman & Tversky (1979) discuss prospect 

theory and the related notion of loss aversion, which states that people’s utility functions 

exhibit reference points. This entails that, when facing risky prospects, potential losses hurt 

people more than gains might feel good. This gives people strong incentives to comply (with 

environmental law), because the potential of large penalties in case of non-compliance can 

significantly deter them even if the probability of receiving such penalties is fairly low. A 

somewhat related perspective is the existence of social norms, social preferences and positive 

reciprocity as shown in many economic experiments. Fehr (2002) was the first to explore the 

importance of these non-selfish motives on incentives and on cooperation decisions. Other 

arguments can be brought forward that can help to explain compliance decisions, such as the 

existence of social stigma in case of discovered non-compliance, the negative publicity that 

could entail from this for firms (and significantly affect their public image) and the possibility 

of benchmarking behavior using reference groups. In addition, imperfect compliance can also 

be interpreted from a sociological, criminological, political or demographic perspective. In 

these traditions violations or crimes are often considered as following from social and 

environmental external factors which are independent of human will. 

Even though there are many different elements that can affect compliance decisions, formal 

enforcement processes undeniably have an important impact on incentives to comply. Ayres 

& Braithwaite (1995) introduce the ‘enforcement pyramid’ to conceptualize the role of the 

formal enforcement process in a regulatory enforcement approach. The idea is that the large 

majority of regulated economic agents can be dealt with using a relatively soft approach, i.e. 

providing good information and warnings in cases of minor non-compliance. These agents 

generally have good intentions and make effort to be in compliance. A second, smaller group 
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of agents are ‘minor offenders’. They are non-compliant, but can be brought to compliance 

using relatively gentle enforcement instruments such as warnings or small penalties. It is only 

for the (often relatively small group) of major and intentional offenders that tougher 

enforcement instruments using severe penalties should be envisioned. It is because of these 

agents that a formal enforcement process is indispensable. Moreover, if insufficient 

enforcement action is undertaken, this group of intentional offenders may increase over time. 

 

In this PhD thesis, our focus is on analysing the formal enforcement process, involving the 

decisions made by enforcement actors such as judges, public prosecutors and administrative 

enforcement officials. We restrict our view of economic agents’ compliance decisions to the 

simple ‘Becker cost-benefit’ approach for simplicity’s sake and because the details of their 

decision-making are not the main focus of this thesis. We thus assume that economic agents 

make fully rational compliance decisions that depend only on their compliance costs and the 

probability of being penalized. As discussed previously, this may not be entirely realistic. But 

in the context of our analysis it has the benefit that we can include the reactions of the 

regulated agents depending on enforcement policy in a straightforward and simple way.  

In sum, the strictly Beckerian approach towards compliance decisions should not be 

interpreted as being contradictory to other approaches for studying imperfect compliance nor 

should it be seen as the only true model to explain this non-compliance. It should rather be 

considered as a complementary view that can answer part of the questions which cannot be 

addressed using other methodological tools (Ehrlich, 1996; Cohen, 1999; OECD, 2004).  

 

1.2 Review of environmental enforcement 

What are the main issues and challenges related to environmental enforcement? International 

comparison of environmental performance and effectiveness of policy instruments (OECD, 

2009), has led to the conclusion that there is a significant implementation gap between stated 

policy objectives and the goals that are actually achieved. As argued previously, an effective 

enforcement policy is a necessary backbone for attaining stated policy objectives. Large part 

of the regulated entities may comply voluntarily for different reasons. However, a certain part 

of the population of regulated firms may also choose deliberately not to comply.  

When one approaches the issue of monitoring and enforcement effectiveness, a couple of 

questions arise immediately (OECD, 2009): What is the appropriate level of compliance? Is it 

necessary, let alone possible to achieve full compliance? As argued by Ehrlich (1996), the 
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goal of enforcement policy should not be to eradicate all offenses, because this would be too 

costly for society. In contrast, imperfect compliance is a normal societal fact that is very 

difficult to eradicate completely. The government should aim to invest enforcement resources 

in order to achieve a tolerable crime level: the ‘socially optimal level of crime’. This is a 

matter of allocative efficiency: the right amount of resources should be spent on 

environmental enforcement. Another issue is the question of productive efficiency: for a 

certain amount of resources spent on enforcement, the aim should be to obtain the highest 

compliance rate possible. On the other hand, the need to reduce regulatory burdens on the 

economy becomes progressively more important in the global market system to maintain 

international competitiveness. Therefore, the regulatory framework should increasingly be 

‘smart’ such that it leads to required behavior without entailing unnecessary costs or 

administrative burden. 

The challenge is thus to optimize enforcement instruments in such a way that they induce a 

high level of compliance at a relatively little cost for the economy (both for government and 

firms)
2
. Relatively limited research which has been devoted to the effectiveness of compliance 

assurance instruments. This may reflect the relative lack of research on policy implementation 

in comparison with policy design (OECD, 2009). We hope to provide some useful insights 

with this thesis.  

 

Measures to promote compliance at a certain enforcement cost can be subdivided into three 

categories: compliance promotion, compliance monitoring and non-compliance response (= 

enforcement). The OECD (2009) conducted a comparative analysis of several environmental 

enforcement systems in order to identify good practices and challenges and enable 

benchmarking between different countries. They identified important national differences 

following from differences in culture and institutional framework. However, they also 

identified a couple of common trends and challenges. Firstly, they found an increased 

emphasis on strategic planning and performance assessment for environmental authorities in 

terms of obtaining compliance objectives. Related to this, targeting of compliance monitoring 

towards facilities or firms where the risks of non-compliance are the greatest, is also 

increasingly been used (BEST, 2006). This is in line with the observation by Gray & 

Shimshack (2011) that environmental agencies in industrialized countries are increasingly 

                                                      
2
 Another interesting issue to be analyzed is the political economy of the environmental enforcement process. 

Questions such as what is the optimal degree of independence in the enforcement process, what structures give 

scope for corruption, how does the influence of pressure groups affect this process, etc. may be interesting 

research topics. However, we do not deal with these issues here. 
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called upon to justify their compliance assurance programs. Increased targeting of inspections 

(towards previous offenders or agents have showed increased tendency to be in non-

compliance) is a common strategy employed at regulatory agencies to achieve higher 

compliance objectives with a given budget. This is also referred to as regulatory risk 

differentiation or the ‘responsive compliance model’. A second trend is the integration of the 

functions of environmental permitting and compliance monitoring (BEST, 2006). Related to 

this, there is also a move to increasingly involve enforcement authorities in policy design. A 

third trend that they identify is the modernization compliance assurance instruments, through 

increased use of ICT tools (OECD, 2001). Also, more frequently a cooperative approach is 

used to promote compliance, rather than using repressive measures (IMPEL, 2007). An 

example of this is the shift of monitoring responsibilities towards regulated entities away from 

enforcement bodies, such as seen in self-reporting schemes (with appropriate oversight 

remaining necessary). Also, regulatory increasingly attempt to improve the transparency of 

the enforcement procedure and make the information publically available (IMPEL, 2007). 

Finally, there is a shift towards ‘proportional treatment’ in choosing enforcement actions 

(Hampton, 2005), with higher use of administrative agencies deciding on penalization. This 

becomes relatively more prevalent in many Western European countries in comparison to the 

classic criminal procedures through courts. The OECD report (2009) also provided a couple 

of areas in which significant improvements can still be made. For instance, it is necessary to 

develop internationally comparable compliance indicators in order to assess compliance 

assurance programs and enable international benchmarking. Also, methods to appraise the 

human and financial requirements that have to be in place for achieving compliance 

objectives need to be developed. 

In our focus on decisions made within formal enforcement procedures, we provide insights on 

how administrative and criminal enforcement procedures function in practice. This can 

improve understanding on how to use these systems more efficiently and obtain higher 

compliance levels. Our analysis also allows comparing enforcement practice between 

different jurisdictions in Belgium and would allow for benchmarking with enforcement 

practice in other countries. 

The emergence of ‘new’, innovative enforcement strategies, such as voluntary, informational 

and cooperative compliance programs is discussed in a number of academic papers. Gray & 

Shimshack (2011) give an overview of empirical evidence on environmental monitoring and 

enforcement effectiveness. They argue that, even though a lot of emphasis is recently being 
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put on ‘alternative’ regulatory compliance strategies as promising new avenues, the papers 

that analyze their effectiveness generally yield mixed results. Innes & Sam (2008) conduct an 

empirical analysis of a voluntary compliance program and find that traditional and alternative 

monitoring and enforcement strategies seem to be complements rather than substitutes. This is 

in line with theoretical arguments raised by Livernois & McKenna (1999) and Maxwell et al. 

(2000). Livernois & McKenna (1999) argue that a surprisingly high compliance rate in 

combination with low expected penalties may be in line with theoretical predictions. This is 

the case if firms are required to self-report and are induced to do so by awarding sufficiently 

low penalties for self-reported violations in comparison with detected ones. However, some 

formal inspection activity is still necessary to ensure truthful self-reports. Maxwell et al. 

(2000) argue that industries may strategically self-regulate in order to preempt regulatory 

action by the government. Without any government regulatory threat, firms may not self-

regulate in the first place. The authors provide empirical evidence on voluntary programs in 

the context of toxic chemicals release in order to corroborate their claim. We thus conclude 

that the academic literature on environmental enforcement welcomes ‘new’ monitoring and 

compliance approaches (such as voluntary or information compliance promotion schemes). 

But at the same time it is argued that traditional enforcement programs retain an important 

function in compliance assurance. 

 

2. Structure of this thesis 

This thesis consists of four main chapters. In each chapter, we analyze one component of the 

environmental enforcement process. We first describe the chapters in short. Then, we focus 

on the data that we use in the empirical fragments to corroborate our analysis. 

 

In chapter 2, entitled ‘Judges’ objectives’, we analyze judicial enforcement objectives as a 

mix of law compliance maximization and social (=economic) welfare concerns. In a small 

theoretical model, we analyze how and why optimal penalties are not always maximal even 

under a rationality-based optimization framework. We proceed by testing how the 

implications of our theoretical model align with real-world practice cases using a unique 

dataset of environmental enforcement cases in the Flemish region. We find that economic 

costs of penalties are taken into account by judges when deciding on which punishment they 

should impose. However, the extent to which they take these effects into account varies 

among different jurisdictions.  
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In chapter 3, entitled ‘Treatment of repeat and intentional offenders’, we propose a model to 

explain why repeat offenders could be given higher penalties. The explanation we provide is 

that repeat offenses can be used as a signal to learn about unobservable precautionary effort.. 

In our empirical analysis, we find that penalties are consistently higher for repeat offenders, 

whereas the intentionality effect is less clear. We argue that ‘repeat offenses’ is a more 

objective and therefore easier punishment criterion for judges to use than the use of the more 

subjective intent.  

In chapter 4, entitled ‘Use of matching to evaluate environmental law enforcement’, we 

measure relative treatment differences between administrative and criminal penalization 

practice for environmental violations. Our aim is to make a comparison between similar 

offenses and evaluate how they would have been treated in both enforcement tracks. This 

paper can help to evaluate the compliance and welfare outcomes in a complementary 

criminal/administrative enforcement system with an enforcement system relying on criminal 

prosecution only. There are discussions going on at European as well as national level on 

which is the most appropriate environmental enforcement system. This makes our research 

question quite relevant. A typical complication for evaluating legal treatment using 

observational data is selection bias. It would be too simple to infer treatment differences from 

observed differences in outcomes because these may simply be driven by the fact that the 

researcher is comparing different types of cases. We apply statistical matching techniques to 

control for sample selection bias and approximate the setup of a randomized experiment. 

Overall, we find that the marginal penalty is slightly lower in administrative enforcement 

compared to criminal enforcement, but that this difference would be widely overestimated 

without the matching procedure. Our methodology can be more generally applicable than the 

environmental law context that we use: it can help to control for caseload difference, which is 

a typical problem in law enforcement evaluation, and allow for correct causal inferences in a 

wide variety of law enforcement evaluation settings.  

In chapter 5, entitled ‘Public prosecutors’, we show how resource constraints can be 

important drivers for enforcement outcomes. We provide a systemic view on the enforcement 

process and use a model to illustrate how settlement demands can be affected by prosecution 

resource constraints, even if settlements are assumed to be costless. We also test our model in 

an empirical application using waste fraud enforcement cases. More specifically, we test how 

settlement demands react to shifting enforcement competences in environmental law 

enforcement. The empirical results are in line with our view that settlement demands should 
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be considered as a systemic outcome of the enforcement process, rather than as the simple 

reflection of a prosecutor’s preferences. As a consequence, we expect that proposals which 

are under consideration to impose legal constraints on allowable settlement demands will only 

lead to superficial effects. If one wants to address the issue of under-deterrence because of 

low settlements, one should rather focus on increasing the available prosecution resources. 

 

2.1 Modeling approach 

As argued previously, we model compliance decisions in a relatively straightforward way. 

Regulated agents simply weigh costs and benefits of investing in compliance in rational way 

and behave accordingly. The emphasis of the modelling framework is thus on the 

enforcement agents (judges, administrative fining agents and public prosecutors). They make 

enforcement decisions based on characteristics of both the offender and the offense. However, 

there may also be a lot of hidden information which is difficult to retrieve. For example, the 

precautionary effort taken by firms can be partly unobservable or the propensity to accept a 

settlement can be significantly different between defendants.  

We provide a brief overview of the modelling approaches used in different chapters. Let us 

start by defining some formal notation used throughout this thesis: 

 D  equals the environmental damage caused in case of non-compliance 

 S  equals the size of the sanction imposed in case of non-compliance 

 C  represents the punishment costs and depends on S  

 A  characterizes the abatement costs associated with lower emissions or taking of 

precautionary measures to limit environmental risks 

 X  characterizes the emissions of some pollutant in excess of the regulatory required 

amount and depends on the compliance incentives given through S  

 P symbolizes the settlement proposals of a public prosecutor towards a defendant 

 

In chapter 2, we limit the information asymmetry between the defendant and the enforcement 

agent; in this case a judge. The emphasis is on the trade-off between compliance incentives 

and economic costs of penalties. This is characterized through the following judicial objective 

function: 
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s

Min D X s C S X s A X s  
 

 

In this representation,   describes the way the trade-off is made and the penalty parameter s  

characterizes the punishment policy (from severe to lenient). There is no information 

asymmetry in this model. 

In chapter 3, we introduce heterogeneity in the way the agents react to the compliance 

incentives given by the judge:  iX s . Given partly unobservable precautionary effort, 

enforcement officials deduce information about the agents’ types through their previous 

compliance history. The objective function can now be written as: 

        ˆ ˆ Pr Pr
S

Min S D S C S       

In this formulation, ̂  characterizes the unobserved compliance rate among regulated agents. 

Chapter 4 is largely devoted to the development of the empirical analysis with little or no 

modeling involved. 

In chapter 5, we address decision making by the public prosecutor. He has the choice between 

proposing a settlement P  to a (guilty) defendant, or taking the case to trial. If he chooses the 

latter, he has to invest resources to obtain a conviction. The ex-ante expected penalty equals 

his available effort a  times the sanction S . His objective function can be represented as: 

      nX 1
P

Max P P P aS      

In this formulation, n symbolizes the number of incoming cases and X the probability of guilt 

based on a signal before a thorough court investigation has taken place. 

 

2.2 The dataset 

Much of the research novelty of this thesis comes from the empirical applications in which we 

provide a detailed picture of how the enforcement decisions are made by judges and 

enforcement officials in practice. Only little research has previously been undertaken on the 

topic of environmental enforcement, in particular in the context of civil law (the continental 

European law tradition). While data on environmental enforcement is more widely available 

in the US (from the US EPA and others) only limited empirical research attention has been 

devoted to this topic in Europe. Almer & Goeschl (2009) provide a general overview of 

environmental enforcement in Germany from policing to monitoring and sanctioning. They 
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connect several datasets to reach that end. However, they use macro-level data on case counts 

while we have the benefit of being able to use micro-level data. The dataset that we use 

originates from an interdisciplinary IWT-SBO research project between lawyers and 

economists. Our dataset is richer in the sense that we have information on individual case 

characteristics. This allows us to observe the differential effect that many factors have on 

environmental enforcement decisions. The dataset is described in detail in Billiet et al. (2009) 

and also in Blondiau & Rousseau (2010). 

Our dataset documents the enforcement of environmental law violations in Belgium in the 

period 2003-2007. This dataset is basically a collection of environmental enforcement cases 

that have been treated at courts and environmental administrations in Belgium. The outcomes 

of the cases are registered and are the dependent variable throughout most of the empirical 

models in this thesis. The explanatory variables are individual case characteristics such as 

type of offender and type of offense. This allows us to make the link between the 

characteristics of a violation and its outcome in terms of penalty imposed. Environmental 

enforcement can take the form of criminal enforcement procedures with a judge deciding on 

sanctions in court. We have data on penalties imposed by the Courts of First Instance in seven 

judicial districts of the Flemish region in Belgium. In total, we dispose of 1313 first instance 

judgments being made between 2003 and 2006. Since 2001 it is also possible for 

administrative bodies in the region of Brussels to impose administrative fines for 

environmental law offenses. We dispose of 610 fining decisions by the Brussels 

Environmental Agency that were imposed between 2004 and 2006. It is only possible to 

impose administrative fines in the Flemish region since 2009; so we do not have 

administrative decisions for Flanders in our dataset. 

Several subdivisions can be made in the dataset. Firstly, there are two types of enforcement 

procedures in Belgium at the time that our dataset was collected, namely criminal and 

administrative enforcement. The administrative enforcement procedure was only available for 

cases treated in ‘Brussels capital region’. Many environmental violations are not taken to 

court because they are not serious enough to merit prosecution or to waste scarce prosecution 

resources. Therefore, the cases that are represented in our dataset are be considered as 

‘relatively serious’ by enforcement authorities in Belgium. The minor offenses are 

automatically dismissed before any enforcement actions are taken, and will thus not be 

represented in the dataset. Given limited prosecution resources, there has been a recent shift in 

Belgium away from enforcement through the criminal track towards higher use of 

administrative enforcement. At the time that our dataset was collected, enforcement by 
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administrative agencies was only possible in ‘Brussels capital region’. Now, administrative 

enforcement is possible in all regions in Belgium. Still, we expect to find the most serious 

violations among the criminal cases and the somewhat less important cases in administrative 

enforcement. 

Secondly, there are cases against both natural persons (individuals) and legal bodies (firms) 

included in our dataset. The fact that environmental actions are taken against firms and 

individuals employed at those firms (in particular in criminal enforcement) can somewhat 

complicate our analysis. However, it should be stressed that major enforcement actions in the 

context of environmental enforcement in Belgium are most often directed at firms. Therefore, 

we believe that comparing enforcement treatment of firms can be most enlightening in our 

empirical analyses. 

Thirdly, other distinctions can be made between different enforcement cases, in particular 

with respect to the type of environmental contamination that they are dealing with. There are 

many cases dealing with waste fraud and noise nuisance in our dataset. There are also others 

dealing with soil contamination, air pollution and/or (surface or ground-) water 

contamination. We will most often control for this difference in caseload by including 

explanatory dummy variables in our empirical regression models. 

In the first three chapters of this thesis, we use some version of the dataset described here, to 

document and test the findings of our theoretical derivations. We do impose different 

restrictions in different chapters, such that the actual dataset used is never the same. In 

chapter 2, we restrict our focus to the caseload from criminal enforcement to analyze judicial 

decision-making. We also restrict the dataset that we use to the firm cases, because of our 

emphasis on uncovering the effects of economic importance of firms (measured through 

employment). In chapter 3, we provide the most general overview. We include firms and 

individuals, as well as criminal and administrative enforcement. The aim is to focus on 

offender characteristics such as repeat offenders or intentionality. This comparison can be 

interesting both for individuals and for firms. We also include criminal and administrative 

cases without aiming for an explicit comparison between both.  In chapter 4, we restrict our 

focus on firms but include both criminal and administrative cases because our aim is to make 

an explicit comparison of treatment differences between both enforcement tracks. In chapter 

5, we use a different dataset which is more macro-level and gives less detailed information. 

The goal here is more to serve as an illustration, rather than as a detailed empirical analysis. 

This dataset is described in more detail in chapter 5. 



14 

 

Table 1: Overview of the sections of the IWT-SBO dataset  

that we use in different chapters 

 
 Criminal enforcement Administrative enforcement 

Firms Chapter 2 

Chapter 3 

Chapter 4 

Chapter 3 

Chapter 4 

 

Individuals Chapter 3 Chapter 3 

 

A general overview of the parts of the IWT-SBO dataset that we use in each chapter is 

provided in Table 1. 
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Chapter 2: Judges’ objectives 

1. Introduction 

1.1 Motivation  

The theory of regulatory enforcement lies at the crossroads of two disciplines: law and 

economics. Judicial policy lines are not always fully aligned with the economic approach 

towards optimal regulation enforcement. In our opinion, the reason for this is the fact that 

objective functions are different. On the one hand, in the economic approach the principal 

goal is (economic) welfare maximization. Economists argue that use of all scarce resources 

should be included in the objective function of the policy maker; see for example Ehrlich 

(1996) or Polinsky & Shavell (2000). This entails that society’s objective should not to be to 

free itself from all crime, but rather to achieve some ‘optimal crime level’ in which the 

marginal benefits from additional crime reduction equal its marginal costs (Anderson, 1999). 

In the optimal law enforcement model of Polinsky & Shavell (2000) social and private cost of 

law enforcement are taken into account. This means that all economic costs of sanctions, such 

as transaction costs for collection of monetary penalties for example, are part of an economic 

welfare cost-benefit analysis.  

On the other hand, the function of law enforcement officials is mainly to make society comply 

with law and several types of regulations. Their main goal for imposing penalties is to give 

people incentives to comply with the law, through the deterrence effect that enforcement 

actions bring about. It would be inaccurate, however, to state that legal scholars disregard the 

fact that sanctions can be costly to society. The 'proportionality principle' and the 'necessity 

criterion' state that sanctions should be such that the economic costs for society are ‘in 

proportion’ to the seriousness of the committed violations as well as necessary to achieve the 

enforcement goal. At a European level, these principles are included among the legal criteria 

reflected in the principle of Community loyalty in Article 10 of the EU Treaty, from which 

the enforcement obligation of the member states derives (Meeus 2007). Still, the question of 

how the trade-off between deterrence and the economic cost of penalties is made in practice 

has been given relatively limited research attention.  
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In this paper, we make a first attempt at investigating how the trade-off between 

environmental and economic benefits affects judges’ decisions in court. We develop a flexible 

judicial objective function that can reflect this trade-off: minimization of environmental 

damages only, or alternatively minimization of all welfare costs, including both 

environmental damages and economic costs of sanctions. We do this in the same way as 

Keeler (1995), who analyzed the role of objectives in explaining the behavior of an 

environmental agency. He states that achieving compliance is a primary goal of the 

environmental regulator and that compliance costs to firms are only taken into account as a 

secondary concern. Our analysis focuses on judicial behavior in a civil law system, but we 

find that objectives may generally be described in a similar way: the primary focus is on 

achieving regulation compliance and a secondary goal is to achieve the compliance at the 

lowest possible compliance cost. We will analyze whether and how the internalization of 

economic penalty costs lead to a difference in the sanctioning practice. This remains to be 

seen, since a judge can also negatively influence the number of occurring violations by 

imposing stricter penalties. This would make the necessary imposition of costly penalties 

occur less often and lead to lower aggregate penalty costs. However, Kaplow (1990) finds that 

an internal (non-maximal) penalty may still be optimal under certain conditions. We will 

apply his general framework in the context of environmental enforcement. 

1.2 Related literature 

Imperfect compliance has been a debated topic over the last decades. The framework for the 

economic analysis of law breaking behavior was developed by Becker (1968). He considered 

law-breaking fines as equivalent for a firm to any other cost of doing business. Further, he 

concluded that fines have several advantages over other types of sanctions, since they require 

fewer productive resources and are therefore less costly to society. The economic literature on 

judicial decision making has been scarce for a long time. As mentioned by Posner (1993), this 

followed from the fact that the judicial system is designed to remove economic incentives 

from judges’ behavior. Thus, the strategic issues involved could impair judicial objectivity. 

Posner (1993) was the first to state that behavior of judges can be examined using a 

rationality-based framework, similar to analyzing the behavior of “ordinary people”.  

Since then, a large body of theoretical research has been developed to understand judicial 

behavior at a trial. A lot of research effort has been devoted towards the issue of judicial 

independence and the possible influence of his political background on adjudications in trial. 
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Ashenfelter et al. (1995) find no effect of political background, unless a small effect in close 

cases. Salzberger & Fenn (1999) also find only moderate (long-term) effects of political 

influence in the judicial process through the choice of which judge to appoint. Hanssen (2004) 

focuses on the interaction between judicial independence and the possibility of judicial review. 

Ramseyer & Rasmusen (2006) argue that a system of ‘managed judges’ with very little 

judicial independence can be advantageous in the sense that it provides uniform and highly 

predictable legal standards. This reduction in uncertainty allows potential litigants to settle 

their disputes out of court. It also creates less need for lawyers to discover and argue the law 

thereby highly reducing transaction costs. Much more literature on this topic exists, but it is 

not our aim to give a comprehensive overview here. 

On a slightly different but related topic, Rasmusen (1993) and Levy (2003) developed models 

to investigate the importance of respecting judicial precedent in achieving legitimacy and in 

explaining judges’ behavior. It is not clear how the results concerning e.g. the importance of 

judicial precedence carry over to our civil law context. Fon & Parisi (2006) argue that judicial 

precedent can be an important component of judicial decision making in civil law countries. 

Its influence depends on the requirement for consistency with previous case law. When judges 

have broad discretionary freedom, the rule of precedence becomes virtually unimportant. As a 

case in point, judges have this type of discretionary freedom when deciding on the type and 

level of sanctions in criminal cases in Belgium (Monsieurs et al., 2009). They surveyed 

Belgian judges and find that the influence of judicial precedent is indeed very limited for 

Belgian courts. Judges state that only sometimes (54%) or rarely (24%) they take decisions by 

fellow judges into account when making penalty decisions. This is the reason why we 

disregard the rule of precedence in our analysis.  

Belova & Gregory (2009) analyze why a dictatorship generally has stronger law enforcement 

with harsher punishments than a democratic society. They show that this follows from the fact 

that neither social costs of punishments, nor private disutility of penalties are internalized in a 

dictatorship; whereas they are in a democracy. The framework of this paper is similar to theirs, 

namely we distinguish between benefits and social costs of punishments and apply this to the 

context of environmental enforcement. 



18 

On the topic of environmental policy enforcement specifically, many papers have also been 

written
3
. Previous empirical studies have mainly focused on administrative sanctions through 

a regulatory agency (see, e.g. Nyborg & Telle 2006, Eckert 2004, Earnhart 1997 and Helland 

2001), while the number of empirical studies on criminal sanctions is much more limited. An 

example in the common law tradition is Miller (2005), who analyzes the probability of 

recidivism and the relative effectiveness of criminal, civil and administrative penalties in 

preventing it. Almer & Goeschl (2011) conduct an empirical analysis of the entire 

environmental enforcement system in Germany, analyzing different stages of the process: 

police, prosecutors and judges. Our paper is similar to Rousseau & Billiet (2005) who analyze 

the fines imposed at trial in the civil law tradition, namely by the Court of Appeal in Ghent 

between 1990 and 2000. They determined the influence of offense and offender 

characteristics on the level of the penalty imposed for environmental offenses. However, our 

analysis is more detailed in the sense that we include additional explanatory variables. Also 

our dataset spans multiple years and different jurisdictions, which allows us to make some 

relative regional comparisons.  

1.3 Our approach 

We draw a general distinction between two types of sanctions: monetary and non-monetary 

sanctions. The monetary component of the penalty consists of a fine, plus the possible 

imposition of forfeiture of illegal gains. Monetary penalties are generally thought to be the 

least costly enforcement instrument in terms of economic welfare (Becker 1968). However, 

more expensive non-monetary sanctions may provide additional benefits; for example 

imprisonment of persons or closure of firms makes recidivism (temporarily) impossible. We 

model the implementation costs of monetary penalties as increasing linearly, whereas costs of 

non-monetary penalties are discrete (either imposed or not) but always larger than for 

monetary sanctions. The linear increase for the monetary penalties follows from: higher 

collection costs for the government, liquidity constraints for the convicted persons and a 

higher probability of additional litigation procedures.  

In section 2, we develop a theoretical model to show how the judicial penalty strategy 

depends on a judge’s preferences with regard to environmental compliance and economic 

                                                      
3
 For a general overview of the literature on imperfect compliance in environmental economics, we refer to 

Cohen (1999). An overview of previous empirical studies on the enforcement of environmental regulations is 

discussed in Rousseau (2009). Also, Shimshack & Ward (2011) give a good overview of environmental 

monitoring and enforcement effectiveness. 
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sanctioning costs. Next, in section 0, we conduct an empirical analysis to test the theoretical 

insights in practice, using data on trial cases for environmental violations in a number of legal 

districts in Flanders, Belgium. Section 4 concludes.  

2 The model 

First we discuss the setup and the assumptions behind the model. Next, we address firms' 

compliance behavior and judges’ sanctioning decisions. 

2.1 Assumptions 

Our static model studies the firm and judicial behavior, while taking the agency's behavior as 

given. An exogenously given environmental standard X  is in place in order to limit firm 

emissions to X. For simplicity, let us normalize 0X  and assume that all emissions are 

forbidden. Emission levels can only be positive, thus X  . 

Emissions are related to firm activity levels; however, firms can use abatement technology in 

order to emit less
4
. The abatement costs associated with reducing the level of emissions to X 

are denoted by  A X , with  ' 0A X   and  '' 0A X  . Let us parameterize this by: 

   2A X X X     . 

The level of environmental damage caused by these emissions equals  D X  

with   0D X  ,  '' 0D X   and  0 0D  . We write formally: 

   2D X X X   . 

Further, we assume perfect information in the sense that the judges are informed about the 

firm’s reaction to the chosen penalty and about the damage function of emissions. The agency 

monitors the standard and inspects the firm with a certain probability P. Since we focus on the 

sanctioning decision made by the judge, the environmental standard and the inspection rate 

are exogenously given.  

                                                      
4
 In the paper we model a representative firm and a representative judge.  
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If the firm is inspected and found to violate the standard, it is brought to court. Thus, we 

assume that the inspection probability is equal to the prosecution probability and disregard the 

possibility of measurement and judicial errors. The judge decides on his sanctioning strategy 

depending on the extent of the violation. Hence, we define a linear penalty function (in line 

with Arguedas 2008, Rousseau & Proost 2005, 2009) which is increasing in the extent of the 

violation X : 

  0

       0 0

S X sX for X

for X

 

 
. 

The variable s  is the judge’s decision variable and represents the slope of the penalty 

function as  ' 0S X s   (while  " 0S X  ). Here, we define S as the monetary equivalent 

of the penalty imposed and argue that for each nonmonetary sanction a monetary equivalent 

can be found which provides firms with the same compliance incentives. For example, if the 

wealth of the firm (defined as the discounted value of all future incoming cash flows) equals 

W, we can represent issuing a warning by 0S   and imposing permanent firm closure 

by S W . The main difference between monetary and nonmonetary penalties can be 

interpreted as the nonmonetary sanction entailing significantly larger social costs of imposing 

the penalty than a fine (see infra). In the context of the example just given: imposing a fine of 

size W could be represented as a transfer from the convicted to the government. This would 

lead to a social loss of zero. In contrast, closure of the firm would lead to an equal private loss 

of W , without any government benefit. The social loss is then equal toW . 

Let us define the function   C S X  which represents the economic costs caused by the 

penalty imposed. In contrast to the simplifying assumption often made in the literature that 

fines are socially costless as they are a mere transfer (a.o. Polinksy & Shavell, 2000), we 

model monetary penalties as entailing a certain social cost which is proportional to the size of 

the penalty. These costs are caused by private and social costs: the burden imposed on firms 

and the enforcement costs for the government. These costs may be caused by additional 

litigation procedures, collection costs for the government, liquidity constraints for firms that 

have to pay the fine etc. These elements are all expected to increase with the level of the fine. 

Therefore, we specify penalty costs as a linearly increasing function of penalty levels, in line 

with the approach of Kaplow (1990), such that    0C S X   and    0C S X  . Formally, 

we write: 
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     C S X S X . 

Notice, however, that we still assume that nonmonetary penalties are socially more costly 

than fines, such that:  FINE NON MON  . 

2.2 Firm and judicial behavior 

The model is solved using backward induction in a sequential “Stackelberg” approach. Judges 

are perfectly informed about how firms will react to their chosen penalty strategy. Thus the 

optimal judicial sanctioning strategy takes the reaction function of firms into account. 

Therefore, we first determine the firm’s reaction functions, before turning attention to judicial 

behavior.  

2.2.1 Firm behavior 

A risk-neutral firm decides on the level of emissions X in order to minimize the sum of 

abatement costs plus the expected penalty. For a violator, the expected penalty equals the 

inspection probability P times the penalty  S X . Thus the firm’s objective function is: 

    
X

MIN A X P S X   

For an interior solution, the first order condition shows that the firm's optimal level of 

emissions balances marginal abatement costs with marginal penalty costs:  
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Because we know that s  and  X s  must always be positive, we find that 0,
2

X




 
 
 

. 

Establishing 0X   can be obtained by choosing any s
P


 . In sum, the firm’s reaction 

function can be described by the following equations: 
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2.2.2 Judicial behavior 

Let us now specify the judge's objectives when penalizing violators of the environmental 

standard. Rousseau (2009) discusses three distinct objective functions
5
 for the enforcing 

authority: i) economic welfare maximization, ii) deterrence maximization and iii) providing 

justice. Firstly, economic welfare maximization implies that the regulator balances 

compliance costs with environmental damages, which means that penalties are based on the 

extent of harm caused by the offense (Polinsky and Shavell, 1994). This leads to socially 

optimal deterrence since only those offenses for which the expected harm (= expected 

penalty) is more important than the expected benefit are deterred. This ‘conditional 

deterrence’ of forbidden activities (Fischel & Sykes, 1996; Cohen, 2001) can occur for all 

activities which produce social benefit besides the social costs that they entail. A typical 

example of such an activity is our case of environmental regulation, because it is meant to 

regulate environmental external costs. However, these external costs are typically side-effects 

of economic activities which are beneficial for social welfare
6
. Secondly, maximizing 

deterrence implies that the costs associated with violating the rules should always be larger 

than the cost of compliance. In this approach, penalties can be based on the gains that a 

regulation offender extract from committing the offense, since then no offender would have 

an incentive to break the law and perfect compliance would result. Finally, an additional 

objective of punishment has been to provide justice. Justice has been approached in many 

different ways such as procedural justice, retributive justice and restorative justice.
7
  

Rousseau (2009) concludes that the currently available empirical studies looking at the 

determinants of the fines imposed for environmental offenses are inadequate to capture the 

objectives of judges and administrations with a sufficient level of confidence. Still, some 

general trends emerge: fines increase with the harm caused by the offense, for repeat 

                                                      
5
 Firestone (2003) also examines these and other regulatory objectives for environmental enforcement. 

6
 This is in contrast with activities which are to be unconditionally deterred, such as rape or murder for instance, 

for which it is difficult to see any social benefits if these activities would be allowed. 
7
 Procedural justice incorporates a theory of procedural fairness for civil dispute resolution (see Solum, 2004). 

The concept of retributive justice is based on the principle "Let the punishment fit the crime" such that the 

severity of the penalty for a violation should be reasonable and proportional to the severity of the infraction (see 

Zaibert, 2006). Restorative justice, on the other hand, is concerned with making the victim whole and 

reintegrating the offender into society (see Braithwaite, 2002). 
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offenders as well as for intentional offenses. Thus, previous studies show that providing 

justice is a major concern, whereas possible effects on economic welfare are also important, 

as well as an aversion to wrongfully convict defendants. 

In Flanders the judicial objectives are formally described by Van den Wyngaert (2006). He 

states that the principal objectives for a judge when penalizing violators are to protect society 

from harm, to show that society disapproves of certain acts and to foster recovery from the 

harm done. In the context of environmental offenses, these elements are mainly related to 

reducing environmental harm and thus with maximizing deterrence and providing justice. 

However, Van den Wyngaert (2006) also states that judges should bear in mind that harmful 

consequences of sanctions should be limited. In addition, punishments should be in proportion 

to damages caused by offenses and the interests of all parties involved should be respected. 

These requirements imply that economic costs of sanctions are considered. We conclude that, 

while to primary role of a judge is to deter regulation offenders and to show that society 

disapproves certain acts, a secondary concern for judges is to limit the economic costs 

inflicted through sanctioning. 

Thus, we specify a parameter  0,1  which reflects the extent to which a judge takes the 

economic costs of sanctions into account. We study judicial objectives for two extreme cases: 

 = 1  and 0  , and draw conclusions about the effect of changing the parameter Ψ. If 

 = 1 , the judge behaves like a perfect social welfare maximizer, taking all costs to all 

parties into account. If 0  , the judge maximizes deterrence while ignoring the component 

that represents economic costs of sanctions. Actual judicial behavior is then expected to fall in 

between these two extremes. 

The judicial objective function consists of three terms. A first term represents the 

environmental damages of emissions exceeding the standard 0X  . The judge can bring the 

emissions in line with the environmental standard by choosing his marginal penalty s . 

Changing s  affects emission levels because of the firm’s reaction function  X s . The 

channel through which this works in practice are specific deterrence (a firm emits less 

because it undergoes penalties itself) and general deterrence (a firm emits less because it 

observes that other firms are penalized). This is in line with empirical findings for 

environmental enforcement (Shimshack & Ward, 2011). A second component is the 

economic costs of a sanction. These costs increase linearly with the total penalty. Choosing a 
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tougher marginal penalty s  leads to higher social cost of penalty for this offense. However, it 

also gives firms higher compliance incentives making the imposition of tough penalties less 

necessary in the future. A third term is the additional compliance cost, when the firm is forced 

to reduce emissions up to a level 0X  . The parameter Ψ represents the extent to which the 

judge takes the second and third component into account. The judge’s decision variable is s  

and he maximizes his objective function subject to the firm's reaction function. Hence, his 

objective function is
8
: 

          
s

MIN D X s C S X s A X s  
 

 

Next, we look at extreme cases for the parameter   by setting this parameter equal to 0 or 1. 

This analysis is useful as a benchmark.  

Case a: 1   

In this scenario, the judge's objective function includes all welfare costs associated with 

environmental violations and imposing sanctions. Including the firm’s reaction function 

through  X s , the judge’s objective function becomes: 

         
s

MIN D X s C sX s A X s   

When we plug in all expressions defined above, this equation becomes: 
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Deriving the first order condition, we find the following interior optimum:  
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8
 Note that we take the level of monitoring effort as given, so monitoring activities are not included in the 

judicial objective function. 
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We should check first whether we found an interior minimum. We can determine this by 

looking at the second order derivative. We find that the following condition needs to be 

fulfilled for an interior minimum: 

   1
2 2

P P 
  

 

 
    

 
. 

Thus, when the marginal social cost of sanctioning is not too large (relative to penalty 

probability P ), we find an interior optimum for the penalty that minimizes aggregate 

enforcement costs. For example, if    the condition for an interior minimum is that the 

marginal social per-unit penalty cost is smaller than the punishment probability. This is in line 

with a general result by Kaplow (1990). He states that an interior social optimum exists for 

penalties if social penalty costs are relatively small. He also argues that such an interior 

optimum is more likely for monetary than for nonmonetary penalties. 

When we derived firm behavior, we showed that choosing s
P


  does not have any effect on 

emission levels any more. Therefore, we take MAXs
P


  as the toughest penalty strategy that a 

rationale judge will choose: increasing s  above MAXs  only leads to higher penalty costs for 

this violation without giving firms any additional emission reduction incentive. We therefore 

should check whether the interior optimum that we found is such that INT MAXs s . This is 

indeed the case as long as: 

 1P





 
  

 
. 

From this expression, we learn that an interior optimum for the optimal penalty can only exist 

when the marginal abatement cost exceeds the marginal cost of environmental damages at

0X  . If this is not the case, it is always optimal to choose the maximal marginal penalty 

MAXs  that will lead to zero emission levels. 

If the above conditions are not fulfilled, for instance because   is relatively high for 

nonmonetary penalties, we need to look at corner solutions to find the optimal marginal 
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penalty. We calculate and compare the social costs of choosing maximum penalties MAXs  

relative to minimum penalties 0MINs  : 

    
2

0        if      MIN MAXJudObj s JudObj s
  

 


    

When we look at the inequality condition, we find it relatively implausible that the condition 

would not be fulfilled. Moreover, if   , the maximum penalty is always optimal. We 

conclude that imposing the maximal penalty MAXs  is likely to be optimal if sanctions are 

socially costly, such as nonmonetary penalties. 

We conclude: 

 

 

 
 

 

*

1

*

1

     if     &   1
2 2

2
                                if     &  

2

                                                         or  

INT

MAX

P P P
s s P

P P P

P
s s

P

     
   

    

   
  

  





   
      

   


    

 

 *

1

  &   1
2

2
0                                  if     &  

2

                                                         

MIN

P
P

P
s s


   

 

  
  

  


 
    

 


    

 

Case b: 0   

The judge's objective function simplifies considerably when 0   and becomes: 

  
s

MIN D X s . 

We find that the optimal marginal penalty s  needs to fulfill the following equation in case of 

an interior optimum:  

INTs
P

 




 . 

It is straightforward to show that the second order derivative is always positive. Thus we have 

found a minimum. However, it is clear that INT MAXs s
P


  . The rational judge can choose 
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any marginal penalty s  equal to or higher than the maximum MAXs  in this case, because he 

does not care about additional sanctioning costs. However, we assume that he finds it 

sufficient to choose MAXs
P


 . 

We conclude: 

 
*

0 MAXs s
P


   . 

2.3 Summary of the theoretical analysis 

The theoretical derivation allows us to formulate testable hypotheses for the empirical 

analysis. We derive comparative statics with respect to two key variables: the marginal social 

cost of penalties   and the extent to which costs of penalties as well as firm abatement costs 

are taken into account in judicial decision making Ψ. Our theoretical results are summarized 

in Table 2. 

Table 2: Results of theoretical derivation with respect to parameters ε and Ψ 

 ε low ε high 

Ψ = 1 
INTs  MAXs  

Ψ = 0 
MAXs  

MAXs  

 

From this table, we derive the following testable hypotheses for our empirical analysis. 

Hypothesis 1: If social costs of penalties are relatively low, which is more likely to be the case 

for monetary penalties, a rational judge is more lenient if he takes all welfare costs of his 

penalty decisions into account relative to a situation in which he only cares about regulation 

compliance.  

If ε is relatively low, we expect penalties to increase from INTs  to MAXs  as Ψ increases from 

zero to one. We can also derive a second testable hypothesis. 
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Hypothesis 2: If social costs of penalties are relatively high, which is more likely to be the 

case for nonmonetary penalties, a rational judge is tough in his sanctioning strategy 

irrespective of whether he takes costs of penalties into account or not. 

In the situation of high ε, we do not expect to observe any effect of increasing Ψ on the 

stringency of penalties imposed. 

 

3 Empirical analysis 

In this section, our aim is to test whether judges take the socio-economic costs of penalties 

into account, as recommended by the precautionary principle. We start by analyzing the 

drivers for imposing the non-monetary sanction of firm closure. We test the relevance of the 

precautionary principle by investigating whether economic factors influence this decision. We 

further test the validity of our theoretical hypotheses by investigating the factors that 

influence the severity of the monetary penalties in practice. As argued in our theoretical 

derivation, monetary penalties can be interpreted as ‘low  cases’. Therefore, if our 

theoretical hypotheses are correct, we expect to see different penalization strategies for 

monetary penalties, depending on the court’s value of  . 

We first describe the dataset that we use in detail. Next, we discuss the estimation method and 

the results that we expect. Finally, we give an overview of the results and discuss their 

implications. 

3.1 Data 

From the general dataset that has been described in chapter 1, we select the defendants of the 

first instance trial cases where the defendant was a legal body (= a firm). The reason for this 

restriction is that need data on firm closures to analyze the application of the precautionary 

principle in our context. Since we want to analyze how judges exercise their discretionary 

decision power, we also exclude all acquittals from our analysis. These should be discarded 

from our dataset because the decision to acquit is legally binding (in case of insufficient 

proof). We further restrict our sample by excluding defendants that were already bankrupt at 

the moment that the trial took place. Logically, firm closure is no longer a punishment option 

for the judges in these cases. We also exclude the legal bodies that are non-profit 

organizations and focus on defendants that operate in a competitive market environment. 



Judges’ objectives 

29 

 

After conducting these steps, we retain 207 observations. These 207 enforcement cases 

resulted in 176 convictions and 31 suspensions, i.e. the judge decided not to impose a penalty 

even though the offense and the offender were considered as proven a settlement.  

We distinguish two dependent variables in the different steps of our empirical analysis: 

NSANCTION and LNTOTMON. The dummy variable NSANCTION indicates whether the 

non-monetary sanction of firm closure was imposed. This variable is equal to one if the 

offending firm was closed down and zero otherwise. The variable TOTMON equals the total 

of the monetary burden which is imposed as a penalty. It equals zero if the case is suspended. 

In the other cases, it is equal to the fine plus, if applicable, the additional imposition of 

forfeiture of illegal gains. The distribution of this variable is strongly skewed to the right, with 

many small penalties and a few large ones. We apply a logarithmic transformation to this 

variable and denote it by LNTOTMON
9
. Summary statistics for the dependent variables are 

given in Table 3. 

Table 3: Summary statistics 

  #observations  Convictions Suspensions 

  207  176 31 

Variable Mean (for convictions) Std. Dev. Minimum Maximum 

FINE €24,030 78,262 275 €789,055 

LNTOTMON 8.67 3.4 5.62 13.58 

Dummy variable Frequency 0 Frequency 1 

NSANCTION 185 22 

The judge’s choice on the type of sanction (monetary versus non-monetary) depends on the 

sanction’s impact on environmental quality, on the economic costs of sanctions and on firms’ 

abatement costs (D, SC and A). Moreover, the level of the monetary sanction is expected to be 

determined by the seriousness of the violation, X . Thus, we need proxies for these factors in 

order to explain which factors drive the judges’ sanctioning decisions. 

Firstly, it is hard to measure the economic costs of sanctions exactly. Therefore, we 

approximate the defendant’s economic importance by two variables: its economic size and the 

associated employment. The idea is to measure whether and to which extent judges take these 

economic factors into account when considering closure or monetary penalties for certain 

offenses. As an indicator for economic size, we include the firms’ assets (in €000), as it was 

reported on the balance sheet at the end of the year preceding the year in which the judgment 

                                                      
9
 Notice that LNTOTMON is set equal to 0 for the suspended cases. 



30 

was made. The logarithmic transformation of this variable is called LNASSETS. The 

employment variable is measured by LNWORK which is a logarithmic transformation of 

WORKFORCE, the number of employees working for the defendant firm. 

Secondly, we collected a number of variables that give us information about the seriousness 

of the environmental damage caused by the defendant. The variable COMMUNITY indicates 

whether the damages had a significant impact on the surrounding community. It takes a value 

of 1 if the offense had a negative impact on the health of a third party or on somebody's 

property, if public health was affected, if vulnerable areas were damaged or if living species 

were negatively affected. The variable MULTIPLE indicates the number of regulations that 

the defendant is accused of having violated. We also indicate whether a positive action was 

taken by the defendant to limit environmental damages, or whether a positive attitude from 

his side has helped to resolve the situation, through the dummy variable POSITIVE. Finally, 

the variable PRIORITY is a dummy variable that registers whether a violation is considered 

as a ‘priority offense’ by the environmental enforcement guidelines in the Flemish region. 

Summary statistics of these explanatory variables are provided in Table 4. 

Table 4: Summary statistics of most important explanatory variables 

Variable Mean Std. Dev. Minimum Maximum 

ASSETS (in €000) €12,344 43,522 €1 €358,840 

LNASSETS 6.53 2.75 0 12.79 

WORKFORCE 34.6 95 1 684 

LNWORK 1.80 1.71 0 6.53 

MULTIPLE 2.65 2.69 1 28 

Dummy variables Frequency  

0 

Frequency  

1 

COMMUNITY 180 27 

POSITIVE 133 74 

PRIORITY 138 69 

Next, we include a set of variables to control for characteristics of different offenses. Firstly, 

it is known that repeat offenders are often penalized more severely for similar offenses. We 

control for this effect by including the dummy variable REPEAT among the set of 

explanatory variables. Secondly, we include dummy variables that indicate whether certain 

types of contamination were caused. This enables us to control for potential differences in 
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sanctioning policy among different contamination types. The main categories that we include 

are contamination related to illegal/dangerous WASTE disposal, to NOISE nuisance, to 

SOIL/WATER contamination & to ODOR/AIR contamination. The reference category for 

these dummy variables is given by defendants that did not cause any direct contamination, or 

for which no information on the type of contamination caused was available.  

We also include the dummies GHENT & DENDERMONDE (the two largest jurisdictional 

areas in our dataset) to capture regional differences in sanctioning policies between courts. 

The reference group is formed by the cases trialed at other courts in the provinces of Eastern 

or Western Flanders. We finally include year dummies YEAR2004, YEAR2005 & 

YEAR2006 to capture potential changes over time. The reference category here is the year 

2003. Table 5 summarizes the frequencies of the control variables.  

Table 5: Summary table with frequency of occurrence of the control variables 

Dummy  

variable  

Frequency  

0 

Frequency  

1 

Dummy  

variable  

Frequency 

0 

Frequency 

1 

WASTE 140 67 GHENT 127 80 

NOISE 148 59 DENDERMONDE 148 59 

SOIL/WATER 156 51 Y04 170 37 

ODOR/AIR 188 19 Y05 151 56 

REPEAT 197 10 Y06 136 71 

 

3.2 Estimation method and expected results 

We start by estimating a probit model to explain the probability that firm closure 

(NSANCTION) is imposed. Due to the relatively limited number of closures that occurred in 

our dataset, we must be cautious not to select too many explanatory variables in our 

specification. In any case, we include the employment indicator LNWORK in our regression 

model to test how employment concerns are taken into account. We expect its coefficient to 

have a negative sign, because a firm that has an important role as an employer will be closed 

down less frequently than a firm which has committed a similar environmental offense but 

with a smaller role employment role. 
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Next, we estimate the factors that have an impact on the monetary component of the penalty 

(LNTOTMON). We start by estimating an OLS model to get an idea about significant factors.  

Then, we add several other specifications to refine our analysis. We estimate a tobit model to 

take the significant share of zeros for our dependent variable into account. We also estimate a 

two-step model in which we separately estimate a model to explain the conviction probability 

and a model to analyze the level of the monetary penalization. We use the Heckman 

correction for potential unobserved sample selection bias and estimate the model using 

maximum likelihood. Finally, we estimate another two-step model (also with the Heckman 

correction and using maximum likelihood) to separately analyze the imposition of monetary 

penalties on the defendants that were not closed down. The idea here is that the monetary 

penalty is the main component of the penalty for the firms that were not closed down. For the 

firms that were closed, a fine can additionally be imposed, but the monetary penalty does not 

reflect the full sanction then. Therefore, in this step we focus on analyzing the monetary 

penalty for the firms that were not closed down.  

Sample selection bias is possible in this case because the average monetary penalty is 

significantly different between the violators that are not closed down and the others. The 

average monetary penalty is €18,160 for defendants that are not closed down, whereas it is 

equal to €39,530 for the defendants that did receive a non-monetary penalty as well. These 

different levels indicate that unobserved selection bias may be present.  

For identification of the Heckman model, it is necessary to include an exclusion restriction, 

i.e. include at least one variable in the selection equation that does not occur in the subsequent 

equation for the penalty level. Our approach is to include LNWORK in the selection equation. 

We think that potential employment consequences can be a relevant concern in the decision 

whether to impose a penalty. This is certainly the case when closure of a violating firm is 

considered, but can also be relevant for considering whether to impose a monetary penalty. 

However, the decision on the penalty level is more likely to be influenced by the activity level 

of the firm, for two reasons. Firstly, we suspect that environmental damages are often higher 

for larger firms and therefore high fines will often be deemed appropriate. Secondly, for 

equally damaging offenses, judges may wish to give firms equal incentives for regularization 

and avoiding future violations. This leads to higher fines being imposed for larger firms, 

because they have more financial means at their disposal to pay these amounts. Firm activity 

levels are more accurately measured by the firm’s assets than by the number of workers 
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employed. LNWORK and LNASSETS are only correlated to a certain extent (correlation 

coefficient is 65%) in our dataset. Thus, we obtain the exclusion restriction by including 

LNWORK in the selection equation but not in the subsequent level regression and including 

LNASSETS in the level equation only.  

With respect to the expected coefficients, we anticipate to find a positive coefficient for the 

variable LNASSETS. We also expect that COMMUNITY, MULTIPLE, PRIORITY & 

REPEAT show up in our regressions with positive coefficient because they are expected to 

positively influence judges’ propensity to punish. On the other hand, the variable POSITIVE 

is expected to show up with a negative coefficient.  

For the other variables, it remains to be seen how these variables influence punishments. This 

is the case for the contamination controls, for the regional controls and for the year dummies. 

In fact, we do expect that regional differences can occur. This would indeed be the case in the 

fine level equation if significant differences in judicial preferences  exist between different 

courts. In contrast, we do not anticipate any temporal shifts in punishment decisions over the 

course of our sample period 2003-2006 and therefore do not expect any of the year dummies 

to be significantly different from zero. 

3.3 Results 

First, we estimate the regression model to study the probability of firm closure. Given the 

nature of the dependent variable as a dummy, we choose to estimate a probit binary choice 

model. In the second step, we estimate a linear regression model in which we analyze fine 

levels. 

3.3.1 Probability of non-monetary sanction 

Table 6 presents the factors that affect the probability that firm closure (NSANCTION) is 

imposed. Estimated coefficients are given in the second column, together with the associated 

p-values that indicate the statistical significance of the coefficients. The marginal (or partial) 

effect of a unit change for one of the explanatory variables on the estimated probability is 

given in the third column.  
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Table 6: Output of the estimation of the non-monetary sanction probability 

 (1)  

 NSANCTION Marginal Effects 

COMMUNITY 0.213 0.033 

 (0.577)  

REPEAT 1.125** 0.239 

 (0.027)  

PRIORITY 0.591* 0.090 

 (0.071)  

POSITIVE -0.921** -0.107 

 (0.034)  

LNWORKFORCE -0.339*** -0.047 

 (0.003)  

MULTIPLE 0.0326 0.004 

 (0.552)  

Constant -1.080***  

 (0.000)  

Observations 207  

Pseudo R
2
 0.212  

chi2 29.76  

p 0.00  

Pred_1 68%  

Pred_0 81%  

Pred_Total 80%  

p-values in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01 

 
The main result of Table 6 is that firms which employ a large number of workers have a significantly 

lower probability of being closed down. The coefficient on LNWORK is negative and highly 

statistically significant. This indicates that social costs of penalties seem to be taken into account by 

judges, as required by the proportionality principle, because closure of ‘high-employment’ firms is 

more costly than closing smaller firms. When we look at the marginal effect
10

 for the coefficient on 

LNWORK, we find that a 1% increase in the size of the firm (expressed in €000) leads to an average 

decrease of around 0,05 percentage points in the probability that the firm is closed down. This number 

may seem small, definitely in comparison with the other marginal effects. However, one should keep 

in mind that LNWORK is not a dummy variable and the others are. Therefore, given the wide range of 

LNWORK among the firms in our dataset, this relatively small marginal effect can still lead to effects 

that are economically significant. To assess this economic significance, we let the variable LNWORK 

                                                      
10

 We calculate the marginal effect as the effect on the dependent variable of an increase by one unit for an 

explanatory variable, evaluated at the mean of the other explanatory variables. 
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range from its minimum 0 to its maximum value 6.53 while evaluating the other variables at their true 

values (as they are recorded in the dataset). The resulting probability of imposing a non-monetary 

sanction ranges from 19 percentage points for the ‘low-employment firm’ (with LNWORK equal to 

zero) down to about 0.39 percentage points for the high-employment firm (with LNWORK equal to 

6,527). Thus, the level of firm ASSETS seems to be a significant component in the judge’s decision 

whether to close down a firm or not. As a qualification of our result, we should indicate that this result 

our empirical observations may not be entirely attributable to judicial preferences as they may also 

depend on other factors which we could not include in our analysis. 

When we look at the other explanatory variables, we find that all coefficients have the signs 

that we expect. The coefficients for violators with a COMMUNITY impact, REPEAT 

offenders, PRIORITY violations and offenders of MULTIPLE environmental regulations are 

all positive, whereas POSITVE actions have a negative effect on the closure propensity. 

However, only the coefficients for REPEAT offenders and for POSITIVE actions are 

statistically significant at 5% significance level. The coefficient for PRIORITY violations is 

only significant at a 10% significance level. 

3.3.2 The level of the fine 

After estimation of the probability of imposing a non-monetary sanction, we turn to the 

regression in which we analyze the level of the monetary penalty. As explained in section 3.2, 

we implement four different regression specifications: an OLS model, a tobit model and two 

different two-stage regression models with Heckman correction for sample selection. In the 

first Heckman model we select the convictions, i.e. the cases where a penalty was effectively 

imposed. In the second Heckman model we select the cases where firm closure was not 

imposed as a penalty. The dependent variable is always LNTOTMON, the logarithmic 

transformation of the total monetary penalty. The results are given in Table 7.  

 

Table 7: Output of the regression of the level of the sanction imposed 

 (1) (2) (3) (4) 

 OLS model Tobit model Heckman,  

select 

(Conviction) 

Heckman,  

select 

(NSANCTION=0) 

 LNTOTMON LNTOTMON LNTOTMON LNTOTMON 

GENT 2.163*** 2.358*** 1.310*** 1.727*** 

 (0.000) (0.000) (0.000) (0.002) 

DENDERMONDE 0.501 0.575 -0.0821 0.779 

 (0.412) (0.409) (0.732) (0.174) 

YEAR2004 0.124 0.0917 0.448* 0.205 
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 (0.855) (0.905) (0.073) (0.756) 

YEAR2005 0.825 0.903 0.649** 0.576 

 (0.180) (0.192) (0.012) (0.297) 

YEAR2006 0.0418 0.0693 0.268 0.0344 

 (0.944) (0.917) (0.225) (0.955) 

COMMUNITY -1.308 -1.597* -0.233 -1.052 

 (0.118) (0.090) (0.571) (0.248) 

REPEAT 1.100 1.197 0.256 1.288 

 (0.265) (0.277) (0.401) (0.262) 

PRIORITY 1.528*** 1.704*** 0.885*** 1.774*** 

 (0.002) (0.003) (0.000) (0.001) 

POSITIVE -2.506*** -2.887*** -1.363*** -3.093*** 

 (0.000) (0.000) (0.000) (0.000) 

LNASSETS -0.0679 -0.0892 0.0329 -0.104 

 (0.395) (0.319) (0.410) (0.170) 

MULTIPLE 0.0892 0.0861 0.102* 0.126 

 (0.298) (0.387) (0.072) (0.171) 

WASTE 0.829 0.991 0.122 0.316 

 (0.126) (0.106) (0.628) (0.511) 

NOISE 1.537** 1.837*** 0.246 1.406** 

 (0.013) (0.009) (0.383) (0.016) 

SOILWATER 1.115** 1.301** 0.527** 0.999* 

 (0.044) (0.038) (0.042) (0.057) 

ODORAIR 1.283* 1.520* 0.602* 0.587 

 (0.091) (0.077) (0.083) (0.303) 

_se  3.194***   

  (0.000)   

Select 

(Conviction) 

    

COMMUNITY   -0.416  

   (0.300)  

PRIORITY   0.564**  

   (0.016)  

POSITIVE   -1.007***  

   (0.000)  

MULTIPLE   0.0717**  

   (0.024)  

LNWORK   -0.0497  

   (0.494)  

Select 

(NSANCTION) 

    

COMMUNITY    -0.439 

    (0.177) 

     

REPEAT    -1.355*** 

    (0.001) 

     

PRIORITY    -0.515** 

    (0.033) 

     

POSITIVE    0.328 

    (0.235) 

     

MULTIPLE    0.00969 

    (0.897) 



Judges’ objectives 

37 

 

     

LNWORK    0.313*** 

    (0.004) 

Observations 207 207 207 207 

R
2
 0.340    

Adjusted R
2
 0.288    

Pseudo R²  0.076   

AIC 1038.9 1019.5 715.9 1026.9 

F-value (joint 

sign.) 

6.56 80.75   

p-value (joint 

sign.) 

0.00 0.00   

Chi2 (LR-test 

indep eq.) 

  26.29 50.37 

p-value  

(LR-test indep 

eq.) 

  0.00 0.00 

lambda   1.38 -3.06 

p-value 

(lambda) 

  0.00 0.00 

Marginal effects; p-values in parentheses (d) for discrete change of dummy variable from 0 to 1 

* p < 0.10, ** p < 0.05, *** p < 0.01 

An interesting observation is the heterogeneity of penalization strategies between different 

courts. We find that the court in GHENT imposes significantly higher monetary penalties for 

similar offenses than other courts. This result is consistent over all specifications of our 

regression model. We find that a defendant being tried in Ghent can expect a penalty which is 

more than 200% higher, on average, than in other courts. It is possible that this effect can be 

attributed to a different objective function, with a lower value for Ψ in Ghent. According to 

our theoretical hypothesis 1, this would lead to a tougher sanctioning strategy for those 

sanctions where associated social costs are likely to be low (such as for monetary ones). 

Therefore, we find some indications that confirm our theoretical hypothesis 1. We conclude 

that judicial objectives seem to differ between courts
11

. In contrast but as expected, we do not 

find much evidence for a temporal shift in penalization by judges. In one specification, we 

find two years during which penalization was significantly tougher. However, this 

observation is not robust across specifications. 

With respect to the other variables, we find that monetary penalties are tougher for 

PRIORITY violations as well as for offenses that lead to NOISE nuisance, to SOIL or 

                                                      
11

 It is not implausible that court preferences in Ghent are somewhat tilted towards the environment, as 

preferences for environmental goods tend to be higher in urban areas where environmental goods are relatively 

less abundant. 
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WATER contamination and to ODOR or AIR contamination. In contrast, monetary penalties 

are lower if POSITIVE actions have been taken to limit environmental damages. In contrast 

to our expectations, we do not find any significant effect of a firm’s activity level (represented 

by LNASSETS) on the monetary penalties imposed. In the two-step decomposition of the 

sanctioning decision into decision whether to convict and decision on the penalty level, we 

also do not find any effect of LNWORK on the propensity to convict. It is only in the decision 

to close down a firm that the employment concern seems to be important.  

In the two-step models (3) and (4), we separately analyze the conviction decision and the 

penalty level. Focusing on the conviction decision, we find again that PRIORITY offenses 

have a higher propensity of being penalized and that taking POSITIVE actions decreases the 

penalization propensity. Furthermore, we observe that offending MULTIPLE regulations also 

leads to a higher monetary penalization propensity. The coefficients in the NSANCTION 

regression of Table 6 reflect the ones we found earlier, in section 3.3.1 of our empirical 

analysis. Finally, a LR-test on independence of the equations in our two-step regression 

models, (3) & (4), shows that we can reject the independence assumption. This means that the 

errors in our two regression models are correlated and we should indeed use the Heckman 

correction.  

3.4 Discussion of empirical results 

To summarize our empirical findings, we find that larger firms are found to be closed down 

less frequently than smaller firms. This strengthens the view that courts balance the deterrence 

effect of sanctions on future violations with the economic costs of using a particular sanction 

before reaching a verdict. So, in our illustration the case that 0   can be excluded. For the 

monetary component of the penalties, we find that there are significant differences in 

penalization practices between different courts. This seems to indicate that there is also 

heterogeneity with respect to the ‘proportionality parameter’ Ψ between different courts. It 

seems that the court of Ghent has a higher preference for environmental law compliance (a 

lower value for Ψ) relative to other courts, which leads to higher monetary penalties being 

imposed for similar offenses. This observation also entails that, in Flemish courts, there is not 

one single way in which the trade-off is made between deterrence maximization and taking 

into account economic welfare concerns. 
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We obtain these results using different model specifications and also controlling for several 

factors; such as previous violation history, seriousness of the offense in terms of community 

impact or priority violations, different types contamination, activity levels of the firm, etc. 

The way in which these control variables enter our regression models does not cause many 

surprises. 

We must notice, however, that court decisions may not always result exclusively from judicial 

preferences. The legal framework that surrounds judges can give them strong incentives to 

decide on cases in a certain way, potentially different than how they would like to. Ramseyer 

& Rasmusen (2006), for instance, demonstrate how Japanese judges have strong incentives to 

make the government’s opinion prevail in politically charged cases, as their future career 

opportunities depend on it. Other legal aspects could also affect judicial outcomes which we 

did not control for, such as choice of lawyers. Therefore, we must be cautious in interpreting 

our empirical results as a reflection of judicial preferences exclusively. 

4 Conclusion 

Our principal objective was to investigate how judges balance environmental regulation 

compliance with other enforcement costs when making judgments in court, and how this 

balancing translates into higher or lower penalization strategies. 

Firstly, we find that judges indeed take economic costs of penalties into account, as required 

by the proportionality principle. The clearest indication for this conclusion was found in the 

empirical analysis: We observed that firms who are ‘large employers’ are closed down less 

frequently than ‘small employers’, controlling for different violation characteristics.  

Secondly, we also found that differences in judicial preferences between environmental 

compliance and welfare maximization may lead to different penalties being imposed. This 

was derived in the theoretical model: under certain parameter values, we found that a welfare 

maximizing judge will optimally impose non-maximal penalties which result in a certain level 

of violations. This is the case when, broadly speaking, penalties are such that they entail 

relatively low economic costs. Also, marginal abatement costs need to outweigh the marginal 

environmental costs from noncompliance at the environmental standard for a number of 

firms. In contrast, compliance maximizing judges always impose maximal penalties such that 
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firms have no incentive to emit more than they are allowed to. In the empirical analysis, we 

also found some heterogeneity among courts in the monetary penalties that they impose (for 

equal offenses) and suggested that this may follow from different preferences between 

economic welfare maximization and compliance maximization. More specifically, we found 

indications that judicial objectives at the court in Ghent are more inclined towards preventing 

environmental damage in comparison with other courts in the dataset. However, we must 

notice that court outcomes may not be exclusively determined by judicial preferences. Other 

factors that we did not control for in our empirical model may also influence judicial decision 

making. 

The second result entails that there is not one single way in which judicial decision-making 

can be modeled, as this will remain somewhat a subjective decision for which different 

parameters may be needed for different courts. 

To enhance the realism of our model, a multi-period model could be developed to introduce 

the possibility of penalty leverage if infringements occur repeatedly at the same firm. Another 

extension could be to introduce settlement mechanisms and measurement errors into the 

model. A possible extension on the empirical side could be to use more specific data on the 

environmental costs of violations and on the economic costs of sanctions in order to analyze 

more precisely the extent to which both elements are taken into account by judges.  
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Chapter 3: Treatment of repeat and 
intentional offenders 

1 Introduction 

In practice, environmental violations can be the result of accidental circumstances but also of 

insufficient precautionary actions taken by one or more parties involved. Thus, offenses can 

be characterized by the intentionality of the offender. If no precautionary measures 

whatsoever had been taken by a reckless agent, the violation can be considered as intentional. 

If precautionary measures had been taken to limit the environmental risk but there was still an 

incident taking place, the offense can be considered accidental. The DEP (2002) divides 

offenses into four broad categories, based on the degree of intentionality or precautions taken: 

1) accidental violations defined as violations beyond the control of the violator; 2) negligent 

violations caused by a failure to prevent occurrence or correct a violation due to indifference, 

lack of reasonable care, or lack of diligence; 3) reckless violations caused by a conscious 

disregard of or indifference to the consequences of their actions, though the act was not 

intentional; and 4) deliberate or willful violations caused by an intentional action or 

intentional lack of action.  

In this paper, we study the effect of the perception of intentionality (by a judge or sanctioning 

official) on the size of the penalty imposed. In order to study the effect of intentionality on 

environmental sanctioning, we make an explicit link with firms’ risk exposure. The day-by-

day decisions of firms generally involve certain risks. Firms can never be absolutely certain 

that their production processes will not lead to damage to public health and/or the 

environment. After all, machines and abatement equipment can break down, communication 

concerning managerial decisions can be misinterpreted and employees can be inattentive or 

insufficiently trained. Firms can limit these risks by taking preventive actions and limit the 

damages by taking fast measures. However, these measures are costly and firms can 

voluntarily choose not to take any precautions in order to save costs. Thus, we can distinguish 

between voluntary and involuntary risk exposure by firms. If the degree of voluntary risk 

exposure chosen is very high, a possible environmental incident can also be interpreted as an 

intentional violation.  
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We will argue that the intent may be a somewhat subjective perception that can be difficult to 

measure and quantify in an objective way. The statement that precautionary actions, taken in 

to context of environmental regulation, are sometimes difficult to observe and assess has been 

made previously by other authors, such as Bartsch (1997). Therefore, the judges can opt to 

take the offender’s previous track record into account, as a signal of his precautionary 

behavior. We will thus include a specific link between repeat offenders and precautionary 

measures in our theoretical model. Subsequently, we will test the predictions of this model in 

an empirical analysis. 

1.1 Related literature 

The concept of ‘intent’ or ‘dolus generalis’ is an important normative criterion in legal 

punishment guidelines. This is the case for Belgian law (Van den Wyngaert, 2006) but it also 

holds in most other jurisdictions. Shavell (1985) argues that intent should lead to higher 

penalties in criminal cases because it is likely to be correlated with harm, with gain and with 

effort to avoid detection. An overview of the most important results of empirical analysis on 

environmental enforcement is provided by Rousseau (2009). These studies often find higher 

sanctions for intentional violations in practice. Both Earnhart (1997) and Kleit (1998) 

incorporate variables indicating the cause of the offense in their analysis of enforcement 

actions taken for environmental violations. They find that when the cause was related to 

human influence or negligence, the penalty imposed was significantly higher. Also, when the 

offense was labeled as being intentional, the penalty increased significantly (Rousseau and 

Billiet 2005). Thus, in practice intentional violations seem to be punished more harshly than 

accidental ones. This is in line with normative legal guidelines. 

There is also a large literature investigating how repeat offenders are treated in comparison to 

first-time violators. Landsberger & Meilijson (1982) were the first to analyze how prior 

offenses should affect future expected fines. They show that a penalty can lead to a higher 

detection probability in the future, because of increased targeting. If this is taken into account 

by regulated agents, they will adapt their behavior even before the first occurrence of an 

offense. In this paper, however, we are interested in how repeat offenders are penalized 

instead of monitored. Harrington (1988) examined increasing fines for environmental 

violations and provided an explanation of how escalating penalties could cause the apparent 

over-compliance with environmental law. In a more comprehensive theoretical analysis, 

however, Harford & Harrington (1991) subsequently showed that a static solution, in which 
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all firms are treated alike, will often be superior. Emons (2007) found that if one allows for 

accidentally committing the violation, the optimal penalty scheme decreases if the benefit of 

the harm is small and increases if the benefit is large. Polinsky & Rubinfeld (1991) have 

developed a theoretical model to analyze the treatment of repeat offenders. They allow for a 

difference in offense propensity between agents, which results from a difference in the gains 

obtained from illicit activity in their model. The offense propensity is hidden information for 

the regulated agents but can be learned about through the previous offense history. Therefore, 

it is possible that repeat offenders should be punished tougher than first-time offenders. 

Delhaye (2007) argues, in a context of traffic law enforcement, that enforcement officials can 

learn about driving ability through previous convictions. This is why it makes sense to make 

penalties dependent on previous record in the context of speeding offenses. 

1.2 Structure of this paper 

Our theoretical approach is similar to the Polinsky & Rubinfeld model in that we allow the 

judges (or sanctioning officials) to learn about hidden offenders’ characteristics through their 

previous compliance history. The hidden characteristic in our model is the precautionary 

actions taken by the agent. The assumption that part of the precautionary effort remains 

hidden for the regulator is in line with Bartsch (1997), who decomposes precautionary effort 

into observable and unobservable precautionary actions. In our theoretical analysis we focus 

on the unobservable component of precautionary effort. We will find that repeat offenses can 

be used to learn about intent and that escalating penalties for repeat offenders can thus be 

interpreted as a way to punish intentional violations. 

We then proceed with an empirical analysis in which we use a dataset of Belgian 

environmental enforcement cases to test how repeat offenders and intentionality of the offense 

are dealt with in practice. We dispose of data documenting environmental enforcement 

practice in court in the Flemish region and at administrative enforcement agencies in the 

region of Brussels. We are able to compare the ‘repeat offender effect’ and the ‘intent effect’ 

because we dispose of proxy variables to approximate both variables and the sanction 

imposed at the level of the individual cases. 

In section 2, we develop a simple model that reflects the effect of environmental damage, 

sanctioning costs, repeat offenses and precautionary measures on the optimal penalty. In 
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section 3, we present our data for the empirical analysis. We describe our empirical results in 

section 4 and our conclusions in section 5. 

2 Model 

We develop a model in which we provide a rationale for increasing penalties against repeat 

offenders. The judge in our model wants to promote the taking of precautionary measures to 

limit environmental accidents from occurring. He does this by punishing the defendants that 

do not take any such measures. However, the judge is limited in his observation of the 

precautionary measures taken. This can be plausible in the context of environmental 

violations (Bartsch, 1997), which is typically a relatively complex area for judges, who 

sometimes possess limited expert knowledge. Repeat offenses are then used as a signal for the 

intentionality of the offense, or equivalently as a signal for the inappropriateness of the 

precautionary measures taken by the agent to limit the occurrence of environmental incidents.  

Firms and individuals make compliance decisions. Depending on the action selected, firms, 

individuals and environment face more or fewer risks of an incident occurring
12

. A firm can 

take precautionary measures to limit the risk of an (environmental) accident occurring. 

However, we assume that even a prudent firm (or individual) runs a small risk of an incident 

affecting the environment. Agents can thus never be absolutely certain that their actions will 

not damage public health or the environment. We model the precautionary actions taken by 

firm i  using the dummy variable  0,1i  : the firm can decide to make precautionary efforts 

 0i   or not  1i  . The variable 0   represents the accidental incident probability that 

remains even if precautionary effort was taken. This residual probability includes incidents 

resulting caused by, for example mechanical failures, extreme weather conditions (e.g. storm 

or floods) or actions by third parties. The resulting probability that an incident occurs  inc ip   

is then formally defined by: 

                                                      
12

 We do not apply our model to a specific environmental incident, but have in mind phenomena such as an oil 

spill due to insufficient protection measures, an explosion leading to air pollution, etc. 
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Thus, agents who take precautionary measures  1i   only face the residual incident 

probability . The agents who do not take precautionary measures  0i   cause an incident 

with probability one
13

. We also assume that the environmental damage caused by the incident 

is a constant D , which is independent of the precautionary measures taken.  

2.1 Agent behavior 

Firms aim to minimize environmental compliance costs. In our model, this means that they 

trade-off the costs of the precautionary investments with the potential penalties that they face 

if the incident occurs. The costs they face for making the precautionary efforts equals i i . 

The parameter i represents the agent’s compliance cost and is heterogeneous over the 

population of regulated agents. This parameter can contain both economic and non-economic 

components. For example, some agents may find it worthwhile to undertake the precautionary 

measures for ‘non-economic reasons’ such as social norms or ethical motivations, whereas for 

others these non-economic components are not important in their decision. On the other hand, 

the compliance cost can also be different among agents for economic reasons such as 

difference in abatement costs or a difference in non-penalty consequences in case of an 

environmental accident (such as the effect of negative publicity, for example). Thus, the cost 

of precautionary measures differs between regulated agents. This can be for economic or non-

economic reasons.  

The cost in case of an environmental incident equals the penalty imposed by a judge or 

regulatory agency S  times the probability that the incident is detected detP . Let us for 

simplicity’s sake assume that det 1P 
14

. The expected enforcement cost for the firm can be 

denoted as:  inc iP S . 

It is the trade-off of the precautionary measures with costs of liability penalties in case of an 

incident that drives agent’s decisions. This can be formalized through the following formula: 

                                                      
13

 This is a normalization: diminishing the incident probability with a random component  to1  , for 

example, will not lead to any substantial changes in our analysis. The basic point is that there is some random 

component in the incident probability, which is represented by  in our model. 
14

 This should not be entirely unrealistic for (serious) environmental incidents. 
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We can then define a ‘borderline agent’, with a precautionary effort cost parameter ̂ , who is 

indifferent with respect to undertaking the precautionary effort or not: 
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We further assume that i  is distributed according to an exponential distribution:  
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And assume, for the sake of simplicity, that 1  . The share of agents who decide to invest in 

precautionary measure to prevent environmental incidents is then given by: 

    ˆˆ 1
S

F S e





  . We also assume that this distribution is known to the judge ex-ante, but 

that the individual agents’ parameter i  is unknown. 

The choice for the exponential distribution represents the idea of the ‘enforcement pyramid’ 

(Ayres & Braithwaite, 1995): namely that most defendants will be relatively willing to take 

environmental precautionary measures and can be induced to do so with relatively mild 

enforcement actions such as warnings or information measures. However, there is also a small 

share of unwilling agents who require serious enforcement actions. We use the exponential 

distribution for the precautionary effort cost to reflect the idea that taking tougher 

enforcement measures leads to a higher compliance rate, but that this rate is diminishing at 

higher penalty levels since the density function becomes thinner. 

 

2.2 Enforcement authority  

The judge (or regulatory enforcement official
15

) acts as a Stackelberg-leader in our model. He 

optimizes his objective functions, taking the agents’ reaction function into account. In the 

context of our analysis, the aim of the judge is to use his enforcement tools in order to give 

the regulated agents the incentives to invest in precautionary measures to prevent the 

occurrence of incidents. Basically, the judge wants to penalize the agents who do not take any 

precautionary measures. He will impose a penalty equal to the environmental damage to make 

                                                      
15

 From here on, we will use the term ‘judge’ both for an official judge and for an administrative official with 

enforcement competences. 
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the agent internalize this cost. Further, he wants to limit the penalties given to the agents that 

do invest in precautionary measures. The reasoning here is that they already take 

environmental precautionary measures and so no additional incentives are given to them. 

Further, imposing a penalty on them may be costly, as it can lead to certain penalty costs or 

reduce the goodwill of these agents to make the environmental precautionary measures. As 

discussed previously, this underlying rationale is in line with legal policy lines, where the 

‘intentionality’ or ‘dolus generalis’ of an offense is an important normative criterion to take 

tougher enforcement actions against the agent (Van den Wyngaert, 2006). Intentional offenses 

more often tend to be followed by criminal enforcement whereas accidental violations not. 

However, the problem is that judges cannot directly derive the ‘intentionality’ of the offense, 

because they cannot observe in our model whether the offense was caused by inappropriate 

precautionary measures taken by the agent or by chance. He only gets an imperfect signal of 

the agent’s decisions when an environmental incident occurs. The signal is imperfect because 

the incident can either be due to the inappropriate precautionary measures taken  0i  , or 

due to the residual accident probability . When observing the occurrence of an incident, the 

judge thus has to form a belief about the probability that this offense was intentional or 

accidental. This belief will drive the severity of the enforcement action taken against the 

offender. 

The judge balances the severity of the environmental damage D with the severity of the 

penalty S , when deciding on the appropriate penalty S . We assume that the imposition of a 

penalty against a defendant that undertook precautionary measures is costly at a rate . As 

mentioned before, this is the pure sanctioning cost plus the potential reduction in ‘goodwill’ 

to undertake further environmental precautionary measures. We denote the judge’s belief 

about the probability that he is dealing with a benevolent, precautious offender as  ˆPr    

and the probability that he is dealing with a reckless violator as  ˆPr   . The judge’s 

optimization problem can now be formally written: 

      ˆ ˆ:   Pr Pr
S

JudObj Min S S S D       , with generally D  . 

The function  ˆ S  represents the reaction function of the regulated agents (see supra). 
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2.2.1 Step 1: Pool of first-time offenders 

Let us now consider the pool of first-time offenders. There is a certain probability that an 

agent where an incident occurred was benevolent, but that the incident was caused by ‘bad 

luck’. The judges’ belief about the share of ‘benevolent offenders’ is dictated by Bayes’ rule 

and is given by: 
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ˆ ˆ1
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The associated belief that the judge is dealing with a reckless defendant equals: 
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We can now specify the first order condition that yields the optimal penalty for first-time 

offenders 
*

1S : 

 
 

   

:     

:     

1

1 1

ˆˆ Pr
ˆPr 0

ˆ

Benefit Higher rate of benevolent defendants

Loss Higher penalties against benevolent defendants

JudObj
D S

S S

 
   



  
     

  
. 

We have also checked the second-order condition 
2

2

1

JudObj

S




 to verify that the above 

condition indeed leads to a minimum. We find that the second-order condition is very likely 

to be positive; and this at an increasing rate for higher 1S
16

. Therefore, we conclude that the 

first-order condition indeed leads to a minimum. 

Rewriting the first-order condition and plugging in the exponential distribution, we find the 

following characterization for the optimal penalty: 

                                                      
16

 We can show that the second-order derivative is unambiguously positive under the condition that: 

       ˆ ˆ1 1 1e F S        . It is clear that this will become more likely for increasing S . 
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These equations show that the optimal penalty equals the environmental damages in case of 

an accident, divided by the social cost rate of an inappropriate penalty  . This share is then 

diminished by a number that is clearly increasing in . Notice that this second term equals 

 ˆF   if 0   and that it goes to   as 1  . This entails that the higher the chance of 

accidental/involuntary damages, the lower the optimal penalty. Finally, it is also clear that 

*

1S  as  ˆF   . 

2.2.2 Step 2: Pool of second-time offenders 

Let us now consider the pool of second-time offenders, or repeat offenders. The probability 

that an offender where two incidents occurred is benevolent is relatively much smaller. It 

must be that this defendant had ‘bad luck’ twice. The judge’s belief about the share of 

‘unlucky defendants’ is again given by Bayes’ rule: 
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The judge’s belief about the share of defendants where the incident was caused by 

recklessness, and that thus merit a penalty, is given by
17

: 
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In an analogous way as for first-time offenders, we can derive that the optimal penalty for 

repeat offenders equals: 

                                                      
17

 We will show later that 
* *

2 1S S . This entails that the defendants who were reckless in the second stage were 

also among the reckless defendants in the first stage, and thus that they merit a serious penalty. 
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In terms of comparative statics, the results for *

1S and *

2S  are highly similar: 
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2.2.3 Comparison 

When we compare the optimal penalty for first-time offenders with repeat offenders, we find 

that 
* *

2 1S S  because 2  . The rationale is clear: it makes sense to impose higher penalties 

on repeat offenders because the probability that one of them is actually a benevolent defender 

investing in appropriate precautionary measures is much smaller than for first-time offenders. 

The judge thus learns about the precautionary behavior through the defendant’s compliance 

history and considers a negative compliance history as a signal of an intentional offender. 

2.2.4 Conclusion 

We conclude that repeat offenders can provide a signal about ‘intentionality’ of an 

environmental offender. Given the centrality of the concept of ‘dolus generalis’ in the penal 

law, we expect judges to impose tougher penalties for repeat offenders. We show that this can 

follow from a desire to punish the intentional offenders and using the repeat offenses as a 

proxy variable for ‘intent’. We will test this conclusion in the empirical analysis. Further, we 

compare the effect of repeat offenders with ‘intent’ because we have a measure for both in our 

data. 

3 Data 

Let us now describe the dataset that we use in this chapter and introduce the dependent and 

explanatory variables that we use in our empirical analysis. As described in chapter 1, our 
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data contains information on criminal sanctions as well as administrative sanctions for 

environmental violations. We include both enforcement tracks in the analysis. This enables to 

compare both and learn about potential differences. 

3.1 Dataset 

We distinguish between ‘harm’ cases and ‘risk’ cases. These groups correspond to defendants 

who really caused a certain environmental harm and defendants who face accusations of 

displaying risky behavior or causing environmental hazards. Given the focus of our 

theoretical model on the unobservable risk and the subsequent environmental accidents, we 

will restrict our focus in the empirical section to the ‘harm’ cases. For making the distinction 

between the two cases, we base ourselves on indications related to the type of contamination. 

A significant share of the offenses carried the indication that ‘no contamination was caused’. 

Thus, the motivation of the sanctions imposed on these defendants cannot be based on real 

environmental harm estimates. Most of the cases with no contamination recorded involved 

offenses in which a defendant did not fulfill a legal requirement such as filing for an 

environmental permit. An alternative group of ‘risk’ cases are the cases dealing with noise 

nuisance where the rationale for deterrence is the possibility that (repeated) exposure to loud 

music/noise may cause hearing damage. The remaining group of defendants, for whom there 

was an indication that their violations resulted in environmental harm, are categorized as 

‘harm’ cases. For the group of defendants that face both ‘harm’ and ‘risk’ offenses, we 

assume that the offenses leading to actual environmental harm are the most important for 

determining the level of the sanction. Therefore, we categorize these defendants among the 

‘harm’ group. 

Table 8: Number of defendants in each subset 

Number of defendants in each subset Harm Risk 

Criminal track 1048 265 

Administrative track 276 334 

 

As shown in Table 8, the share of ‘risk’ cases is much lower in the criminal than in the 

administrative enforcement track. This is in accordance with a paper by Garoupa & 

Obidzinski (2006) that criminal sanctions are likely to be harm-based and administrative ones 

are more often risk-based. 
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3.2 Dependent variables  

We now outline the construction of the dependent variables to measure the stringency of the 

sanction in the criminal and the administrative track. For the criminal sanctions, we focus on 

the main penalties, which are fines and imprisonment sentences, plus the amount of removal 

of illicit gain awarded. Each sanction imposed consists of an ‘effective’ component and a 

‘conditional’ component. We believe that the effective sanction is the most appropriate 

measure of sanction stringency for a certain violation, because the other component is rather 

used for deterring future offenses. Therefore, we restrict our attention to the effective 

component of the sanction. Also, we only include proven accusations in our analysis, because 

the cases where no sufficient proof is available automatically lead to acquittals. It would not 

make sense to include these observations, because in these cases the judge is devoid of all 

discretionary power. Some descriptive statistics on the main penalties can be found in  

Table 9.  

Table 9: Descriptive statistics for effective criminal sanctions imposed 

Variable Number of 

observations 

Average Median Maximum Minimum 

Fine  

(in €) 

991 4807 1000 475,000 55 

Imprisonment  

(in months) 

33 5.4 3 24 1 

Removal of illicit gain 

(in €) 

64 403,841 12,701 24,212,597 500 

Note that the distribution of the amounts of the fines is skewed to the right, which is reflected 

in the fact that its average value is significantly higher than the median. The same holds for 

the requested removal of illicit gain by the public prosecutors. In order to perform a consistent 

empirical estimation, we construct one value (CRISANC) to indicate the stringency of the 

sanction which is based on the three components of  

Table 9. Therefore, we need to find an equivalent monetary value for a jail sentence. The way 

how we do this, is explained in detail in Appendix A. Thus, the variable LN(CRISANC) 

represents the logarithmic transformation of the level of the effective sanction defined as the 

sum of the monetary equivalent of an imposed prison sentence, the effective fine and the 

awarded removal of illicit gain. In our dataset (Billiet et al., 2009), judges of the courts of first 

instance convict three in four defendants. Moreover, one in eight defendants are acquitted, 

while the remaining defendants without a conviction receive a suspension of the verdict. 
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For the administrative cases, the dependent variable is equal to the imposed fine 

(ADMSANC). The variable LN(ADMSANC) then represents the logarithmic transformation 

of the administrative fine level. In our dataset, an administrative fine was imposed in 62% of 

the cases in which the fining procedure was started. Some descriptive statistics on the level of 

administrative fines are given in   

Table 10. The average fine is significantly higher than the median, so its distribution is again 

skewed to the right.  

Table 10: Descriptive statistics for level of administrative fines 

Variable Count Average Median Max Min 

Amount (in €) 399 3628 785 102,915 62 

3.3 Explanatory variables 

The most important explanatory variables are REPEAT and INTENT. For the criminal cases, 

both variables are deduced from the written motivation statements that are mandatory 

complements for each verdict in court. They thus measure the judge’s perception about these 

issues. The variable REPEAT is a dummy indicator that equals one if the violator was a 

repeat offender (and this is mentioned in the verdict) and equals zero when he was not. The 

dummy variable INTENT is equal to one if statements are included in the written verdict 

report that can be linked to intentionality
18

. Statements that indicate insufficient precautionary 

actions were taken or that the offense is considered to have been purposely committed are 

thus used as proxy indicators for ‘intent’. For the administrative cases, the written statements 

were less comprehensive. Still, they contained information that allowed us to construct a 

proxy indicator for intent and to identify a dummy variable for repeat offenders. The dummy 

variable PREWARN is somewhat similar to REPEAT: it measures whether warnings were 

given to the offender before the incident took place that gave rise to the enforcement case. In 

the administrative cases only we add one more variable that is related to intent. The dummy 

variable TECHNICAL is equal to one if the offense was not caused by a human action but 

was due to some mechanical/technical failure. This variable indicates that the extent of 

intentionality was probably rather low.  

                                                      
18

 These statements include the use of the terms ‘knowingly and willingly’, ‘sustained’, ‘intentionally’, ‘on 

purpose’, ‘purposely’, or ‘unwillingness’. 
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Besides these main variables, we include many other variables to control for omitted variable 

bias. Firstly, we include a set of variables to control for (the perception of) the profitability of 

the offense. After all, a judge or administrative enforcement official will consider that more 

profitable violations need tougher enforcement measures in order to be deterred. For the 

criminal cases, we define the dummy variable GAIN equal to 1 if one of the following 

expressions was present in the judge’s motivation of the verdict: ‘pursuit of profit’, ‘economic 

profits’, ‘self-interest’, ‘financial profit’ or ‘economic stakes’. The variable LNFORFEIT 

represents the (logarithmically transformed) amount of illicit gains (in euro) that the public 

prosecutor requested to be removed. In the administrative enforcement track, there is little or 

no information available to identify profitability for the defendant. This is because it is not 

possible for the administration to request for removal of illicit gains in administrative cases. 

In addition, the written motivations that accompany sanctioning decisions are much less 

elaborate in their description and none of the decisions in our dataset explicitly mentions 

profits as a motivation for imposing higher fines.  

Secondly, we control for the environmental damage caused by the offense. In the criminal 

enforcement track, we define the dummy variables NATURE, HEALTH and CIVIL PARTY. 

These are equal to one if (for at least one of the defendant’s proven offenses) natural 

resources were affected, public health was affected or an affected third party was included in 

the case. Furthermore, the dummy variable DAMAGE is derived from the judge’s motivation 

of the verdict and indicates his perception on the level of harm caused. DAMAGE equals 1 if 

the text mentions at least one of the terms ’damage’, ‘lack of respect’, ‘pollution’ or 

‘contamination’. We also include a count variable for the number of proven offenses, which 

we call OFFENSES. Next, we add the variable ‘POSITIVE action’ to indicate whether 

actions were undertaken by the defendant to mitigate the extent of environmental damages 

caused, or to reduce the level of the environmental risk in the ‘no harm’ case. In 

administrative enforcement, we use the same variables as in the criminal track except that 

NATURE & CIVIL PARTY are dropped. This is for reasons of insufficient observations and 

because it is not possible to present yourself as a civil party in administrative cases. In 

contrast, we do include the variable ASBESTOS for the administrative enforcement cases 

dealing with environmental ‘risk’. This dummy variable indicates whether the offense 

involved the toxic substance asbestos thus causing serious environmental risk as well as 

health risks. Therefore, this variable can be interpreted as a proxy for high risk behavior.  
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Further, we include variables to control for the type of offender, for the type of contamination 

caused, for the jurisdiction where the court case is taking place (for the criminal cases only) 

and for possible time variations. The type of offender can be a legal entity (FIRM), an 

individual charged within his/her professional capacity (PROF), or an individual charged 

within his/her private capacity. To control for type of contamination we include four 

dummies: WASTE indicates violations related to illegal waste disposal, NOISE indicates 

violations related to noise nuisance, SOIL-WATER indicates soil or water pollution offenses 

and ODOR-AIR indicates violations that are related with odor or air pollution problems. The 

regional and time dummies are also included.  

4 Estimation 

First, we briefly discuss the estimation method and next we present the results from the 

estimations for the criminal and administrative environmental sanctions. The main 

coefficients that we are interested are those for the variables INTENT & REPEAT. We expect 

to find higher penalties for intentional violations as well as for repeat offenders. 

4.1 Estimation method 

We estimate four regression models: two for each enforcement track and two for 

distinguishing between the ‘harm’ and the ‘risk’ cases. Remember that our focus is mainly on 

the ‘harm cases’. We include the results for the ‘risk cases’ as a benchmark. We estimate the 

four models using ordinary least squares with the level of the sanction as the dependent 

variable iS . Further, the judicial perception on offender intentionality is denoted as i  and the 

repeat offense dummy is iR . The control variables to take up (judge’s perception on) 

profitability and environmental harm are denoted by i
 

and by ih . The other control 

variables are concatenated in iX . Formally, the OLS regression function can thus be written 

down as: 
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 * * * * *i i i i i i iS C R h X u              

We also estimate a two-step regression model to evaluate the robustness of the OLS 

coefficients. We first estimate a probit model of the probability that a sanction is imposed, in 

which the error term i  is assumed to follow a standard-normal distribution:  

 Pr( 1| , , , , ) * * * * *i i i i i i i i i i i iSanction R h X C R h X                     

Next, we estimate the level of the imposed sanction, using the Inverse Mills Ratio i  as a 

correction term for possible sample selection bias (Heckman 1979). In this equation, the 

coefficient for i
 
equals the covariance between the standard error of the probit regression 

model and the error of this linear specification: 

 * * * * * * * *i i i i i i v i iS C R h X v                  . 

The results of the two-step estimation are not shown in the text, but can be found in Appendix 

B. 

4.2 Estimation results 

We start by discussing the empirical results of criminal enforcement. Our main focus will be 

on the results of the ‘harm’ cases, i.e. the violations where environmental damage was caused. 

The results for the ‘risk’ cases will be used as a benchmark.. Next, we turn to the empirical 

results of the administrative enforcement track, in which ‘harm’ and ‘risk’ cases are again 

separately analyzed. The main focus will again be on ‘harm’ cases. 

4.2.1 Criminal enforcement  

The estimation results for criminal enforcement of environmental offenses in Flanders are 

given in Table 11.  

Table 11: Estimation of criminal sanction level for ‘harm’ and ‘risk’ cases 

 

harm risk 

Dep Var #obs #obs 

LN(CRISANC) 1048 265 

Variables Coeff. (Std. Err.) Coeff. (Std. Err.) 

CONSTANT 4.453 (0.355)* 5.410 (0.620)* 

INTENT 0.280 (0.284) -0.378 (0.547) 

REPEAT 0.915 (0.254)* 1.991 (0.565)* 

PREWARN 1.645 (0.229)* 1.893 (0.562)* 
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GAIN 1.730 (0.269)* 2.565 (0.565)* 

LNFORFEIT 0.242 (0.038)* 0.117 (0.075) 

HEALTH 1.361 (0.381)* 

 NATURE -0.653 (0.439) 

 DAMAGE 0.523 (0.212)** 0.708 (0.590) 

CIVIL PARTY 0.760 (0.241)* 

 OFFENSES 0.101 (0.049)** -0.106 (0.111) 

POSITIVE -1.412 (0.238)* -1.264 (0.502)** 

WASTE 0.604 (0.269)** 

 NOISE 

 

-0.201 (0.500) 

SOILWATER -0.527 (0.297) 0.083 (0.580) 

ODORAIR 0.431 (0.360) 

 PROF -0.467 (0.237)** -1.332 (0.448)* 

FIRM 0.916 (0.295)* -0.226 (0.545) 

GENT -0.158 (0.232) 0.414 (0.548) 

OUDENAARDE -0.062 (0.366) -1.488 (1.724) 

KORTRIJK -1.185 (0.404)* -0.354 (0.640) 

BRUGES -0.994 (0.390)** -2.824 (0.638)* 

WESTHOEK 0.148 (0.356) -0.699 (0.673) 

Y04 -0.218 (0.279) -0.723 (0.508) 

Y05 0.458 (0.260) 0.520 (0.569) 

Y06 -0.009 (0.257) -0.207 (0.545) 

adj. R² 0.300 0.373 

** indicates statistical significance at 1% level,  

* indicates statistical significance at 5% level 

 

In the regression model for harmful environmental violations, we find that repeat offenders 

receive higher penalties that first-time violators. This can be seen through the coefficient of 

the variables REPEAT and PREWARN, which are both significant at a 5% statistical 

significance level. The INTENT variable is positive, but is not statistically significant. These 

results provide support for the interpretation that a judge in court wants to penalize intentional 

violations, but that it is difficult to measure this in a direct and objective way. It is therefore 

possible that he uses the repeated violations as a signal for non-precautionary behavior and 

thus punishes intent in an indirect way. We also find that the coefficients for the ‘risk’ cases 

are similar to those for the harmful violations. Only the INTENT variable has a negative 

coefficient, but again non-significant.  
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With respect to the other variables, which were mainly included to control for omitted 

variable bias, we find that more profitable violations as well as more harmful offenses are 

both reasons to impose higher sanctions. We also find that violations related to illegal 

WASTE treatment are punished harder and that FIRMS receive higher penalties that 

individuals. Finally, we also observe some heterogeneity in punishment levels between 

different jurisdictions. 

Looking at the decomposition of the estimation into the probability of being penalized and the size of 

the penalty, as shown in Table 14 of Appendix B, we see that the significant effect for the REPEAT 

variable is mainly due to an increase in the sanction probability, rather than in the sanction level. The 

occurrence of previous warnings leads both to a higher sanctioning probability and a higher penalty 

level. 

4.2.2 Administrative enforcement 

We now address the regression results for the administrative enforcement track, which are 

outlined in Table 12. 

Table 12: Estimation of administrative sanction level  

for the ‘harm’ and ‘risk’ cases 

 

harm risk 

Dep Var #obs #obs 

LN(ADMSANC) 276 334 

Variables Coeff. (Std. Err.) Coeff. (Std. Err.) 

CONSTANT 1.378 (0.700)** 3.454 (0.720)* 

INTENT -1.301 (0.682) -0.737 (0.474) 

REPEAT 1.749 (0.393)* 0.548 (0.486) 

PREWARN 0.425 (0.422) 0.747 (0.330)** 

TECHNICAL -1.031 (0.457)** 

 HEALTH 1.803 (0.388)* 

 ASBESTOS 

 

1.143 (0.490)** 

OFFENSES 0.109 (0.027)* 0.054 (0.047) 

POSITIVE -1.792 (0.299)* -3.312 (0.309)* 

WASTE 

 

0.827 (0.362)** 

SOILWATER -0.311 (0.471) 

 ODORAIR 0.494 (0.520) -0.280 (0.590) 

PROF 2.076 (0.646)* -0.036 (0.701) 

FIRM 2.405 (0.631)* 0.573 (0.673) 

Y05 0.179 (0.425) 0.769 (0.349)** 

Y06 0.070 (0.432) 0.854 (0.382)** 

adj R² 0.557 0.351 

** indicates statistical significance at 1% level, * at 5% level 
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For the administrative ‘harm’ cases, we find again that REPEAT offenders receive 

significantly higher penalties, whereas the INTENT variable is non-significant. The rationale 

seems to be similar to that in the criminal enforcement cases: repeat offenses are interpreted 

as a signal for the inappropriateness of precautionary measures taken and therefore 

additionally penalized. Additional support for this interpretation can be found in the fact that 

REPEAT offenses do not lead to higher penalties for the ‘risk’ cases, in which no 

environmental damages were caused yet. Also, the fact that environmental damages resulting 

from some TECHNICAL failure provides support from this interpretation, because the share 

of accidental incidents will be higher among the offenses driven by some technical failure. 

Again, we find that more damaging violations lead to higher penalties. This observation is in 

line with the results for criminal enforcement. We also find that firms receive tougher 

punishments than individuals.  

The decomposition of the penalty into a penalty probability and a penalty level, as shown in Table 16 

of Appendix B, indicates that for REPEAT offenders both the probability of punishment and the 

penalty level are higher. If previous warnings were given, the penalty level is higher in administrative 

enforcement but not the punishment probability. Also, the main effect of a TECHNICAL failure is to 

diminish the punishment probability, rather than to affect the penalty level.  

4.3 Discussion of the results 

In sum, we find that REPEAT offenders and the occurrence of previous warnings 

(PREWARN) prior to the violation, lead to significantly higher penalties in environmental 

enforcement cases. This holds both for criminal and administrative enforcement. In contrast, 

the variable INTENT is not statistically significantly different from zero. This supports the 

interpretation of our theoretical analysis, namely that judges and administrative punishment 

officials mainly want to penalize intentional violations (i.e. offenses that were caused by a 

lack in precautionary effort) but that it is difficult to measure intent in a direct and objective 

way. Therefore, they prefer to base their punishments on more objective criteria such as the 

fact that a defendant is a repeat offender or that he received warnings prior to the violation 

taking place.  
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With respect to the other explanatory variables, we find that more profitable offenses receive 

higher penalties and also to more damaging violations are punished harsher. Also, firms are 

being given higher sanctions than individuals. 

5 Conclusion 

In the theoretical analysis, we developed a model to understand how repeat offenses can be 

used as a mechanism for a judge or enforcement official to learn about unobservable 

precautionary behavior by individuals or firms. We show that it is rational to impose higher 

penalties for repeat offenders because the likelihood that these violations are caused by 

chance is relatively low. 

In practice, courts and administrative enforcement authorities in Belgium give repeat 

offenders higher sanctions that first-time offenders. In addition, violators who were given 

warnings previous to the violation are also penalized harsher. We found no statistical 

evidence, in contrast, that the variable INTENT had any direct effect on punishment 

decisions. This is in line with the predictions of our theoretical model. 
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Appendix A 

We compare differences in maximum fines with differences in maximum imprisonment 

sentences for different regulations, to deduce the implicit monetary value that the legislator 

assigns to prison sentences. We derive monthly monetary values to compare different 

regulations. The results are shown in Table 13 for different regulations included in our 

database (Billiet et al. 2009).  

 

Table 13: Overview of different environmental regulations in Belgium  

with their minimal and maximal penalties 

Act  

(Year) 

Maximum 

fine  

natural body 

(1) 

Maximum  

fine  

legal body  

(2) 

Implied monetary 

value of prison 

sentence  

(3)=(2)–(1) 

Implied monetary 

value of monthly 

prison sentence 

(4)=(3)/# months 

Surface Water 

Decree  

(1971) 

€27,500 €66,000 6 months  

= €38,500 

€6417 

Noise Decree 

(1973) 

€27,500 €66,000 6 months  

= €38,500 

€6417 

Waste Decree 

(1981) 

€55,000,000 €110,000,000 5 years  

= €55,000,000 

€916,667 

Groundwater 

Decree  

(1984) 

€660,000 €55,000 5 years  

= €605,000 

€10,083 

Environmental 

Permit Decree 

(1985) 

€550,000 €1,100,000 1 year  

= €550,000 

€45,833 

Fertilizer 

Decree  

(1991) 

€275,000 

 

€412,500 

 

€550,000 

€550,000 

 

€825,000 

 

€1,100,000 

2 months  

= €275,000 

6 months  

= €412,500 

1 year  

= €550,000 

€137,500 

 

€68,750 

 

€45,833 

Soil Clean-up 

Decree  

(1995) 

€55,000,000 €110,000,000 5 years  

= €55,000,000 

€916,667 
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The monetary value of a monthly prison sentence decreases with the length of the total prison 

sentence imposed. The additional deterrence effect of an effective imprisonment sentence is 

likely to be the strongest for the first months of a prison sentence and to marginally decrease 

for an additional month in case of a sentence of a longer duration. This logic is also apparent 

in the table above in the sentences for violation of the Fertilizer Decree. Thus, we estimated 

the following function to assign a monetary value to a marginal increase in the prison 

sentence:   0.497100,000MarMonEq month  .  
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Appendix B 

Here we define a variable PROBCRIM equal to one if the judge imposed an effective 

sanction on the defendant and equal to zero if the verdict was postponed. The variable 

PROBADM equals one if an administrative fine was imposed and is zero otherwise. 

 

Table 14: Two-step regression model for criminal ‘harm’ cases,  

using Heckman’s correction for sample selection 

 

PROBIT SELECTION 

Variables 

Dep Var  #obs Dep Var #obs 

PROBCRIM   1048 LNCRISANC 920 

Coeff. (Std. Err.) Coeff. in selection group (Std. Err) 

ONE 0.938 (0.230)* 5.496 (0.487)* 

INTENT 0.047 (0.189) 0.292 (0.242) 

REPEAT 0.767 (0.231)* 0.453 (0.358) 

PREWARN 0.714 (0.198)* 1.181 (0.338)* 

GAIN 0.601 (0.222)* 1.424 (0.322)* 

LNFORFEIT -0.014 (0.026) 0.231 (0.033)* 

HEALTH 0.904 (0.366)** 0.770 (0.464) 

NATURE -0.492 (0.269) -0.196 (0.439) 

DAMAGE 0.179 (0.143) 0.439 (0.194)* 

CIVIL PARTY 0.296 (0.169) 0.607 (0.237)** 

OFFENSES 0.000 (0.028) 0.151 (0.048)* 

POSITIVE -0.392 (0.137)* -1.216 (0.275)* 

WASTE 0.503 (0.167)* 0.104 (0.324) 

SOILWATER -0.021 (0.182) -0.469 (0.261) 

ODORAIR 0.301 (0.256) 0.064 (0.334) 

PROFESSIONAL -0.123 (0.149) -0.444 (0.209)** 

FIRM 0.252 (0.193) 0.796 (0.275)* 

GENT -0.085 (0.149) -0.179 (0.200) 

OUDENAARDE -0.141 (0.226) 0.072 (0.321) 

KORTRIJK -0.009 (0.241) -1.329 (0.351)* 

BRUGES -0.117 (0.239) -1.172 (0.347)* 

WESTHOEK -0.167 (0.223) 0.286 (0.313) 

Y04 -0.391 (0.180)** 0.134 (0.288) 

Y05 -0.093 (0.178) 0.455 (0.223)** 

Y06 -0.428 (0.169)** 0.275 (0.281) 

LAMBDA 

 

-0.106 (1.229) 

Correct % (Benchmark) 

69.37% 

(88%) 

Adj R² 0.320 

Correct 1 % 69.13%  

Correct 0 % 71.09%  

** indicates statistical significance at 1% level, * at 5% level 
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Table 15: Two-step regression model for criminal ‘risk’ cases, 

using Heckman’s correction for sample selection 

 

PROBIT SELECTION 

Variables 

Dep Var  #obs Dep Var #obs 

PROBCRIM 265 LNCRISANC 196 

Coeff. (Std. Err.) Coeff. in selection group (Std. Err.) 

ONE 1.530 (0.357)* 6.829 (0.559)* 

INTENT 0.390 (0.334) -0.743 (0.588) 

REPEAT 1.513 (0.473)* 1.079 (0.973) 

PREWARN 1.050 (0.407)** 1.040 (0.794) 

GAIN 

 

1.594 (0.442)* 

LNFORFEIT -0.021 (0.040) 0.130 (0.096) 

DAMAGE 0.114 (0.365) 0.660 (0.572) 

POSITIVE -1.012 (0.283)* -0.737 (0.799) 

OFFENSES 0.054 (0.063) -0.144 (0.122) 

NOISE 0.184 (0.324) -0.667 (0.466) 

SOILWATER -0.343 (0.299) -0.056 (0.629) 

PROFESSIONAL -0.692 (0.261)* -0.810 (0.591) 

FIRM -0.224 (0.318) 0.126 (0.526) 

GENT -0.438 (0.325) 0.856 (0.569) 

OUDENAARDE -1.557 (0.893) 0.558 (1.903) 

KORTRIJK -0.082 (0.395) -1.064 (0.580) 

BRUGES -1.333 (0.343)* -2.732 (1.095)** 

WESTHOEK -1.175 (0.348)* 0.572 (1.051) 

Y04 -0.083 (0.289) -0.613 (0.504) 

Y05 0.119 (0.316) 0.889 (0.550) 

Y06 -0.022 (0.309) 0.889 (0.527) 

LAMBDA 

 

-1.555 (1.199) 

Correct % 

(Benchmark) 

83.6% 

(74%) Adj. R² 0.361 

Correct 1% 84.2%  

Correct 0% 78.3%  

** indicates statistical significance at 1% level, * significance at 5% level 

 

Table 16: Two-step regression model for administrative ‘harm’ cases,  

using Heckman’s correction for sample selection 

 

PROBIT SELECTION 

Variables 

Dep Var  #obs Dep var #obs 

PROBADM 276 LNADMSANC 216 

Coeff.  

(Std. Err.) 

Coeff. in selection group  

(Std. Err.) 

ONE -0.554 (0.501) 2.905 (0.599)** 

INTENT -0.853 (0.435) -0.313 (0.477) 

REPEAT 0.921 (0.412)* 1.136 (0.255)** 

PREWARN -0.152 (0.292) 0.747 (0.267)** 
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TECHNICAL -0.657 (0.327)* -0.006 (0.315) 

HEALTH 1.407 (0.301)** 0.076 (0.353) 

OFFENSES 0.037 (0.024) 0.101 (0.064) 

POSITIVE -1.387 (0.272)** -0.303 (0.302) 

SOILWATER -0.109 (0.326) 0.307 (0.306) 

ODORAIR 0.303 (0.374) -0.746 (0.338)* 

PROFESSIONAL 1.194 (0.471)* 1.276 (0.480)** 

FIRM 1.088 (0.452)* 1.714 (0.479)** 

AIRPLANE 0.590 (0.462) 1.588 (0.292)** 

Y05 0.154 (0.305) 0.286 (0.263) 

Y06 0.208 (0.320) 0.147 (0.267) 

LAMBDA 

 

1.217 (0.466)** 

Correct % 

(Benchmark) 

85.5% 

(78%) 

Adj R² 0.686 

Correct 1% 86.6%  

Correct 0% 81.7%  

** indicates statistical significance at 1% level, * significance at 5% level 

 

Table 17: Two-step regression model for administrative ‘risk’ cases,  

using Heckman’s correction for sample selection 

 

PROBIT SELECTION 

Variables 

Dep Var  #Obs Dep Var #Obs 

PROBADM  334 LNADMSANC 183 

Coeff. (Std. Err.) Coeff. in selection group (Std. Err.) 

ONE -0.004 (0.415) 5.926 (0.351)* 

INTENT -0.519 (0.263)** 0.111 (0.188) 

REPEAT 0.095 (0.269) 0.531 (0.112)* 

PREWARN 0.342 (0.177) 0.156 (0.126) 

ASBESTOS 0.702 (0.281)** -0.098 (0.222) 

POSITIVE -1.505 (0.166)* -0.060 (0.479) 

OFFENSES 0.015 (0.023) 0.052 (0.015)* 

WASTE 0.421 (0.194)** 0.106 (0.155) 

ODORAIR -0.088 (0.352) -0.111 (0.139) 

PROFESSIONAL -0.017 (0.406) 0.207 (0.189) 

FIRM 0.310 (0.393) 0.243 (0.204) 

Y05 0.437 (0.191)** -0.003 (0.156) 

Y06 0.481 (0.209)** 0.043 (0.168) 

LAMBDA 

 

0.221 (0.386) 

Correct % 

(Benchmark) 

78.1% 

(55%) 

Adj R² 0.263 

Correct 1% 79.8%  

Correct 0% 76.2%  

** indicates statistical significance at 1% level, * significance at 5% level 
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Chapter 4: Statistical matching to evaluate 
environmental law enforcement 

1 Introduction 

The aim of this paper is to contribute to the debate on the relative costs and benefits of using 

criminal or administrative enforcement for environmental policy. Svatikova (2012) gives an 

overview of environmental law enforcement in different European countries. While several 

countries where criminal enforcement dominated, such as for instance the UK and Belgium, 

recently moved towards more administrative enforcement, the official policy of the EU puts 

an outspoken emphasis on the increase of the use of criminal enforcement, aiming at the 

strengthening of enforcement systems that relied strongly on administrative enforcement. 

(EC, 2008). The overall picture emerging form those developments is a general move towards 

complementary criminal/administrative enforcement systems (Billiet, 2012). We present an 

empirical study using enforcement data from Belgium. in which we analyze a complementary 

criminal/administrative enforcement system, and compare it to the sole use of criminal 

enforcement. As for any enforcement policy, the main benefit of deterrence is its capacity to 

prevent individuals/firms who plan on breaching the law from doing so
19

. According to the 

classic law & economics rational crime model, which was first introduced by Becker (1968), 

higher deterrence leads to a higher compliance rate
20

. This is beneficial for social welfare 

under the condition that the regulatory framework is well-designed and promotes efficiency, 

as emphasized by a.o. Svatikova (2011). On the other hand, arguments can be brought up to 

support effective enforcement even of inefficient regulations; namely fairness-concerns or 

ensuring a level playing field for instance. In this paper, we will generally assume that the 

regulations to be enforced are reasonable and desirable and thus that social welfare is 

promoted by enforcing them
21

. In the context of environmental regulations, the empirical 

evidence for the importance of an effective monitoring and enforcement policy (including 

inspections and sanctions) is vast. An overview of this evidence is given by Gray & 

                                                      
19

 While ‘deterrence’ should not be seen as the only goal of an enforcement policy, it does remain an important 

component in providing sufficient incentives to prevent individuals/firms from breaching the law. 
20

 For an overview of later theoretical literature extending the economic optimal law enforcement framework, 

one should consult Garoupa (1997) or Polinsky & Shavell (2007). For a view on empirical literature, which 

mainly corroborates the basic deterrence model for the criminal enforcement context, one can consult Levitt & 

Miles (2007).  
21

 Other reasons may be invoked to argue that higher regulation enforcement should promote social welfare, such 

as promoting (retributive, restorative or distributive) ‘justice’ and ensuring a ‘level playing field’ for all market 

participants. 



Statistical matching 

67 

 

Shimshack (2011). They argue that an effective monitoring and enforcement regime has been 

a key factor in the improvement of environmental quality over past decades. In contrast, the 

evaluation of voluntary, informational and cooperative compliance systems seems to have 

provided mixed results. Therefore, they argue that the alternative regulatory strategies can, for 

now, at best be considered as a useful complement to an effective inspection and punishment 

regime. 

However, the question on which enforcement path is most appropriate for environmental 

offenses, criminal or administrative, is still on the table. Several policy papers, such as 

Hampton (2005) and Macrory (2006) for the UK, argue that, in practice, exclusive reliance on 

criminal enforcement is not the most cost-effective path for environmental regulation 

enforcement. They found the UK system, with its dominant criminal enforcement, to be 

inefficient, costly and time-consuming. The effect is low punishment probabilities, low 

expected financial penalties and poor deterrence of true criminals. Another paper by Bowles 

et al. (2008) addresses the conditions under which criminal enforcement is the most effective 

enforcement system and it is unlikely that this is the case for all environmental offenses. The 

EU enforcement policy, on the other hand, stresses that enforcement systems without a 

criminal track have not been able to achieve a sufficient protection of the environment. 

Criminal penalties are needed because they are more dissuasive (EC, 2008). 

What are the advantages of using (more costly) criminal enforcement instead of (cheaper) 

administrative enforcement? As a normative benchmark, the concept of the enforcement 

pyramid (Ayres & Braithwaite, 1995) is quite useful. This concept states that only the 

offenders who commit the most serious and harmful violations should be criminally 

prosecuted, while less serious offenses can be dealt with using administrative enforcement. 

And the largest group of small offenders may be treated in a rather co-operative way, using 

the possibility of administrative warnings. The main goal of criminal prosecution is 

deterrence, given that only the most serious cases should, in principle, be taken to court. To 

achieve this goal, punishment instruments seem to be more effective in criminal courts given 

that all punishment tools (such as closure of firms and imprisonment of persons) are put at the 

judge’s disposal. Bowles et al. (2008), apply an economic approach to assess which case 

characteristics make criminal or administrative enforcement more efficient. They state that it 

is better to use the criminal enforcement system in cases concerning large scale damages, 

because the damages caused are disproportionate compared to prevention costs or when 

behavior of the offender exceeds socially acceptable boundaries. Additionally, criminal 
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penalties should also be preferred in situations where detection probabilities are low. There is 

also good reason to use criminal enforcement when the defendant is judgment-proof by lack 

of financial means, namely to provide marginal deterrence through prison sentences. Finally, 

criminal enforcement is more appropriate if high accuracy is required. The aim of the 

additional procedural safeguards of criminal enforcement and high burden of proof is 

precisely to prevent legal mistakes. In contrast, Bowles et al. (2008) also evaluate a number of 

disadvantages associated with criminal enforcement. They see it as less appropriate in 

enforcement policy areas where the possibility of over-deterrence exists (which may be the 

case for environmental offenses in contrast to, for example, murder or rape), when high 

standards of evidence lead to a disproportionate increase in enforcement costs, if 

specialization of an enforcement body is needed or when a lot of flexibility is required in the 

enforcement procedures
22

. Much attention has also been given to the potential deterrence 

effect of social stigma, associated with criminal convictions. Shavell (1993) considers this as 

one of the important virtues of criminal law. Rasmusen (1996) also stresses private 

punishment, following from social stigma, as an important deterrence effect. Funk (2004) 

shows that social stigma may also have negative consequences, through increased possibility 

of recidivism and thus more criminal behavior. Finally, Galbiati & Garoupa (2007) analyze 

why social stigma is more often associated with criminal conviction than with an 

administrative penalty. The reason is that criminal conviction is harder to obtain and thus 

provides a more reliable signal about someone being guilty.  

Our aim in this paper is to evaluate how a complementary criminal/administrative 

enforcement system compares to a single-track criminal enforcement system in terms of the 

penalties that they administer for similar offenses. Is it the case that there are wide disparities 

between both systems or do they actually perform quite similarly? Svatikova (2011) is the 

first, to our knowledge, to analyze the relative performance of different enforcement systems 

in terms of their effect on (economic) welfare. She develops a formal model to compare the 

use of a criminal enforcement system only, with a complementary criminal/administrative 

enforcement system. She needs to make a few critical assumptions in her theoretical analysis 

on how the complementary system affects deterrence. According to the basic deterrence 

model, potential violators will offend the law as long as the expected sanction is lower than 

the benefit obtained. Formally, with p  defining the probability of a penalty and F  the 

penalty level, they violate if: p F Benefit  . A first assumption that she makes is that the 
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 Another overview of legal and economic conditions for applying criminal or other types of enforcement 

procedures can be found in Cooter & Ulen (2007). 
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probability that some penalty is imposed is higher in a complementary (criminal/ 

administrative) prosecution system than under a criminal enforcement system, for similar 

offenses. This assumption is quite plausible (Macrory, 2006) and also seems to be 

corroborated by the available empirical evidence for Belgium (LNE, 2009). Secondly, she 

assumes that the marginal penalty is equal in an administrative and a criminal enforcement 

track. This implies that penalties for similar offenses are more or less equal. Combining both 

effects, Svatikova concludes that introducing administrative enforcement leads to higher 

deterrence, because of higher expected penalties. She adds that the impact on social welfare 

largely depends on the efficiency of the regulation to be enforced. So in terms of deterrence, 

the hypothesized effect of moving to a complementary enforcement system can be 

summarized as follows: 

   #p p F violations     

In this paper, we focus on measuring the relative difference in deterrence between both 

enforcement systems for similar types of offenses. We think that there is a lack of research on 

the (absence of a) treatment difference between criminal and administrative penalization for 

environmental violations. Therefore, it seems to us that the equality of penalties in both 

enforcement tracks has been assumed without much foundation. This leads us to our main 

research question: Is there any difference between the penalty imposed in criminal and 

administrative prosecution for similar violations? And how large is this difference? 

We restrict our attention to a comparison of the monetary penalties imposed through different 

enforcement systems. Thus, we abstract from issues such as social stigma and non-monetary 

penalties. This is mainly for feasibility reasons, as it is very difficult to exactly measure social 

stigma. Moreover, the use of non-monetary penalties is much more restricted in 

administrative than in criminal enforcement which makes a comparison difficult. However, 

this restriction should not be overstated for environmental enforcement because imposition of 

non-monetary penalties does not occur frequently and it was argued before that the social 

stigma effect is not very strong.  

We employ econometric tools to measure the relative treatment difference between both 

enforcement tracks. It is generally known that sample selection bias is often a serious concern 



An Economic View on Environmental Law Enforcement 

70 

in this type of empirical legal analysis
23

. The empirical researcher would ideally want to use a 

randomized design to make correct inferences such as in Ashenfelter (1995) or Telle (2012). 

Unfortunately, randomization may not always be available or feasible. Our empirical strategy 

consists of identifying and matching similar cases where similarity is based on a set of 

explanatory variables. Then, we measure treatment differences between criminal and 

administrative enforcement using our matched pairs. We will also conduct other empirical 

strategies, such as Ordinary Least Squares or other matching techniques, for robustness 

analysis. We use a unique dataset of Belgian environmental law enforcement cases, in which 

penalties are imposed by judges and administrations for environmental offenses in the period 

2003-2007. 

The use of matching in making policy inferences when only observational data is available is 

well established in the field of economics, in particular in evaluation of labor market 

programs
24

. However, to our knowledge, the application of matching in the context of 

empirical legal studies is relatively scarce. Therefore, we think that this paper can be 

innovative in the econometric analysis of legal systems. In particular, it can provide a way to 

take sample selection bias into account, which is prevalent in empirical legal analysis.  

The outline of this paper is as follows. We start in section 2 by giving some general 

information on our dataset and the legal context for environmental enforcement in Belgium. 

In section 3, we present our methodology and empirical strategy, in section 4 the definition of 

the variables used. In section 5, we discuss the results and we conclude in section 6. 

2 Data and legal context 

How representative is our empirical analysis for environmental regulation enforcement in 

other countries/jurisdictions? We think our analysis is relevant since, as discussed above, an 

increasing number of Western European countries uses a mix of administrative and criminal 

enforcement regimes. For a more general overview, including country studies, one may 

consult a recent report by the OECD (2009). The OECD study concludes that national 

enforcement strategies are often substantially different and also often culturally dependent 

(e.g. stricter enforcement in Russia than in Finland). In this report, international comparisons 
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 Gray & Shimshack (2011) argue that selection bias is also a serious issue in analyzing environmental 

enforcement effectiveness as an effective environmental regulator can lead to a low number of offenses being 

committed. This could give the impression that the regulator is doing a bad job.  
24

 For an overview of the theoretical literature on statistical matching, one can consult Heckman et al. (1999) or 

Imbens & Wooldridge (2009). For an interesting application in regulatory impact analysis, see Milimet & List 

(2004). For some applications of matching methodology in the context of environmental economics, one can 

have a look at Greenstone (2004), Ferraro et al. (2007) or Deng et al. (2011).  
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are also often blurred by a sample selection effect. For instance, if one compares average 

criminal penalties between USA (about €178,000) with those in the UK (around €10,000), 

one gets the impression that courts in USA are much stricter. However, comparing these 

numbers leads to biased results, because environmental cases only seldom go to criminal 

enforcement. Thus, it is clear that sample selection entails that comparing legal regimes in 

terms of treatment effects is not straightforward.  

In this section, we start with a description of our dataset. Next, we describe the environmental 

enforcement process in Belgium.  

2.1 Data  

We use a restricted version of the enforcement dataset, described in chapter 1. An overview 

with some key figures of the dataset is given in Table 18. 

Table 18: Descriptive statistics of our dataset 

 # cases # defendants #firms #convictions #postponed #acquitted 

Court  

cases 

1034 1617 251 189 32 30 

Administrative 

cases 

624 437 262 174 81 7 

 

As the sanctions are imposed per defendant, not per prosecution case, our observations for the 

empirical analysis concern the numbers of defendants. Multiple defendants can be accused in 

one single court case. This explains the increase in the number of observations for criminal 

enforcement. The decrease of the number of defendants in the administrative cases is caused 

by excluding the cases dealing with noise that is caused by airplane flights. They represent a 

specific regional effect that we want to exclude from our analysis.  

We further restrict our sample to include firms only. The reason is, once again, to improve 

comparability between administrative and criminal cases in our dataset. In criminal 

prosecution law there are powerful incentives to prosecute natural persons who are involved 

in an environmental crime together with the legal persons involved. Therefore, in the criminal 

enforcement path, a significant share of defendants consists of natural persons. Similar 

incentives are not present in the administrative track, which thus mainly prosecutes legal 

persons. Since penalties on legal persons are typically much higher than those on natural 

persons, it is clear that focusing on firms in our analysis significantly improves comparability.  
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Judges decide in each case between conviction, acquittal and postponement of the verdict. 

Acquittal is only possible if either the offense or the culpability of the defendant could not 

sufficiently be proven. Postponement actually means that the case is closed without penalty, 

because the judge does not find the offense to deserve any penalty. Equivalent choices are 

available to the administrative penalization official. The only difference is that decisions in 

administrative enforcement are called conviction, technical acquittal and opportunity acquittal 

respectively
25

.  

It is mandatory to acquit defendants for which the offense could not sufficiently be proven, 

both in the administrative and the criminal track. The decision to acquit is thus not a choice 

that a judge/penalization official can make. Therefore, we exclude the acquittals in our 

empirical analysis to focus on treatment differences caused by issues over which judges or 

penalization officials have discretionary decision power. In the end, however, we add a 

sensitivity analysis where we do include acquittals in our dataset to analyze whether 

differences in burden of proof affect our results. 

2.2 The criminal and the administrative tracks in a complementary 

relation: exploiting timing differences to learn about this relationship  
 

In Belgium the federal and regional legislators tend to combine criminal and administrative 

enforcement systems in a complementary way. The introduction of administrative fining 

systems is a key element in the legislative policy over recent years. This evolution has been 

made especially clear during the last 15 years, in environmental law as well as other policy 

fields. These complementary enforcement systems are often based on the example of the 

enforcement system introduced some forty years ago in labor and social security law. The co-

existence of the criminal and administrative penalization is organized using a priority rule that 

gives the priority to criminal penalization. The procedure starts with a notice of violation, 

documenting one or more particular offences, which is sent to the public prosecutor’s office. 

The public prosecutor has a certain time window to decide on the treatment to give for the 

case: criminal prosecution, administrative fining prosecution, a settlement offer or dismissal 

of the case. Note that the public prosecutor’s role is thus somehow to act as a playmaker. 

When he decides to keep away from criminal procedures, the case can be transferred to an 

administrative fining official. The competence of this official to impose a fine only arises 

after the prosecutor has decided not to pursue criminal penalization. 
                                                      
25

 Henceforward we use the word ‘acquittal’ to designate the acquittals in the criminal track as well as the 

technical acquittals in the administrative track. When speaking about the opportunity acquittals in the 

administrative track, we use the words ‘opportunity acquittal’.  
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The competence of the fining official in this type of procedure is twofold. The official can 

impose a fine if he considers that the offense and the culpability for the offense are 

sufficiently proven. However, he is not obliged to impose a fine. He can also choose to close 

the case without fining the offender for opportunity reasons (opportunity acquittal). Beyond 

this first decision, to punish or not, the fining official who decides to punish also has the 

competence to decide on the level of the penalty, anywhere between a maximal and a minimal 

fine. These competences of the fining official are somehow parallel to the competence that a 

formal judge has in this matter. The main difference is that some additional sanctioning tools 

are available to the judge, such as prison sentences for natural persons, forfeiture of illegal 

gains, etc.  

This is the description of a typical Belgian complementary criminal/administrative 

enforcement system, such as has been introduced in the Brussels-Capital Region in the year 

1999 for controlling environmental crime. The system has also been introduced in the Flemish 

and Walloon Regions. However, this only happened years later, in the year 2009. Before that, 

the choice set of the public prosecutor in both of those regions was limited to: criminal 

prosecution, settlement proposal or opportunity dismissal. We exploit this difference in timing 

by comparing the treatment of cases administered in the Flemish Region, where an ‘old 

enforcement system’ was still in place, with the cases in Brussels, where a ‘new enforcement 

system’ was already operational. Our goal is to compare the criminal and administrative 

penalties within the framework we just sketched, in order to assess whether both enforcement 

systems are similar in their treatment of environmental offenders.  

3 Methodology 

In this section, we explain our empirical strategy. Our aim is to estimate the average 

difference between the treatment of defendants in the administrative and in the criminal track. 

From now on, when we refer to the ‘treatment group’, we mean the group of administrative 

cases; these are the cases that may receive administrative treatment in the Brussels Region 

instead of criminal enforcement. The ‘control group’ is a set of criminal cases in the Flemish 

Region. These are used as a benchmark to evaluate what would have happened to the 
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administrative defendants if they would have been criminally prosecuted. The relative 

difference between both groups is the average treatment effect for the treated
26

.  

3.1 Comparison of means 

If cases were to be assigned randomly to ‘treatment’ and to ‘control’, we could simply 

compute the average penalties imposed in both groups and calculate the difference to estimate 

the average treatment effect.  However, it is likely that there is a selection bias in treatment 

assignment. The reason for the selection bias is the role of the public prosecutor the key 

player who decides which cases require a criminal procedure and which cases can potentially 

be left to the administrative enforcement (as explained in section 2.2). It is likely that, on 

average, more serious offenses are taken to court and that selection of the two groups is non-

random. Thus, we must be aware that we are analyzing different types of cases in the two 

tracks and that a simple means comparison is unlikely to give an accurate measurement of 

treatment effects. 

3.2 Ordinary Least Squares - linear model 

The most straightforward way to account for the sample selection bias would be to estimate a 

multivariate regression model using Ordinary Least Squares. In this model, we would include 

a dummy variable that indicates the treatment assignment along with other explanatory 

variables that can take account for non-random assignment of enforcement cases into the two 

groups (administrative and criminal enforcement). The benefit of a multivariate regression 

model is that it allows for a ‘ceteris paribus’ interpretation of each explanatory variable. 

Therefore, if we include all the relevant factors that can explain the non-random assignment 

of cases, we can interpret the coefficient on the treatment assignment dummy as the treatment 

difference between administrative and criminal enforcement. Inclusion of interaction terms of 

(some of) the covariates with the treatment indicator is particularly interesting to evaluate 

treatment differences that derive from differences in case characteristics, rather than from a 

different treatment effect. 

One of the downsides of the linear regression model is that it is difficult to evaluate how well 

the covariates control for the selection bias effect on the explanatory variable that we are 

interested in, namely the treatment assignment dummy. An OLS model optimizes the 

goodness-of-fit of the entire model by minimizing the sum of squared residuals. This means 
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 The terminology is thus similar to an experiment in medicine, for example, and should also be interpreted as 

such. In our context, we give the defendants a certain treatment, which is administrative enforcement, and 

compare the resulting penalties to those administered in the control group, the criminal cases. 



Statistical matching 

75 

 

that we can easily assess the goodness-of-fit of the entire model, using standard diagnostic 

statistics such as R² for example. However, it is difficult to evaluate how well our model 

controlled for the non-random treatment assignment on the treatment assignment variable. 

Moreover, the OLS model implicitly assumes common support for both treatment and control 

groups, as well as a linear correspondence for the relationship that we investigate. Finally, if 

we include the interaction terms (of the covariates with the treatment assignment indicator), 

we do not get the treatment effect as one number, but we have to calculate it using a number 

of estimated coefficients and taking their average level in the context of our dataset. We 

implement the fully interacted linear model by using the film-package in Stata, which was 

developed by Leuven & Sianesi (2003). 

3.3 Propensity score matching 

Given the emphasis of this paper on accurately measuring the treatment effect, we will also be 

using an estimation method through which we can explicitly evaluate the reduction in the 

sample selection effect. Propensity score matching allows us to match cases of different 

treatment groups, based on similarity with respect to a set of observable characteristics, and 

then measure the treatment effect for similar cases by calculating the difference in average 

treatment for these similar cases. Furthermore, these techniques also allow us to restrict the 

used observations of our dataset to the common support region (of treatment and control 

group) and allow for estimation of non-linear relationships.  

The idea of propensity score matching is to approximate a randomized control experiment 

using observational data. The identifying assumptions are the following. Firstly, the 

conditional independence assumption (or selection on observables assumption) states that we 

can find a list of explanatory variables X such that, conditional on the set X , the cases 

included in both treatment and control group only differ in some random component that does 

not affect the outcome variable Y . Let D  denote the treatment status ( 1D   if the case is 

going to administrative enforcement) and define 0Y  as the counterfactual outcome, i.e. the 

outcome if the case would remain untreated. The conditional independence assumption 

(informally referred to as ‘unconfoundedness’) can then formally be stated as:  

    0 0, 1 , 0E Y X D E Y X D   . 

Secondly, the common support assumption states that there should be a certain region 

(defined on the space of the explanatory variables X ) with common support. Formally: 
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  1 1P D X  . 

Matching methods may suffer from the ‘curse of dimensionality’ problem. This problem 

arises when the number of explanatory variables X  on which the matching is based becomes 

increasingly large. The solution to this problem is to estimate a propensity score (originally 

proposed by Rosenbaum & Rubin, 1983) which can then be used as a balancing score to 

assess similarity between different cases. The definition of a balancing score is that, 

conditional on this score, treatment is uncorrelated with all the explanatory variables. 

Formally: 

 X   D p X  

The propensity score can simply be estimated by regressing the treatment probability  1D   

on the set of explanatory variables X . Intuitively, what we do is to first estimate the factors 

which determine treatment assignment. Then, the estimated propensity score indicator acts as 

an aggregate indicator of the explanatory variables X . Thus, we implicitly do the matching 

of cases based on all the explanatory variables included in X
27

. The different variables are 

aggregated into one indicator  p X  in order to reduce the dimensionality problem.  

Smith & Todd (2005) provide a general overview of the conditions under which propensity 

score matching estimates generally provide accurate and unbiased estimation coefficients in 

the context of evaluation of labor market programs. They state that the estimates based on 

propensity score matching are sensitive to the variables included in the score model and also 

to the sample used for matching. They find that accurateness of propensity score matching is 

not universal, but should be assessed in each particular context. The most important criteria 

for application of propensity score matching are the following:  

 A rich set of covariates should be available to explain the selection decision and these 

should be included in the selection model.  

 There should be significant overlap between the treatment and the control 

observations in the dataset used.  

 The comparison group should be, if possible, drawn from the same geographical 

location as the treatment group. If this is not possible, preferably a difference-in-
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 We will check whether this aggregation in one measure  p X  has resulted in a balanced set for all of the 

covariates X . 
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difference matching estimator should be used to reduce geographic mismatch as much 

as possible.  

 Dependent variables should be measured in the same way for participants and non-

participants (this is the equivalent of the SUTVA, or stable unit treatment value 

assumption).  

We dispose of a relatively rich set of covariates to implement propensity score matching. This 

is definitely the case in the particular context of our application. In empirical legal analysis, 

data availability is generally quite limited. We dispose of micro-level case data that contain 

quite some amount of information on the individual cases.  

We also expect that there is significant overlap between both groups in terms of severity of 

the offense, which is caused by the difference in timing in the introduction of administrative 

enforcement competences. While these were introduced in the Brussels-Capital Region in 

1999, their introduction in the Flemish Region occurred only in 2009. At the time during 

which we collected our data, in 2003-2006, there is thus scope for significant overlap between 

the Brussels administrative cases and the Flemish criminal cases. The enforcement process in 

the period 2003-2006 is demonstrated graphically in Figure 1. 

The cases are entering a public prosecutor’s office at the top. We assume a representative time 

period and an ordering of violations in terms of seriousness. The prosecutor then makes a 

decision whether to proceed by using criminal prosecution (=C), using administrative 

prosecution (=A) or by awarding an opportunity dismissal or transaction offer (=D). The 

subscripts indicate the region in which the prosecutor is operating. We can thus expect some 

overlap between seriousness of criminal cases in Flanders and administrative cases in 

Brussels in the time window of our dataset 2003-2006
28

. A matching test allows us to check 

whether such overlap can indeed be found. We exploit this overlap to learn about treatment 

differences. Specifically, we obtain data for criminal cases in Flanders and administrative 

cases in Brussels (the zones represented in white in Figure 1), match similar cases and 

compare their treatments in the two enforcement paths.  

 

 

 

                                                      
28

 Gravity and seriousness refer to the same type of indicator. We will define this indicator more precisely further 

down in the text.  
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Figure 1: Graphical overview of enforcement decisions by a typical public prosecutor in Brussels and in 

Flanders  
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(C = Criminal enforcement, A = Administrative enforcement, D = opportunity dismissal/ transaction offer, F = 

Flanders, B = Brussels) 
 

The recommendation that treatment and control groups be drawn as much as possible from 

the same geographical area is not fulfilled in our context. Ideally, we would use a difference-

in-difference matching estimator to address the fact that enforcement processes are situated in 

different regions in our dataset, but this is not possible given the nature of our dataset being a 

cross-section. Thus, it is possible that part of the treatment result that we obtain is driven by a 

regional specific-effect, rather than by the treatment effect itself. Therefore, we must assess 

whether there might be any regional-specific characteristics which can potentially impair the 

results of our analysis. Firstly, are there any differences in the specification of the legislations 

themselves which are enforced in Flanders and Brussels? This is certainly not the case. In 

contrast, the environmental legislations which we consider in our dataset are highly similar. 

The foundation of environmental law in the different regions in Belgium originates from one 

common legislation which was uniform up to regionalization of the environmental 

competence in 1980. Furthermore, most recent legislation originates from European Union 

directives and regulations and should therefore also be very similar. Regarding enforcement 

legislation and practice, we note that the criminal code and criminal prosecution code are the 

same for the whole country. With respect to administrative enforcement, regional legislators 

tend to look at each other and base legislation on a similar model. From this, we can conclude 

that ex-ante there is no immediate reason to suspect that regional-specific effects will impair 

the results of our analysis. Thus, even though the condition that observations should be drawn 

from the same regional groups (as much as possible) was important in the context of Smith & 
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Todd’s labor market policy analysis, there is no direct indication to assume that this condition 

is as critical in our law enforcement context
29

. 

The fourth condition, concerning the measurement units of the dependent variable, is fulfilled 

if we focus only on the monetary component of the penalties imposed. This is somewhat of a 

restriction because the judge in a criminal court has a richer set of sanctioning tools 

(imprisonment and additional fines of individuals that are active at accused firms, closure of 

firms, forfeiture of illegal gains) at his disposal than his counterpart, the administrative 

penalization official. Therefore, we must bear in mind that by comparing fines between both 

enforcement tracks, we are only making a partial comparison of relative deterrence. However, 

we should not over-rate this restriction for a couple of reasons. Firstly, deterrence obtained 

through the threat of prison sentences in criminal enforcement is likely to be quite low in 

Belgium. The reason for this is that prison sentences of a duration of 3 years or less are not 

executed in Belgium due to lack of space in prisons. In practice, while we do find some prison 

sentences in our sample, not one was longer than 3 years. The deterrence potential of 

imprisonment in environmental cases is therefore relatively limited (see also Billiet & 

Rousseau, 2011). Secondly, while closure of a firm is an additional sanctioning tool at the 

judge’s disposal, we observe that this measure is often temporary and mainly serves as a 

rehabilitation mechanism, rather than as a deterrence mechanism. In addition, this penalty is 

imposed in only 5% of all cases (Billiet et al., 2009). Thirdly, the fine levied on the firm is the 

most substantial monetary component of the penalty, while the fine imposed on individuals is 

typically much smaller. The last additional type of penalty available in criminal and not in 

administrative enforcement is forfeiture of illegal gains. If this type of penalty is imposed it is 

often quite significant in monetary terms. However, it is also imposed relatively infrequently. 

Its application is limited to 5% of all cases (Billiet et al., 2009)
30

. Compare this to the 95% 

share of cases in which a fine is imposed as (part of) the penalty and we can conclude that our 

focus on a comparison of fines cannot be interpreted as overly restrictive.  

                                                      
29

 Furthermore, it should also be remembered that we can correct for regional divergences that are caused by 

regional differences in the type of contamination. If we include this information in the propensity score indicator, 

we can correct for a possible difference in relevance of a particular legislation/type of offense. It is clear, for 

example, that the legislation on manure may be more important for Flanders, which is partly a rural region, than 

for Brussels, which is exclusively an urban area. In addition, Billiet et al. (2009) have found that regional 

disparities in terms of the offended environmental regulations are not as large as one may intuitively expect. 

They observe that breaches of the environmental permit decrees and the waste decrees are quite common in both 

regions. Besides these, a large share of cases concern noise nuisance in both enforcement tracks. 
30

 Also, alternative penalties such as community service are applied in fewer than 2% of all cases. 



An Economic View on Environmental Law Enforcement 

80 

3.4 Mahalanobis-metric matching 

While matching cases based on propensity score values allows reducing the dimensionality 

problem by aggregating all information into one number, it is also possible to match cases 

using several characteristics on multiple dimensions. We then include a number of variables 

that can lead to selection bias into a vector X  and use the Mahalanobis distance to assess 

similarity between different cases
31

. Formally, the statistical (=Mahalanobis) distance can be 

expressed by: 

     1, i j i jd i j W W V W W 
  

. 

Where V  represents the variance-covariance matrix of  ,i jW W .  

We implement the matching procedure using the psmatch2-package in Stata which has been 

developed by Leuven & Sianesi (2003). 

4 Implementation of the methodology –  

variables & expected results 

In this section, we start by discussing the implementation of the empirical methodology. Then 

we highlight the independent and explanatory variables that we use in our estimations. 

Finally, we outline the results that we expect to obtain. 

4.1 Implementation of the empirical methodology 

We start by doing a simple means comparison to get an idea of the treatment difference 

without controlling for any selection bias effect. We then proceed with the estimation of the 

linear OLS model and compare the treatment effect with the one that we obtain by including 

interaction terms (of all covariates with the treatment indicator) in a fully interacted linear 

model. The coefficients on the interaction variables give an idea about which case 

characteristics lead to different enforcement outcomes. These interaction effects should be 

controlled for to accurately measure treatment effects. 

Then, we start with propensity score matching. We first estimate an auxiliary probit model to 

assess which case characteristics are generally considered as ‘gravity indicators’ by judges 

and prosecutors. If we can control for these ‘gravity indicators’, and compare cases which are 

considered as similar (to a certain extent) by judges, we can get an accurate measurement of 

treatment differences. In the auxiliary probit model we estimate which case characteristics 

                                                      
31

 It is well known that Mahalanobis-metric matching is particularly well suited for matching datasets which 

include many dummy variables, as is the case in our dataset. 
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lead to higher prevalence of imprisonment sentences. These characteristics can thus be 

considered as ‘gravity indicators’. We proceed by estimating another auxiliary probit model 

to construct the propensity score indicator. This can be done through a simple probit model in 

which the treatment indicator is the independent variable. Formally: 

   0
ˆ ˆP Adm X X    

 

The matching can be one-dimensional; matching will then be done according to propensity 

score values  p X . Or it can be multi-dimensional, using the propensity score  p X along a 

number of other variables X  and minimizing the statistical distance:   

         1, i j i jd i j W W V W W 
   .  

A balancing test allows us to assess the quality of the matching procedure. Basically, in this 

test we compare the average values for each of the explanatory variables (included in X ) in 

both treatment groups. If the balancing test shows that all the explanatory variables are 

balanced between treatment groups, we can finally calculate the average treatment difference 

(for similar cases) in our matched sample. 

We will end by doing a small sensitivity analysis in which we include acquittals in our 

dataset. Remember that we previously discarded these as acquittals are not within a judge’s 

discretionary decision power. The reasoning here is that (re-)including the acquittals allows us 

to evaluate whether the ‘burden of proof’ which is higher for criminal than for administrative 

cases. We can then evaluate whether, from an ex-ante perspective, defendants can still expect 

a different penalty in one enforcement track, taking burden of proof into account. A graphical 

explanation of this sensitivity analysis is given in Appendix A.  

4.2 Independent variables 

Our main independent variables will be AMOUNTALL and AMOUNTEFF. These variables 

represent the size of the monetary penalty that is imposed to guilty firms in administrative and 

criminal enforcement and will be used to evaluate treatment effects. Because part of this 

penalty can be imposed conditionally in criminal enforcement, we specify two different 

dependent variables for measuring the treatment effect. The variable AMOUNTALL 

represents the entire fine for criminal enforcement, while the variable AMOUNTEFF 

represents only the part of the fine that is effectively imposed (the unconditional part of the 

fine). As within the administrative track it isn’t possible to impose a conditional fine, both 
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variables represent the entire penalty for the cases that are going through that enforcement 

track. 

We also include the treatment indicator ADMIN (=1 for administrative enforcement cases) as 

the independent variable in the probit regression to estimate the propensity score values. 

Finally, we will also use an indicator for the imposition of imprisonment sentences PRISON 

(=1 if an imprisonment sentence was imposed to a natural person in the case for which the 

firm is being judged) to evaluate which case characteristics can be considered as ‘gravity 

indicators’ (by a judge or public prosecutors).  

4.3 Dependent variables 

The dependent variables consist of a number of environmental enforcement case 

characteristics and a number of offender characteristics. The variable RISK is equal to 1 if the 

violation did not result in any environmental damage (yet), but led to significant 

environmental hazards and potential damages. In the other case, where the offense did result 

in environmental damages, RISK is equal to 0. A related variable is DAMAGE, which equals 

1 if the punishment motivation accompanying the verdict demonstrates that the judge/fining 

official considered this offense to be particularly damaging. HEALTH is equal to 1 if the 

violation had a significant impact on public health. The variables WASTE, NOISE, 

SOILWATER and ODORAIR indicate the offense’s type of contamination. Furthermore, 

COMPLAINT is equal to 1 if the offense was detected after the filing of a complaint by the 

surrounding community. Finally, PERMIT DUTY and PERMIT COND are equal to 1 for 

specific offenses against the obligation to file for an environmental permit or against the 

conditions of this permit.  

With respect to the characteristics of the offender, the dummy variable PREVCONV is equal 

to 1 if the offender had a negative compliance history in terms of previous convictions for 

environmental issues. The count variable OFFENSES indicates the number of infringements 

committed by the offender in the actual case. We also include the dummy POSITIVE which 

takes a value of one if the violator made significant efforts to reduce the environmental 

damages caused or to reduce the environmental hazards imposed. Another explanatory 

variable LNASSETS represents the firms’ asset level, which is the log transformation of the 

firm assets by book value in the year in which the infringement occurred. This is thus a proxy 

variable for firm size. Finally, INTENT is equal to one if the judge or fining official has a 

negative perception of the violator’s intent. This variable is also deduced from the judge’s 

respectively from the fining official’s motivation, which accompanies the verdict. 
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4.4 Expected results 

We first discuss about the gravity indicators, i.e. which case characteristics should be 

considered as indicators for more/less serious environmental offenses? We expect that the 

severity of an offense increases with the variables DAMAGE and HEALTH, because they 

indicate that a certain offense has been more damaging and that gravity decreases with RISK, 

since no actual damage occurred. We also know that violations of the PERMIT DUTY 

obligation are considered as more serious. Furthermore, with respect to characteristics of the 

offender, we know that an offender with a negative compliance history (PREVCONV), who 

committed multiple OFFENSES, or who showed negative INTENT is normally considered a 

more serious case. In contrast, if the offender has shown signs of POSITIVE actions, this is 

generally considered a reason to treat him less stringently. 

Next, we discuss the expectations with respect to the average treatment difference between 

administrative and criminal prosecution. Based on the normative analyses of Ayres & 

Braithwaite (1995) and Bowles et al. (2008) we conclude that administrative penalization 

should normally be less stringent. Also, using the simple concept of the optimal fine for 

environmental liability, outlined in Polinsky & Shavell (2000), we can expect this to be the 

case. Formally, this optimal fine can be written in the following way: 

* harm
F k

p
  . 

In this formula, p equals the inspection & sanctioning probability, while k  represents the 

fixed costs of the prosecution procedure. Given that the fixed prosecution costs k  are 

generally higher in criminal procedures and that the inspection & sanctioning probability p

may be lower, we derive the expectation that penalization should be more stringent in 

criminal than in administrative enforcement (for similar offenses).  

We thus expect to find a negative treatment difference. We expect this ‘treatment gap’ to be 

larger if we simply do a means comparison and we expect it to narrow once that we take 

selection bias effects into account. The reason for this is that we expect criminal enforcement 

cases to be generally more serious than the administrative cases that we compare them with. 

Taking this selection bias into account should thus lead to a smaller average treatment 

difference. However, we still expect this treatment gap to be negative, for the reasons laid out 

above. Finally, we also expect the treatment difference to narrow once we include the 
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acquittals because ‘standard of proof’ is generally higher in criminal enforcement. Therefore 

we also expect acquittals to be more prevalent there. 

5 Results from the empirical analysis 

We now turn to the actual results. We start with a simple comparison of the means in both 

groups. This ‘naïve approach’, in which we ignore all possible treatment effects, can give us a 

benchmark of against which to assess other methodologies results. Then, we move on to 

estimation of a linear OLS model and assess how well this model performs in controlling for 

the selection bias effect. We compare the results of a simple OLS model with those of a fully 

interacted linear model. Further, we estimate treatment difference by using propensity score 

matching and mahalanobis-metric matching and compare these results with the less 

sophisticated (non-matching) methodologies. We end by doing the sensitivity analysis in 

which we include the acquittals within our dataset. 

5.1 Comparison of means 

Let us first start by taking a very simple approach towards assessing treatment differences 

between administrative and criminal enforcement of environmental crimes in which we 

ignore the selection bias effect. We can then simply compare the average penalty in both 

groups to get an idea about the difference in treatment. The results are shown in Table 19 & in 

Table 20. 

Table 19: Comparison of mean penalties in different treatment groups  

(for variable AMOUNTALL) 

Group Obs Mean Std. Err. Std. Dev. 95% Conf. Interval: boundaries 

              

CRIM 221 12,607.65 3064.99 45,564.38 6567.143 18,648.15 

ADMIN 255 654.92 52.66 840.93 551.22 758.63 

              

combined 476 6204.40 1447.65 31,584.11 3359.805 9049.005 

              

diff   11,952.72 2853.45   6345.74 17,559.69 

              

diff     

  

    

Ho: diff = 0   t = 4.19       

Ha: diff <> 0   P-Value 0       
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Table 20: Comparison of mean penalties in different treatment groups  

(for variable AMOUNTEFF) 

Group Obs Mean Std. Err. Std. Dev. 
95% Conf. Interval: boundaries 

              

CRIM 221 10,185.34 2876.86 42,767.67 4515.60 15,855.08 

ADMIN 255 654.93 52.66 840.93 551.22 758.63 

              

combined 476 5079.76 1352.07 29,498.59 2422.994 7736.534 

              

diff   9530.413 2678.38   4267.449 14793.38 

              

diff             

Ho: diff = 0   t = 3.56       

Ha: diff <> 0   P-Value 0.0004       

 

We find that the average monetary penalty is thus roughly €12,000 higher in criminal than in 

administrative enforcement, if we look at the entire amount. If we only take into account the 

part of the penalty that is effectively imposed, we find a difference of around €9,500. Both 

numbers are statistically significant at 95% significance level. 

5.2 Ordinary Least Squares model 

We now proceed to the first and most straightforward approach in controlling for selection 

bias by estimating a linear model using ordinary least squares. We discuss two different 

specifications: A first specification is a simple linear OLS model that includes all explanatory 

variables previously discussed as control variables. A second specification is the fully 

interacted linear model. In this second model we include a number interaction terms between 

the explanatory variables and the treatment assignment dummy. The idea is to take the 

heterogeneity in the treatment difference into account. The average treatment effect is now no 

longer given as a simple coefficient, but needs to be calculated using the observations of our 

dataset. As outlined in the methodological section, we implement this procedure using the 

FILM-package in Stata. This package also allows us to impose a common support restriction. 

This means that we only take treatment variables into account which are in the common 

support region (in terms of the penalty imposed) of treatment and non-treatment observations. 

The results are shown in Table 21 and in Table 22. 
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Table 21: Ordinary least squares model and fully interacted linear model  

with AMOUNTALL as dependent variable 

  Coeff. s.e. p-value 
95% Conf. Interval: 

boundaries 

OLS -12,020 3,785.81 0.0014 -19,460.67 -4579.22 

FILM -11,499.9 3,720.51 0.0020 -18,812.4 -4187.31 

F-test of no heterogeneous 

effects:  F  5.96 Prob>F  0.0001  

#obs 452         

 

Table 22: Ordinary least squares model and fully interacted linear model  

with AMOUNTEFF as dependent variable 

  Coeff. s.e. p-value 
95% Conf. Interval: 

boundaries 

OLS 

-

10,421.6 3545.07 0.0033 -17,389.12 -3454  

FILM 

-

10,165.2 3497.14 0.0037 -17,038.73 -3291.68 

F-test of no heterogeneous 

effects:  F  5.96 Prob>F  0.0001  

#obs 452         

 

We find that the results for the OLS models are not very different from the ones we obtain 

using a simple means comparison. Also the difference is to the opposite direction than we 

would expect: the treatment gap widens rather than shrinks. We think that taking selection 

bias into account should lead to a smaller treatment effect, for the reasons laid out in section 

4.4. From this, we conclude that the OLS-approach does not seem the most promising 

technique for correcting for selection bias in our analysis.  

When we take into account a number of interaction terms in the FILM model, we do find that 

the treatment gap narrows in comparison to the OLS-estimations which is in accordance to 

our expectations. We take into account a limited number of interaction terms in this model; 

only the ones that turn out to be statistically significant, namely the interaction terms for the 

variables POSITIVE, ODORAIR, PERMITDUTY and LNASSETS
32

. The F-test also shows 

that it is important to take interaction terms into account for the measurement of the treatment 

difference, because it indicates that treatment is indeed heterogeneous and depends on certain 

case characteristics.  

We conclude that the OLS-approach does not seem the most promising technique for 

correcting for selection bias in our analysis. The FILM model that includes the statistically 

significant interaction terms performs somewhat better but results are still not very different 

                                                      
32

 We will take this into account when we implement the propensity score matching procedure.  
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from a simple means comparison. This makes us inclined to think that we should be exploring 

the matching methodologies to get accurate measurement of treatment effects. 

5.3 Propensity score matching 

5.3.1 Auxiliary regression to estimate the ‘gravity indicators’ 

When we implement propensity score matching, we first want to get an idea about which case 

characteristics can be considered as ‘gravity indicators’ and which not. It will be particularly 

important to do matching in such a way that our matched samples are balanced for these 

‘gravity indicators’, as measurement of treatment effects could be significantly biased if this 

would not be the case. For identifying the ‘gravity indicators’ we implement an auxiliary 

regression where we regress our set of explanatory variables X against the independent 

dummy variable PRISON. The results are shown in Appendix B. 

We find that the following case characteristics can be considered as proxy indicators for the 

gravity of a certain case and that therefore balancing of these variables should be ensured in 

order to have a good matched sample. The most highly significant variables are POSITIVE 

(measures have been taken to mitigate damages or regularize the situation, a positive attitude 

towards enforcement officials), which has a negative effect on the propensity to impose 

imprisonment, and PERMIT DUTY (a firm has performed activities which are potentially 

environmentally damaging without obtaining the necessary permits), which has a positive 

impact on probability of imprisonment sentences. These variables also showed up as 

significant in the FILM model that we discussed in the previous section. We will therefore 

give special attention to these explanatory variables during the balancing test. Other variables 

which were somewhat significant: a negative compliance history (PREVCONV), an offense 

with a serious impact on public HEALTH, a violation related to illegal WASTE treatment and 

a case that originated from a COMPLAINT (and has thus led to a certain tangible damage or 

discomfort). For these variables, it should thus also be checked whether they are equally 

represented in both treatment groups during the balancing test
33

.  

                                                      
33

 In addition, we should keep in mind that the variables LNASSETS and ODORAIR were also related to 

heterogeneity in treatment effects, as shown in the FILM model. We should therefore also check the balancing 

properties for these variables. 
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5.3.2 Propensity score estimation 

We proceed by estimating the propensity score. These can be calculated by taking the fitted 

values of the probit model where the dependent variable is the indicator ADMIN. This model 

is shown in Appendix C. 

5.3.3 Estimation of average treatment effect  

We will now use a number of different matching specifications to estimate the average 

treatment effect. The results are shown in Table 23 and Table 24. 

 

Table 23: Average treatment effect estimation for AMOUNTALL  

based on propensity score matching 

    ATE T-stat n Mean 

bias 

Median 

bias 

Balanced 

(chi2-test) 

Means comparison   -11,952 -4.19 476 30.1 23.9 No 

One-to-one 

matching 

No common 

support 

-12,104 -0.78 476 21.2 21 No 

  Common 

support 

-13,388 -0.92 454 21.8 18.5 No 

  With caliper 

(0.005) 

-14,987 -1.48 373 10.7 8.5 ± 

Smoothed matching Nearest 

neighbours (5) 

-11,579 -1.38 454 12 9.3 No 

  Radius (0.05) -9748 -1.2 476 13.7 11 No 

Weighted  

smoothed matching 

Kernel 

(epanechnikov) 

-11,218 -1.48 454 15.8 12 No 

 

Table 24: Average treatment effect estimation for AMOUNTEFF  

based on propensity score matching 

    ATE T-stat n Mean 

bias 

Median 

bias 

Balanced 

(chi2-test) 

Means comparison   -9530 -3.56 476 30.1 23.9 No 

One-to-one 

matching 

No common 

support 

-11,316 -0.76 476 21.2 21 No 

  Common 

support 

-12,525 -0.89 454 21.8 18.5 No 

  With caliper 

(0.005) 

-13,873 -1.42 373 10.7 8.5 ± 

Smoothed matching Nearest 

neighbours (5) 

-10,390 -1.31 454 12 9.3 No 

  Radius (0.05) -8757 -1.15 476 13.7 11 No 

Weighted  

smoothed matching 

Kernel 

(epanechnikov) 

-10,134 -1.42 454 15.8 12 No 

 



Statistical matching 

89 

 

For each estimation we provide a number of key statistics: we show the statistical t-value 

(which is significant at 5% level from a value of 1.64), the number of observations on which 

this estimation is based and the average & mean bias. These last two numbers are the average 

numbers of the percentage biases for each of the explanatory variables included in X . Finally, 

we also mention whether the balancing procedure passes a joint balancing test. This test is 

based on a Chi2-distribution. 

In general, we must conclude that the propensity score matching procedure does not work 

very well in our context. The joint balancing test is almost always rejected which means that 

we did not succeed in balancing all the key explanatory variables. When we compare one-to-

one matching with the means comparison, we do not only see that the balancing test is 

rejected, but also that the bias reduction is generally quite limited. It is only by imposing a 

caliper (a restriction on the allowable distance between a treatment observation and its control 

variable) that we succeed in reducing the bias somewhat. Even though the caliper model 

succeeds in the joint balancing test, there are still a number of individual variables that do not 

pass the balancing test (among which ODORAIR that was previously seen to be related to 

heterogeneity in the treatment effect). Moreover, we also find that the treatment gap is 

increasing in comparison to a means comparison. This is not very encouraging, because we 

would expect exactly the opposite: that the treatment gap would be narrowing once that we 

control for selection bias. 

In the smoothed matching techniques, we are no longer comparing one treatment observation 

to its single nearest control observation (based on propensity scores), but we are rather 

comparing it to some weighted average of the observations that are in its surroundings. In the 

simple smoothed matching the weights are uniform, whereas the weights are inversely 

proportionate to distance in case of a kernel. When we look to these techniques, we do find 

that the treatment gap is somewhat decreasing (at least for the variable AMOUNTALL). This 

is encouraging as this is what we would expect to occur through controlling for selection bias. 

The bias reduction is also considerably higher than in case of one-to-one matching. However, 

the balancing test is still not passed for the smoothed matching techniques. Thus, we are still 

uncomfortable to start interpreting the estimation results. 
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5.4 Mahalanobis metric matching 

 

Given the relatively disappointing results of propensity score matching, we move on to the 

multi-dimensional matching technique of Mahalanobis matching. We show the results in 

Table 25 and Table 26. 

Table 25: Average treatment effect estimation for AMOUNTALL  

using Mahalanobis matching 

    

ATE T-stat n Mean 

bias 

Median 

bias 

Balanced 

(chi2-test) 

Means comparison   -11,952 -4.19 476 30.1 23.9 No 

Mahalanobis One-to-one -5028 -1.57 476 11.9 8.6 No 

  Kernel -1580 -0.79 249 0.3 0 Yes 

  Kernel - bw(0.3) -2588 -1.4 273 0.1 0 Yes 

 

Table 26: Average treatment effect estimation for AMOUNTEFF  

using Mahalanobis matching 

    

ATE T-stat n Mean 

bias 

Median 

bias 

Balanced 

(chi2-test) 

Means comparison   -9530 -3.56 476 30.1 23.9 No 

Mahalanobis One-to-one -3302 -1.75 476 11.9 8.6 No 

  Kernel -1135 -0.56 249 0.3 0 Yes 

  Kernel - bw(0.3) -1783 -0.95 273 0.1 0 Yes 

 

For implementation of Mahalanobis matching, we including the estimated propensity score 

value  p X along with the explanatory variables X  into a vector. The Mahalanobis 

statistical distance is then minimized to couple a treatment observation to its closest control 

observation. Mahalanobis matching is known to provide good matching results in case of 

dealing with many dummy variables and this result also holds in our application. When we do 

one-to-one Mahalanobis matching our matched dataset still does not pass the balancing test. 

There are still a number of explanatory variables unbalanced, among which the variable 

PERMIT DUTY which was known to be an important gravity indicator. The selection bias is 

significantly reduced, however. We also find that the average treatment effect goes down 

considerably in our matched sample, which is as we would expect.  

Once we combine Mahalanobis matching with weighted smoothed matching through use of a 

kernel, we finally succeed in passing the balancing test. In fact, we obtain the result that we 

have reduced the selection bias up to almost 100%. Our matched samples are so similar that 

mean bias has dropped to 0.1% (down from 30.1% in case of unmatched samples). When we 

look at the average treatment effect, we find that the treatment gap has narrowed significantly. 
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Thus, taking into account selection bias makes the treatment difference go down. This is 

exactly as we expected. In the last specification, we loosen the bandwidth somewhat (= we 

allow a larger distance between treatment and control observations) up from 0.06 to 0.3, in 

order to increase the number of observations in our matched sample somewhat. We then find 

an estimate for the treatment difference between administrative and criminal enforcement of   

€2588 when we look at the entire monetary penalty imposed in court and of €1783 when we 

only look at the effective component of the monetary penalty.  

We implement a bootstrap procedure to calculate standard errors for our preferred 

specification, namely the sample that was matched using Mahalanobis matching with a kernel 

of bandwidth 0.3. The results are shown in Table 27. 

Table 27: Average treatment difference for AMOUNTALL and AMOUNTEFF  

using bootstrap standard errors 

  Coef. Std. Err. z P>z 
95% Conf. Interval: 

boundaries 

ATE(AMOUNTALL) -2588.41 1247.29 -2.08 0.038 -5033.06 -143.76 

ATE(AMOUNTEFF) -1783.86 1229.42 -1.45 0.147 -4193.48 625.76 

 

We find that the treatment difference is statistically significant at 95% significance level if we 

include the entire amount of the monetary fine in the criminal penalty. If we only take the 

effective component of the penalty into account, then we find that the treatment difference is 

not statistically significant. In any case, there is some evidence that criminal judges are more 

severe for similar cases than administrative fining officials. However, the difference is not 

very large. The apparent treatment difference seems to be attributable to the largest extent to a 

selection bias effect, and only to a small extent to an actual treatment difference. 

5.5 Sensitivity analysis with respect to inclusion of acquitted defendants 

Let us finally do a small sensitivity analysis. We (re-)include the acquittals in our dataset to 

find out how the different enforcement paths compare in terms of ex-ante deterrence, i.e. 

before the decision of whether enough ‘burden of proof’ is present to convict a defendant is 

made. We make the comparison
34

 with the results without acquittals in Table 28.  

 

 

 

                                                      
34 This comparison is only done for the specification using Mahalanobis matching. 
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Table 28: Comparison between treatment differences when not 

taking acquittals into account 

  Coef. Std. Err. z P>z 
95% Conf. Interval: 

boundaries 

ATE(AMOUNTALL) 

 - without acquittals -2588.41 1247.29 -2.08 0.038 -5033.06 -143.76 

ATE (AMOUNTEFF) 

 - without acquittals -1783.86 1229.42 -1.45 0.147 -4193.48 625.76 

ATE (AMOUNTALL)  

- with acquittals -2101.56 1096.57 -1.92 0.055 -4250.80 47.68 

ATE (AMOUNTEFF)  

- with acquittals -1464.09 1045.99 -1.4 0.162 -3514.19 586.01 

 

We find that treatment effects are smaller when we include the acquittals in our dataset. This 

is in accordance to our expectations, as the burden of proof is generally considered to be 

higher in criminal enforcement than in administrative enforcement. However, the difference 

with the earlier results (without acquittals) is not very large. This indicates that the difference 

in burden of proof in the administrative and criminal enforcement practice does not seem to 

be very important in our legal context. 

5.6 Discussion of results 

In the empirical analysis, our main finding is that there is some treatment difference between 

administrative and criminal enforcement of similar environmental violations: a similar type of 

offense leads to lower expected penalties under administrative treatment than in criminal 

enforcement. From this we conclude that in terms of providing deterrence against regulation 

offenders, the criminal track still seems to be a more powerful instrument in practice. 

However, the difference that we found is not very large and it also turns out that the largest 

part of apparent treatment differences can be attributed to a selection bias effect. Still, in this 

analysis we have focused on the fines and thus abstracted from additional criminal deterrence 

mechanisms such as the stigma effect or the possibility of prison sentences. Therefore, the 

relative treatment difference which we estimated should be interpreted as a lower estimate for 

the relative difference between these enforcement paths. One should also be aware that our 

evidence can be considered as a case-study and it is currently unclear whether it carries over 

to other jurisdictional areas. 

Related to our objective to compare a complementary administrative/criminal enforcement 

path with the sole use of criminal enforcement, we can conclude that the choice between a 

complementary enforcement path and an enforcement system using criminal procedures only 

should be seen as a trade-off in terms of deterrence. On the one hand, it is quite likely that 
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prosecution and penalization will increase in a complementary system. On the other hand, the 

expected penalty may decrease, because part of the offenses will be going to administrative 

rather than criminal enforcement; leading to significantly lower expected penalties for similar 

offenses. It follows that the effect on the price of committing a violation (= pF ) is unclear ex-

ante.  

One has to be aware, however, that the simple multiplication of pF  assumes that offenders 

are risk-neutral. As discussed by Becker (1968), risk-averse offenders will be more deterred 

by a higher penalty F , whereas risk-loving violators can be deterred more effectively by 

increasing penalty probability p
35

. In the light of this observation, we are inclined to 

conclude that a complementary enforcement system may still be more effective in providing 

deterrence (against risk-loving offenders) than the single use of criminal enforcement. 

On a more general level, we think that our methodology is a feasible approach towards 

analyzing treatment in different enforcement systems, while correcting for selection bias. This 

is an issue that may prove to be relevant in many areas of law & economics, some of which 

may be very different from our context of environmental regulation enforcement. 

6 Conclusion 

Our paper aims to make two main contributions: one on a specific level and one on a more 

general level. On a specific level, we measure the treatment difference between administrative 

and criminal enforcement of environmental violations, for similar offenses. We find that 

criminal judge impose tougher monetary penalties for similar offenses, but that the difference 

is not very large (± €2000). Most of the apparent treatment difference is attributable to a 

selection bias effect. Only a small share turns out to be an actual treatment difference for 

similar offenses. This result is statistically significant at 95% significance level depending on 

whether we take the entire penalty, or only the effectively imposed penalty, into account. 

From this, we conclude that when we compare a complementary criminal/administrative 

enforcement system with an enforcement system that stresses the use of criminal enforcement 

only, the choice that needs to be made can be represented by a trade-off (in terms of 

deterrence). On the one hand, additional deterrence can be expected from the complementary 

system through the effect of increasing penalty probability p . In contrast, expected penalties 

                                                      
35

 The observation that a higher p is more effective in providing deterrence then boils down to the fact that most 

law violators are risk-loving individuals. 
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F could also decline because part of the cases going through the administrative track would, 

in a single-track system, have been subject to criminal prosecution. Under the assumption that 

most regulation offenders are risk-loving and thus better deterred by increasing p  rather than 

by increasing F , we can still conclude that complementary enforcement is expected to have 

positive effects on compliance.  

We have to stress that our conclusions are based on an empirical case-study investigating 

environmental enforcement in Belgium. It is currently unclear to which extent this result can 

be generalized to other types of regulations and other regions. However, given that very little 

research has been done on this issue we do think that our contribution can be a good first 

attempt at answering this question.  

On a more general level, we provide a methodology for evaluating legal treatment 

(difference) while taking into account selection bias. Given the prevalence of selection bias in 

these types of empirical analysis and given the difficulty to deal with it, we think that our 

approach is a significant contribution to come to better evaluation of legal (enforcement) 

programs. Application of this methodology can be relevant in many fields of empirical law & 

economics and should not be restricted to the area of environmental regulation enforcement. 

In short, the steps involved in this methodology are the following: 

1. Construct a dataset documenting individual cases and represent this information in a 

set of dummy variables or (preferably) continuous variables. 

2. Find an appropriate matching methodology to identify similar cases in such a way to 

pass a balancing test. 

3. Obtain treatment difference/treatment effect by calculating average treatment effect. 

As an illustration, in Belgium recently a discussion emerged about whether there is a 

treatment difference for similar violations between different regions. The argument was made 

that in a certain region judges would be more lenient than in others. Subsequently, when 

looking at some case data, the observation was made that no conclusions could be drawn 

given the fact that the caseload that is compared need not necessarily be similar. This is a 

typical situation in empirical legal analysis. The methodology that we propose could provide a 

potential solution for this problem and allow for conclusions to be made on these questions.  
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Appendix A 

 

We also include a sensitivity analysis to check whether and how results would change if we 

include acquittals in our dataset. This way, we can take the possible effect of differences in 

standard of proof into account and evaluate the deterrence that two enforcement systems 

provide from an ex-ante perspective. Figure 2 shows where the acquittals can be situated in 

our graphical representation of the enforcement system (represented in blue).  

Figure 2: Graphical representation of seriousness of violations  

in both enforcement paths, where acquittals are indicated in blue 
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Appendix B 

 

Table 29: Estimation of ‘gravity indicators’ 

 (1)  

 PRISON  

PREVCONV (d) 0.205* 0.056 

DAMAGE (d) 0.00603 0.848 

RISK (d) -0.0101 0.805 

INTENT (d) -0.0249 0.490 

POSITIVE (d) -0.126*** 0.004 

HEALTH (d) 0.122* 0.067 

WASTE (d) 0.0770* 0.077 

SOILWATER (d) 0.0185 0.665 

ODORAIR (d) 0.0299 0.644 

COMPLAINT (d) 0.109* 0.074 

PERMIT DUTY (d) 0.117*** 0.005 

PERMIT COND (d) -0.0165 0.608 

OFFENSES 0.00458 0.401 

LNASSETS 0.00490 0.472 

Observations 221  

Pseudo R
2
 0.283  

chi2 47.56  

Pred_1 75  

Pred_0 77.20  

Pred_Total 76.92  

Marginal effects; p-values in parentheses 

(d) for discrete change of dummy variable from 0 to 1 

* p < 0.10, ** p < 0.05, *** p < 0.01 
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Appendix C 

 

Table 30: Estimation of propensity score value 

 (1)  

 ADMIN  

PREVCONV 1.214*** (0.000) 

DAMAGE -0.456** (0.036) 

RISK 1.959*** (0.000) 

INTENT -0.425** (0.046) 

POSITIVE 0.284** (0.044) 

HEALTH 0.669*** (0.007) 

WASTE 0.622*** (0.000) 

SOILWATER -0.0611 (0.776) 

ODORAIR 0.630** (0.011) 

COMPLAINT 1.232*** (0.000) 

PERMIT DUTY -0.0712 (0.632) 

PERMIT COND -0.501*** (0.002) 

OFFENSES 0.0585** (0.042) 

LNASSETS -0.0756*** (0.000) 

Constant -1.182*** (0.000) 

Observations 513  

Pseudo R
2
 0.358  

chi2 254.7  

p-values in parentheses 

* p < 0.10, ** p < 0.05, *** p < 0.01 
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Chapter 5: Public prosecutors 

1 Introduction 

1.1 Motivation 
 

This paper is about the use of settlement proposals as a legal instrument to deal with criminal 

cases. A settlement proposal is an alternative enforcement instrument for the public 

prosecutor to obtain some deterrence against law offenders in a relatively cheap way. This 

settlement instrument, also referred to as ‘negotiated enforcement’ by Franzoni (1999), exists 

in many continental European countries under different names: ‘minnelijke schikking’ in 

Belgium, ‘strafbefehl’ in Germany, ‘ordonnance pénale’ in France or ‘pattegiamento’ in Italy. 

Even though each national instrument may have its legal specificity, these instruments can be 

considered fairly similar from a law & economics viewpoint. The idea is that, in a criminal 

enforcement case, the public prosecutor can propose the defendant to pay a sum in order to be 

dismissed of the charges alleged to him: the case is then dismissed and no conviction is 

recorded.  

However, the effectiveness of this legal instrument may be questioned. Some authors have 

found that settlement proposals by public prosecutors are remarkably low. In the context of 

environmental crime, for example, Billiet et al. (2010) find that proposed settlement amounts 

in environmental cases are, on average, €238 for the year 2005
36

. The authors argue that is 

difficult to see how such levels of ‘penalties’ can provide any deterrence against committing 

environmental offenses which are still classified as ‘crimes’. In addition to this, Van Dael et 

al. (2010) observe that in Belgium 25% of declined settlement proposals are not further 

prosecuted but dismissed. This is an anomaly, given the legal requirement which states that a 

settlement can only be proposed in those cases where the offense and the culpability of the 

offender are sufficiently proven. In short, it seems that the use of settlements provides 

relatively little deterrence in the Belgian context.  

In answer to this, proposals are discussed to impose statutory limits on settlement proposals. 

In Belgium, legislation on settlements for penal offenses has recently changed
37

. According to 

the new law, settlement demands must be ‘in proportion to the severity of the crime’. We 

                                                      
36

 If one compares this with the expected penalty that is imposed in court of about €2250 (for the same region 

and the same time period), the ‘discount’ obtained seems to be quite high for defendants.  
37

 Belgisch staatsblad (Belgian Bulletin of Acts) 06.05.2011, Hoofdstuk 8 (art. 84): Wijziging van artikel 216bis 

van het Wetboek van Strafvordering 
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think that such a modification should be accompanied by an answer to the question: why do 

prosecutors choose such low amounts for settlement proposals? A first possibility is that low 

settlements can be justified by the characteristics of the cases for which settlement is 

considered. An alternative possibility is that limited prosecution resources may give 

prosecutors an incentive to divert the bulk of cases away from court prosecution through the 

use of generous settlement proposals. In this second scenario, settlement demands are lowered 

in order to secure high proposal acceptance rates; prosecution resources would be affected if 

too many defendants rejected settlement proposals. In our analysis, we provide a systemic 

view on the prosecution process to highlight how settlement demands and prosecution 

resources may be related. In this framework, the imposition of statutory limits on settlement 

proposals can only have superficial effects on enforcement outcomes. It is rather by changing 

the level of prosecution resources that enforcement can be more effective. 

1.2 Related literature 
 

In our paper, we follow the law & economics approach that considers the criminal 

enforcement system as a ‘market system’ in which penalties can be considered as prices and 

in which enforcement outcomes depend on issues such as prosecutor’s and defendant’s 

resources, trial costs, settlement costs and attitudes toward risk. Therefore, our paper is related 

to the work by Landes (1971). One of his main contributions is to highlight the congestion 

effect that can occur in court procedures. He proposes to put a price on using the courts. This 

would reduce the amount of trials (court demand), increase settlement incentives and promote 

a more efficient use of court resources. In a related contribution, Easterbrook (1983) discusses 

how penalties can be considered as prices for committing violations in an informal way. He 

discusses how the workload of a prosecutor can have an effect on outcomes in court, as 

budget constraints may lead prosecutorial resources to be devoted to certain cases and not to 

others
38

. This mechanism is very similar to the one that we have in mind in our context of 

settling criminal charges in a continental (= civil law) context.  

The instrument that we analyze, a settlement between prosecutor and defendant for settling a 

criminal charge in the civil law tradition, is similar to legal instruments in the common law 

tradition: the settlement and the plea bargain. However, a common law settlement is an 

agreement between a plaintiff and a defendant. The plea bargain is a pre-trial agreement 

                                                      
38

 Klepper et al. (1983) further argue that plea bargaining discounts may be justifiable because they preserve 

government resources. 
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between a prosecutor and a defendant in a criminal case in common law. A plea bargain 

consists of the defendant admitting (a certain part) of the offense. But then the prosecutor 

reduces his charges in court. Many academic law & economics articles have been written on 

the characteristics of these legal instruments. Literature on settlement bargaining between 

private litigants mainly highlights the role asymmetric information plays in why litigant 

parties may not come to a pre-trial agreement and instead go to court, even though it would 

clearly be Pareto-improving for them to settle. An overview of this literature can be found in 

Daughety (2000) or in Daughety & Reinganum (2005). The two seminal models are provided 

by Reinganum and Wilde (1986), who develop a signaling model in which the informed 

plaintiff makes a settlement demand to the (uninformed) defendant, and Bebchuk (1985), who 

develops the case in which the uninformed plaintiff makes a settlement demand to the 

(informed) defendant.  

We will mainly follow the literature on plea bargaining, because this is more similar to our 

instrument. An important contribution was made by Grossman & Katz (1983), who show that 

a welfare argument for plea bargaining need not rely uniquely on its cost saving feature. They 

argue that the use of plea bargaining as a screening device enables prosecutors to effectively 

sort between guilty and innocent defendants and contributes to the accuracy of the legal 

process. Nalebuff (1987), however, highlights the ‘credibility problem’. This is the 

observation that the prosecutor has no incentive to invest prosecution resources at trial if only 

innocent defendants reject settlement proposals. Baker & Mezetti (2001) develop a semi-

separating equilibrium in which all innocent defendants reject the negotiated enforcement 

proposals, whereas guilty defendants are made indifferent between accepting the prosecutor’s 

proposal or rejecting it and proceeding to trial. Guilty defendants, thus, use a mixed strategy 

in which they randomize between accepting and declining pre-trial proposals.  

Much of the literature on prosecutor decision-making has focused on the strategic incentives 

given to the prosecutor in a common law context (see for example, Gordon & Huber (2002), 

Mongrain & Roberts (2009) and Rasmusen et al. (2009)). In common law systems, decisions 

concerning promotions of public prosecutors are generally based on the conviction rates 

(=#convictions/ #incoming cases) that they previously achieved. This may give them strategic 

incentives to award lenient plea bargains in the vast majority of cases, because accepted plea 

bargains are counted as convictions and the actual level of the penalty is not taken into 

account.  

Applying similar arguments in our civil law context is inappropriate for two reasons. Firstly, 

the prosecutor does not obtain any conviction by using settlements because a case is not 
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recorded as a penalty, but is dismissed if the settlement amount is accepted. With the use of 

plea bargains, in contrast, a conviction of the defendant is obtained by the prosecutor. A 

second argument is that the promotion incentives in the Belgian civil law system are very 

different from the US system and that conviction rates get a less prominent role here. In our 

paper, the prosecutor’s objective will be to maximize deterrence against guilty offenders, 

given his budget constraint.  

The possibility of imposing constraints on the plea bargaining process is first discussed in 

Scott & Stuntz (1992). They highlight how plea bargaining occurs in the shadow of expected 

trial outcomes. They further argue that imposing artificial constraints on these bargaining 

outcomes can prevent parties from reaching mutually beneficial plea bargain. Bibas (2004) 

objects that structural distortions (arising from e.g. agency costs, attorney competence, 

compensation, workloads, resources, etc.) can skew bargaining outcomes. Another objection 

is put forward in Gazal-Ayal (2006). He argues that statutory limits on plea bargains may be 

useful in order to protect the innocent to plead guilty (= the innocence effect). His argument is 

that innocent defendants have lower conviction probability in court (if court resolution is 

accurate, at least) and that therefore lower settlement proposals are needed to induce innocent 

defendants to accept. If, consequently, statutory limits are imposed to check the granting of 

generous settlement proposals (in relation to expected court penalties) a limit can be enforced 

on the number of innocent defendants pleading guilty
39

. 

However, the instrument that we have in mind is an intermediate case between settlements in 

civil procedures and plea bargains. Franzoni (1999) develops a model to understand 

‘negotiated enforcement’
40

, which addresses the situation of a settlement between prosecutor 

and defendant
41

. The analysis by Franzoni (1999) highlights the importance of the ‘credibility 

problem’ in using settlements as a screening mechanism to distinguish between guilty and 

innocent defendants, when guilt is unobservable to a public prosecutor. In his model, 

prosecution effort depends on the posterior belief of whether he is dealing with a guilty 

defendant. Consequently, the prosecutor cannot obtain perfect separation between guilty and 

                                                      
39

 However, in subsequent contributions Tor et al. (2010) and Gazal-Ayal & Tor (2011) put this into perspective 

when they show in an experimental setting that fairness-related concerns systematically impact defendants’ 

preferences and judgments. This makes innocent defendants less willing to accept offers than guilty defendants 

and also reject offers more often even though they appear attractive. They conclude that the occurrence of the 

innocence effect is overstated. 
40

 In terms of interpretation of the term ‘negotiated’ one should bear in mind that this means that the prosecutor 

offers a one-shot proposal to the defendant on a take-it-or-leave-it basis. 
41

 In this paper, we will use the terms ‘negotiated enforcement’ and ‘settlement’ interchangeably, but we always 

refer to the same instrument: a settlement proposal of a prosecutor to a defendant in a criminal law procedure. 
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innocent defendants through negotiated enforcement, because he would have no incentive 

whatsoever to invest prosecution resources against innocent defendants at trial. Franzoni 

proposes a semi-separating equilibrium in which all innocent defendants reject settlement 

proposals, whereas guilty defendants are indifferent between accepting and rejecting the 

prosecutor’s proposal. Guilty defendants, thus, use a mixed strategy in which they randomize 

between accepting and declining pre-trial proposals. In contrast to his analysis, that highlights 

the credibility problem, we rather take available resources as the driving force in the 

prosecutor’s trial effort.  

 

1.3 Our approach 
 

Our analysis follows the lines of the plea bargaining literature, because it is the instrument 

that is most similar to ours. We start with a simple theoretical model in which we show how 

the available prosecution resources affect settlement demands, even though settlements are 

assumed to be costless. The prosecutor maximizes deterrence against defendants that he 

deems to be guilty, subject to his prosecution resource constraint. This causes strategic 

interactions between defendants’ acceptance/rejection decisions of settlement proposals. This 

result entails that higher settlement demands lead to higher settlement rejection rates and 

lower court effort, which is in contrast to the result of Franzoni (1999), where higher 

settlement demands and higher rejection rates lead to higher per-case court effort. The reason 

for this difference is that the limiting force in our model is the prosecution budget, rather than 

the prosecutor’s beliefs about guilt. We further introduce heterogeneity in risk-preferences 

among defendants. In an appendix, we also develop the case of imperfect court adjudication, 

which gives innocent defendants an incentive to accept settlement proposals and gives rise to 

the innocence problem. 

We further provide an empirical illustration in which we highlight the systemic view on the 

enforcement process, i.e. we show how settlement demands can shift depending on different 

characteristics of the enforcement process. We conduct this empirical illustration in the area 

of environmental law enforcement, using a sample of cases dealing with waste fraud. We 

believe that environmental cases are particularly interesting for conducting a case study on 

this issue, since these cases are known to be relatively complex especially for regular courts 

that possess little specialized knowledge on this issue (Almer & Goeschl, 2010). Therefore, 

settlements may be particularly interesting for these cases in order to save prosecution 

resources. In addition, there has been some criticism of the performances of courts in the area 
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of environmental law enforcement (see e.g. Svatikova, 2012). Proposals for improvement 

often involve the use of administrative enforcement agencies that possess more specialized 

knowledge. Almer & Goeschl (2010) conducted an in-depth empirical analysis of the 

environmental law enforcement process in Germany. They analyze political and economic 

drivers of enforcement outcomes in a three-step analysis of environmental law enforcement 

(police, prosecution, judge). Generally, they find that economic considerations (opportunity 

costs, scale and scope effects) are the most important drivers of enforcement decisions, rather 

than political determinants (such as green party support in a certain region, for example). 

Thus, we think that the issue of environmental law enforcement in general and waste fraud in 

specific may provide an interesting case-study on the importance of prosecution resources.  

2 Theoretical analysis 

We start our theoretical analysis with an overview of environmental regulation enforcement 

process. Next, we develop a small model to understand why settlements may be significantly 

lower than court penalties, especially in the presence of a stringent resource constraint. We 

start by outlining assumptions and introducing some notation. Then, we solve our model 

analytically taking difference in defendants’ risk preferences into account. We finish by 

deriving conclusions from our theoretical analysis. In the appendix, we also provide 

additional derivation where we take the possibility of the innocence problem into account. 

2.1 Environmental enforcement process  

We first discuss the sequence of a typical criminal enforcement process, which is also 

represented in Figure 3. The sequence is as follows: After detection of an offense the police 

establish a notice of violation. The case then proceeds to the public prosecutor’s office where 

it is decided whether the case is serious enough to merit further prosecution, and accordingly 

be classified as a crime. He can decide between direct further prosecution, proposing a 

settlement or simply dismissing the case
42

. It seems sound to assume that the prosecutor can 

rank the incoming cases according to seriousness of the offense (which is based on a set of 

case characteristics) and that the most serious cases go to criminal prosecution, whereas the 

                                                      
42

 In this paper, we make abstraction of the possibility of administrative enforcement procedures for 

environmental offenses, because our focus is on the criminal enforcement process. 
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least serious are dismissed
43

. If the case is criminally prosecuted, the defendant eventually 

goes to trial where the judge has to decide whether to convict or acquit the defendant and on 

the appropriate penalty in case of conviction.  

Figure 3: Overview of enforcement procedure 

Public prosecutor

Judge

Defendant No penalty

Prosecutor

Payment settlement proposal

No penalty

NEGOTIATION STAGE

TRIAL STAGE

DismissNegotiate

Prosecute

Reject
Accept

Dismiss

Convict Acquit

Prosecute

Notice of violation

Penalty No Penalty

 

The public prosecutor can also propose a settlement, which is most appropriate in the 

intermediate cases: the cases which are not serious enough to be taken to trial immediately, 

but too serious to be dismissed without taking any further action. The defendant then has to 

decide whether he accepts or rejects the settlement proposal. If he accepts the proposal, he 

pays the required amount and the case is dismissed. If he rejects, the case should, in principle, 

be prosecuted further and always lead to trial
44

. Thus, we have some type of (rather limited) 

negotiated enforcement procedure. If the proposal is rejected, the prosecutor has to devote a 

significant amount of investigation resources during trial stage in order to get guilty 

defendants convicted. One of the important aims of the settlement procedure is, thus, to 

function as a cost saving device and to reduce investigation costs for obtaining penalties 

against a group of intermediate offenders. 

                                                      
43

 Dismissal can also be ‘technical’, which is the case if the offense is sufficiently serious to merit prosecution 

but cannot be prosecuted for some reason (for example, the offender cannot be identified). 
44

 It turns out that in practice this is not always the case, since a significant share of declined settlement proposals 

is subsequently dismissed (Van Dael, Vander Elst & Uyttendaele, 2010). 
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2.2 Model: notation & assumptions 

We now develop a very simple model to understand why the prosecutor may adjust settlement 

proposals downwards in reaction to prosecution resource constraints. At first sight, this seems 

odd because the possibility to award settlement proposals is precisely aimed at reducing 

resource constraints in prosecution and obtaining higher penalties. However, the prosecution 

budget still affects the prosecutor’s ‘outside option’ if settlement proposals are turned down. 

The sequence of our model is as follows. We start with a number of cases n that enter the 

prosecutor’s office. The prosecutor observes a signal iX  which represents the probability that 

the defendant i  is guilty. The prosecutor then decides whether to dismiss, negotiate or 

prosecute. If the prosecutor decides to negotiate, he proposes a settlement payment iP . If he 

prosecutes the case, we assume that the judge can correctly identify guilty and innocent 

defendants and that a sanction iS  is imposed on guilty defendants
45

. We assume for 

simplicity’s sake that all cases are homogeneous with respect to guilt signal iX  and 

gravity iS . Therefore, we can drop all subscripts and use X , S  and P instead. The 

defendants decide on accepting or rejecting the proposal P . We will start by considering the 

case of risk-neutral defendants and then proceed taking unobserved heterogeneity with respect 

to risk-preferences into account. The defendants’ decisions determine the rejection rate  . 

This rate affects the number of cases that the prosecutor has to deal with after the negotiation 

stage n . At that point, the prosecutor decides which cases to take to court and which cases to 

drop
46

. The probability that a case is further prosecuted in court is denoted by  0,1ia  . 

Given that all observable characteristics are homogeneous, the decision of which cases to 

further prosecute in court is random and a  is the same for all cases i . If a defendant is taken 

to court, the prosecutor incurs a fixed unit effort cost. Total prosecution effort is limited by 

the resource constraint K . We assumed that innocent defendants will be correctly identified 

when their case is taken to court. Therefore, their expected penalty is zero. For guilty 

defendants, the expected sanction is aS .  

                                                      
45

 The choice between dismissal, negotiation or prosecution is not explicitly modeled, but the three options can 

be included in our analysis by considering settlement amounts 0iP  ,  0,i iP S  or i iP S . 
46

 As argued previously, even though all cases should in principle be prosecuted if a settlement proposal is 

declined, in practice this is not the case. 
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2.3 Prosecutor’s objective 

The prosecutor’s objective (=PO) is to allocate his budget to maximize deterrence against 

guilty defendants. He uses the settlement proposal as his main decision variable. Formally, 

this can be written as: 

          1   
P P

Max PO Max nX P P nX P a P S     

The expected court effort a  depends on the prosecutor’s budget constraint K  (relative to the 

number of cases in the trial stage n ). This in turn depends on the rejection rate of settlement 

proposals  P . 

Formally, we can write: 

     1n P n X X P    

The rejection rate also determines the expected trial effort. It will always be optimal for the 

prosecutor to allocate his entire resource allocation K  in each period. Also, there is no need 

to differentiate effort between different cases, because the only information he has on each 

case is the uniform signal X . Therefore, we can write: 

  
 
K

a P
n P

 . 

In this paper, we focus on the situation in which the prosecutor does not have sufficient 

resources to prosecute all cases in court, i.e.  K n P or 1a  . 

2.4 Defendants’ acceptance decisions 

In this section, we analyse defendants’ acceptance decisions. This decision only concerns 

guilty defendants, because we assume that all innocent defendants will correctly be acquitted 

in court for now. Therefore, it will never be interesting for them to accept a settlement 

proposal. We start by deriving the acceptance decision under risk-neutrality and then include 

differences in risk preferences into the analysis. As pointed out by Farmer & Pecorino (1994), 

it is quite reasonable that risk preferences are heterogeneous and that individual risk 

preferences cannot be credibly communicated before pre-trial negotiations. Therefore, Farmer 

& Pecorino include risk preferences into their model as the information asymmetry that can 

cause pre-trial negotiations to be unsuccessful. 
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2.4.1 Risk-neutrality 

If all defendants are risk-neutral, the prosecutor is limited in the choice of his settlement 

proposal by the court threat that he can credibly establish. The prosecutor has a choice of P

over the following range if he wants to use settlement proposals in a useful way: 

  
  1

KS
P a P S

n X X P
 

 
. 

As long as 
 1

KS
P

n X



, the prosecutor can ensure that   0P  and that all guilty 

defendants accept the settlement proposal. In this simple situation, we already observe that 

settlement proposals are limited by expected prosecution effort in court 

because  
 1

P K

S n X



. 

2.4.2 Heterogeneous risk preferences 

Let us now look at the more realistic case where defendants’ risk preferences are 

heterogeneous. If individual preferences are unobservable to the prosecutor at the moment 

that he makes his settlement proposal, the prosecutor can then no longer ensure 0  in 

equilibrium. 

We assume that the defendant’s utility function exhibits the property of constant relative risk 

aversion, which we can write as  
1

1

x
u x










. The coefficient of relative risk aversion is 

given by 
 

 

''

'

xu x

u x



 . Because we are dealing with utility losses, notice that 0   to a risk-

averse individual and 0   to a risk-loving individual (while 0  corresponds to a risk-

neutral individual). At the moment that a guilty defendant has to decide between settling and 

proceeding to court, he minimizes his expected utility loss. Thus, he accepts the settlement if: 

   u P a u S  . 

We can define the condition for acceptance of a settlement proposal P by: 
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For simplicity, let us focus on the case where 1 i i   , i.e. defendants are risk-averse or risk-

loving, but we rule out the case of strong risk-loving preferences. If we assume that 

defendants’ risk preferences follow a uniform distribution on the interval  ,1 , we can define 

the marginal defendant ̂ who is indifferent between accepting the settlement proposal and 

rejecting it by: 

  
  

ˆ1

1

P K
a P

S n X X P







 
  

  
. 

The settlement rejection rate that follows from this expression is given by  
ˆ

P
 


 





. The 

group of defendants that is relatively risk-loving  ˆ,   rejects the settlement proposal S , 

whereas the group of risk-averse defendants  ˆ,   rejects it. In this expression, we also see 

that the settlement to penalty ratio 
P

S
 is limited by the prosecution constraint. We also find 

that  ˆ ' 0P   and that  ' 0P  . 

2.5 Optimal settlements 

We can now derive and interpret the optimal settlement strategy from the point of view of the 

public prosecutor. The optimal settlement is given by the first order condition: 

 

            

            sec    

1 ' ' 0

Higher settlement receipts from accepting defendants Defendants shift from settling towards court penalties Lower pro ution effort in court

P a P S P P P a P S      

. 

From this condition, we learn that marginally increasing settlement proposals causes three 

partially offsetting effects: an increase in settlement receipts (and higher deterrence) from 

defendants that accept settlement proposals, a shift from settlement payments towards 

expected court penalties for the ‘marginal defendant’ and a lower expected court penalty for 



Public prosecutors 

109 

 

defendants that decline settlements anyway. The optimal settlement proposal *P  is such that 

the sum of these three effects equals zero
47

. This condition again shows that the optimal 

settlement proposal depends on the expected trial effort of the prosecutor  a P . At least this 

is the case in an interior solution in which some defendants accept settlement proposals and 

others do not, as is the case in practice.  

2.6 Conclusions from theoretical analysis 

We find that the prosecutor’s optimal settlement proposal strategy takes the stringency of the 

budget constraint into account. We also find that rejection rates depend positively on 

settlement demands.  

The general idea of this theoretical analysis is to illustrate the interdependencies that exist 

between settlements, penalties and prosecution resource. Our aim is to highlight a systemic 

view on the enforcement process that should be taken into account when discussing the 

introduction of legal constraints on settlement amounts. If one wants to obtain higher 

deterrence against law offenders through higher settlement amounts, it may be more useful to 

consider investing additional prosecution resources rather than to impose statutory constraints 

on admissible settlements. Our aim in the empirical illustration will be to show that the 

systemic interdependencies are also present in practice. 

3 Empirical illustration 

In this section, we investigate whether the systemic analysis that we have developed in the 

theoretical section is indeed practically useful. We would like to test whether settlement 

demands are adjusted as a function of prosecution resources. More generally, we want to test 

if and how settlement demands respond to any of the enforcement process characteristics. 

This would entail that enforcement outcomes are not the direct reflection of specific 

prosecution or judicial preferences, since it is reasonable to assume that these preferences are 

relatively stable and should definitely not shift drastically over a short time period. To this 

end, we test here whether the recent introduction of administrative enforcement competences 

for environmental law enforcement has had an effect on settlement demands.  

We collect a number of police reported enforcement cases, which are related to waste fraud. 

We link these cases with the dataset of the public prosecutor to evaluate enforcement actions 
                                                      
47

 Concavity of the first order condition ensures that we identified a maximum for the prosecutor’s objective. 

This can be seen by deriving the second order condition. 
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taken. We believe that the police-identified waste fraud caseload is particularly suited for 

uncovering treatment effects at the prosecutor level, because this inflow has remained 

constant over the time of our sample 2006-2011. This way, we can limit concerns related to 

sample selection bias. 

3.1 Data 

We collected data on environmental enforcement cases for Belgium from the statistical unit of 

the Belgian police force. We then connected these data with enforcement actions taken by 

public prosecutors with the help of the statistical office of public prosecutors. The cases 

concern environmental violations related to illegal treatment of industrial waste in the period 

2006-2011. They can be broken down in three broad categorizations: illegal waste transport, 

illegal waste disposal in the context of professional activities and issues related to 

inappropriate waste permits. 

After connecting the offenses registered by the police force with the enforcement actions 

taken by public prosecutors, we obtain yearly data on environmental enforcement cases for a 

relatively stable group of offenses. The aim is to limit sample selection issues. The data that 

we have can be broken down per year and per court. There are about 26 courts dealing with 

environmental cases in Belgium. However, given the relatively limited number of cases that 

individual courts often deal with, we choose to keep the data aggregated with respect to the 

individual courts. Furthermore, the prosecution data give us information about the 

enforcement actions taken (=outflow) for the cases that enter in a certain year. Basically, these 

actions follow the lines of the subdivision that we have sketched in Figure 3: dismissal, 

settlement or court prosecution. Unfortunately, we cannot obtain information about individual 

case characteristics. Thus, it is not possible to control for individual case characteristics that 

may affect our results. 

3.2 Descriptive analysis 

The inflow of cases for the sample period 2006-2011 and for the different types of offenses is 

shown in Table 31. We see that the yearly inflow is relatively constant at around 900 cases 

per year. Offenses categorized as illegal waste disposal make up over half of the total number, 

while illegal waste transport and issues of waste permits make up a much smaller share of 

caseload. 
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Table 31: Descriptive overview of prosecutor’s inflow of waste fraud cases 

 2006 2007 2008 2009 2010 2011 Total 

years 

Total types 898 862 944 922 928 845 5399 

Illegal waste transport 242 175 292 191 210 286 1396 

Illegal waste disposal 656 684 646 649 612 480 3727 

Waste permit  3 6 82 106 79 276 

 

When we look at the outflow of waste fraud offenses, we find that most cases are dismissed. 

The number of cases for which a settlement is given is relatively limited compared to the 

total. However, when we only focus on cases for which a further enforcement action is taken, 

we see that awarding a settlement proposal does occur more often than taking the case to 

formal prosecution. Finally, the category ‘investigation’ shows the number of cases that were 

still under investigation in January 2012 and for which no decision on further prosecution has 

been taken yet. It is natural that this number is increasing over the years in our dataset, since 

our sample was collected in January 2012. 

Table 32: Descriptive overview of prosecution outflow of waste fraud cases 

 2006 2007 2008 2009 2010 2011 Total 

years 

Investigation 7 34 60 79 125 276 581 

Dismissal 600 551 561 580 620 485 3397 

Settlement proposal 133 122 159 97 57 14 582 

Prosecution 71 99 110 80 65 31 456 

 

3.3 Before-after comparison 

We now focus on a comparison of enforcement outcomes between the period before 2009 and 

after 2009. During the year 2009 enforcement competences of environmental administrations 

have been broadened both in the Flemish and in the Walloon region. The idea was to lower 

the burden on courts and to alleviate their resource constraint. A related aim was to benefit 

from specialized knowledge on environmental issues at the administrative agencies and shift 

part of the environmental enforcement competences to them. This would be particularly 

useful given the often complex environmental caseload. We use the shift in enforcement 
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competences as a sort of natural experiment and evaluate whether there was an effect on 

settlement demands. Because the shift in competences occurred in the Flemish region and the 

Walloon region in the same year, we cannot do a difference-in-difference analysis. Rather, we 

have to limit ourselves to making a before-after comparison (for the entire caseload) between 

the years before 2009 and after 2009 (the year 2009 itself can be considered as a transitional 

year). 

In Table 32, we observe that after 2009 there seems to be a tendency to prosecute and settle 

less often, to the benefit of a higher dismissal rate. This can be interpreted as a reflection of 

the shift towards administrative enforcement, given that part of the dismissals are 

subsequently administratively penalized. However, one has to be cautious when interpreting 

the results in this sense, because a large share of caseload in recent years (2010-2011) is still 

under investigation. This may bias the analysis. 

What we do know is that for the cases that are being dismissed from criminal prosecution, 

there is an increase in the number that are going to administrative penalization while there is a 

decrease in the dismissals for opportunity reasons. This is shown in Table 33. This result 

demonstrates that the possibility to shift environmental enforcement towards administrative 

enforcement agencies is actually being used.   

 

Table 33: Reasons for dismissals of waste fraud cases 

 2006 2007 2008 2009 2010 2011 

% technical dismissals 32% 30% 32% 30% 30% 18% 

% opportunity dismissals 63% 65% 63% 50% 38% 26% 

% dismissals for 

administrative treatment 

5% 5% 5% 20% 32% 56% 

Total 100% 100% 100% 100% 100% 100% 

Let us now have a look at whether the observed shift in enforcement, towards administrative 

enforcement away from court procedures, has had an impact on the settlement amounts 

proposed by the prosecutor. We show our results in Table 34.  

Table 34: Evolution of median and average settlement proposals for cases of waste fraud 

 2006 2007 2008 2009 2010 2011 

Average settlement 

proposal (in €) 

400 485 398 574 738 442 

Median settlement 

proposal (in €) 

200-300 200-300 200-300 200-300 300-400 300-400 
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We find that settlement demands were indeed higher in the years after 2009 than before 2009. 

When we look at the median settlement that is proposed, we see that both for 2010 and for 

2011 the median value is higher. When we look at the average proposal, we see a slight 

increase in 2009 (which is the ‘transitional year’) and a significant increase in 2010. This is 

consistent with our theoretical prediction. In 2011, we do not find a similar increase. But this 

may equally be caused by the fact that we could only collect 14 settlement proposals for the 

cases that came in during the year 2011. Remember that we collected this dataset in January 

2012.  

3.4 Discussion 

What do these results tell us? We find that there has been an increase in the settlement 

demands made by prosecutors following the introduction of administrative enforcement 

competences for environmental offenses, in 2009. This increase can be interpreted along the 

lines of our theoretical model, because one of the aims of the enforcement shift was to 

alleviate the enforcement burden imposed on courts. In terms of our model, this means that 

the resource constraint is relaxed (   Kn
n

   ), which allows the prosecutor to demand 

higher settlements ( P
S
 ). Thus, we conclude that out theoretical analysis can help to 

explain our empirical results.  

However, we should stress that there are other possible reasons that can explain our empirical 

observation. In particular, our control for selection biases has been quite rough. We focused 

on a consistent inflow of waste fraud cases, but there may still be significantly different case 

characteristics within this inflow. Therefore, our observation that settlement demands are 

higher after 2009 may partly be caused by the fact that other types of cases are being 

considered for settlements than before 2009. It is likely that this selection bias effect can 

explain part of the shift in settlement proposals that we observe.  

However, we do find that settlement demands react to changes in the enforcement system. It 

is very unlikely that prosecutor’s preferences have shifted considerably in 2009. Therefore, 

we conclude that settlement amounts should be seen as the systemic result of the enforcement 

process, rather than as a direct reflection of a prosecutor’s preferences.  
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4 Conclusions 

In our theoretical analysis, we have developed a simple model to demonstrate how settlement 

demands are affected by prosecution constraints. The underlying reasoning is that settlement 

‘bargaining’ occurs in the shadow of trial in our model, in the same sense as plea bargains 

depend on expected court penalties. We have shown that these results are valid under different 

risk-preferences. We have also shown (in appendix) that the ‘innocence problem’ can cause 

innocent defendant to accept similar settlements more often than guilty defendants, if they are 

sufficiently more risk-averse. The implication of this is that the levels of settlement proposals 

should be seen in the context of a systemic view on the enforcement process and that the 

simple imposition of legal constraints on settlement amounts is unlikely to resolve the 

problem of insufficient deterrence for certain types of offenses.  

This model aligns with previous literature on litigation bargaining and mostly complements 

the analysis of negotiated enforcement as laid out in the article by Franzoni (1999). The main 

difference of our model is that we believe that resource constraints are the defining factor for 

subsequent prosecution effort (if settlement proposals are declined), whereas the prosecutor’s 

belief of guilt is the driving factor of prosecution effort in the model by Franzoni (1999). In 

our model, decisions made by different defendants whom each bargain with a single 

prosecutor are somehow linked. This is in line with the paper by Heyes & Kapur (2009), who 

argue that compliance decisions of multiple firms are strategic complements if the regulator is 

operating under a fixed budget constraint. Defendants cause positive externalities on each 

other as committing a violation becomes somewhat ‘less costly’ when more people violate. 

This is due to the presence of the fixed budget. In our model, defendants deciding whether to 

accept or reject settlement proposals cause negative externalities on each other as they could 

derive better settlement terms if they decided to jointly negotiate with the public prosecutor. 

In our model, higher settlement demands lead to lower per-case prosecution effort. This result 

is the opposite of what happens in the model by Franzoni (1999), where lower settlement 

demands being rejected would lead to lower prosecution effort.  

In the empirical illustration, our results are broadly in line with our theoretical model: if 

resource constraints are relaxed, settlement demands can be made more stringent. However, 

the empirical analysis is insufficiently sophisticated to rule out the possibility that the shift in 

settlement demands that we observe is due to a selection effect. In any case, we can conclude 

that settlement demands seem to be a systemic feature and do not directly follow from 

prosecutor’s preferences.  
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Appendix: Extension to address innocence problem 

We propose an extension of our theoretical analysis in which we relax the assumption that innocent 

defendants are always rightly acquitted in court. If some innocent defendants are wrongly convicted, 

the expected penalty in court for innocent defendants is no longer equal to zero. Let us introduce a 

parameter that represents court accuracy. This means that we assume that the probability of wrongful 

acquittals and wrongful convictions is symmetric and can be captured by one parameter . 

We assume that risk-preferences of innocent defendants can be measured by the parameter 
IN

i , which 

is uniformly distributed on the interval ,IN IN    . We also assume that 
GU

i  represents the risk-

preferences of guilty defendants and has a uniform distribution on ,GU GU    . The innocent and the 

guilty defendant who are indifferent between accepting a settlement proposal S and rejecting it are 

represented by ˆIN  and ˆGU which are defined through the following equations: 
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If we assume that 0.5  , which means that court convictions are not purely random or 

systematically wrong, we can establish that ˆ ˆIN GU  . This means that the indifferent innocent 

defendant is more risk-averse than the indifferent guilty defendant. Furthermore, if 
IN GU  and if 

IN GU  , this immediately translates into a higher rejection rate among innocent defendants: 

   IN GUP P  .  

However, it is relatively plausible that innocent defendants are generally more risk-averse than guilty 

defendants. This is in line with the observation that law offenders are often risk-loving individuals (see 

among others Becker, 1968). If 
IN GU  and if 

IN GU  , it is possible that rejection rates for 

settlement proposals are even higher for innocent than for guilty defendants:    IN GUP P  .  

This result is relevant for addressing the prosecutor’s problem of credibly committing to a certain 

prosecution effort (Nalebuff, 1987; Franzoni, 1999; Baker & Mezetti, 2001), as it shows that 

settlement rejection rates may even be higher among guilty defendants than among innocent ones. 

This is the case if guilty defendants are significantly more risk-loving than innocent ones and if court 

adjudication is not very accurate.  
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Chapter 6: General conclusions 

By way of conclusion, an overview is given of the most important contributions of the 

analysis. The link is made with policy recommendations and/or recommendations for future 

research.  

In chapter 2, we describe how (economic) penalty costs are taken into account when judges 

decide on punishments given in environmental law cases, which is in line with the 

proportionality principle. This consideration manifests itself in lower penalties being given to 

firms that are important employers. We also learn that there is no uniform way in which 

judges make the trade-off between socio-economic welfare maximization and compliance 

maximization. In practice there is significant heterogeneity among jurisdictions in the 

treatment of similar cases. This may follow from different ways of balancing the compliance 

incentives with limiting enforcement costs. In a theoretical model, we show that it is not 

necessarily optimal to impose maximal penalties even if compliance decisions are made in 

strictly rational framework. Lower penalties may be optimal if regulations are not efficient for 

all regulated entities and if sanctioning costs are not too high. If one would extend our 

analysis to non-rational agents, one would likely find even lower optimal sanctions, because 

accidental offenses cannot be prevented through higher penalties. The main conclusion for 

future research is that it is be difficult to model judicial decision-making in one uniform way 

given the significant heterogeneity in practice. Also, our empirical framework can be used for 

benchmarking between different regions/enforcement systems. We have conducted our 

analysis on a national level for Belgium, but extending this framework to an international 

level would be very interesting. 

In chapter 3, we developed a simple economic model to analyze why repeat offenses receive 

higher penalties in the presence of unobservable precautionary measures. We conclude that 

higher penalties for repeat offenders can be justified by a desire to identify intentional 

offenses and punish them harder than accidental ones. In the empirical analysis, we have 

shown this mechanism in practice. In terms of future research, we believe that more empirical 

analysis should be done towards investigating the enforcement decisions made in practice in 

different regulatory contexts, given the abundant theoretical literature and the limited 

empirical evidence on this topic. 

The main goal of chapter 4 was to analyze how similar cases would be treated differently in 

administrative relative to criminal enforcement. The relevance of this question is clear: given 
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the shift towards higher use of administrative enforcement for environmental violations it is 

important to assess how this development has affected/will affect enforcement outcomes. We 

conclude that this shift is probably a good idea in the spirit of tailoring enforcement treatment 

in a proportional way to the type of violation. Also, it leads to higher punishments rates, 

which is a remedy against the apparent under-enforcement of environmental law (as was 

mentioned in previous literature). However, one has to be aware that there is also a downside 

to this shift, namely that similar offenses receive lower penalties in case of administrative 

treatment. This is a negative effect from a deterrence perspective. This effect could make 

expected penalties lower and give potential violators less incentives to comply.  

From a methodological perspective we provide an approach on how to assess treatment 

differences in a legal context; a context that is plagued by selection bias, which makes it often 

difficult to learn about treatment effects. We use econometric matching methodology. We 

show that we can indeed eliminate selection bias and accurately measure treatment difference 

between two enforcement tracks. We believe that applying this methodology is quite 

promising in an empirical legal context and could be used to shed light on issues which are 

still unanswered today, such as: are judges in Wallonia more lenient in their sanctioning 

policy than in the Flemish region? Are administrative officials making similar punishment 

decisions than judges, (for example in the context of penalties imposed at the level of 

municipalities)? These have been quite topical issues in the Belgian media over the past few 

years.  

Our aim in chapter 5 was a systemic view on the environmental enforcement process. We 

developed a theoretical model to understand how this systemic view functions and asserted 

empirically that the pattern of enforcement decisions in practice is in line with our systemic 

view. As a consequence of our model, imposing legal constraints on allowable settlement 

proposals to address the issue of under-deterrence is likely to lead only to superficial effects. 

The policy recommendation that follows is: if one wants to address potential under-deterrence 

from committing environmental crimes, it would be better to increase prosecution resources. 

Imposing constraints on settlement proposals is more likely to lead to ‘reshuffling’ 

enforcement cases towards dismissal, rather than to any substantial differences. If one could 

quantify the parameters that we use in our model, it would be possible to assess ex-ante how 

much additional deterrence one could ‘buy’ by investing additional funds in legal 

enforcement activities. 
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