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Abstract:  
This article reviews fundamental economic concepts of enforcing environmental policies. It 
describes the basic economic theory of compliance with environmental regulations and reviews 
empirical tests of hypotheses that the theory produces. It also presents some conceptual notions 
about the efficient design of enforcement strategies. The article deals with enforcement of 
traditional command-and-control polices, as well as enforcement of newer price-based polices. 
To provide a consistent context the review is focused on enforcement of environmental policies 
directed at industrial sources of pollution, because this is the main focus of the related literature. 
However, the same fundamental concepts apply in many regulatory contexts.   
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1. Introduction 

Environmental regulations rely on effective enforcement strategies to achieve their goals. The 

basic elements of any enforcement strategy are monitoring the behavior of regulated entities to 

check for compliance and sanctions to punish individual violations. Ideally regulation of an 

industrial pollutant would be directed at plant emissions, and monitoring would then rely on a 

direct and continuous measure of each plant’s emissions. This is possible for certain sources and 

pollutants (e.g. sulfur dioxide and carbon dioxide emissions for large coal-fired power plants), 

but regulations often rely on estimated emissions. These estimates tend to be based on formulae 

that combine activity data like fuel and raw material use with emissions factors that specify 

emissions per unit of the activity. Other environmental regulations are not directed at emissions, 

so require different monitoring strategies.  For example, technology standards require an initial 

check to make sure that a firm has the required technology installed and running, and continuing 

checks to make sure the technology is maintained and operating properly. In practice, all types of 

environmental policies rely on firms’ self-monitoring and self-reporting of the data used to 

determine compliance. Much regulatory monitoring of environmental regulations is focused on 

firms’ self-reported information. However, regulatory monitoring also includes on-site 

inspections of records, record-keeping procedures, abatement and production equipment, and 

emissions. Sanctions for violations of environmental regulations, including reporting violations, 

range from simple warnings to financial penalties to criminal sanctions. Monitoring and 

sanctions to motivate violators to comply with a regulation is called specific deterrence, while 

using these activities to persuade others to not violate a regulation is called general deterrence.  

 The economic approach to evaluating and developing enforcement strategies is to first 

understand how monitoring and sanctioning activities affect the compliance incentives and 

behavior of regulated firms. This requires a combination of theoretical modeling and empirical 

tests of theoretical conclusions. Like nearly all economic decisions, the economics of firm-level 

compliance behavior and the design of enforcement strategies rely on balancing the expected 

benefits and costs of these actions. Economists assume that firms make their compliance 

decisions by comparing the expected costs and benefits of violating a regulation and then 

conduct empirical tests of the logical conclusions of this behavioral assumption. Likewise, the 

design and evaluation of efficient enforcement strategies would balance the expected social 

benefits of actions to increase compliance against the costs of these actions.   
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2. Fundamental economics of environmental enforcement  

This section presents a simple economic model of environmental compliance, a brief review of 

empirical tests of the behavioral hypotheses the model produces, and ideas about how this 

information can be used to design enforcement strategies.  

 

2.1 A simple economic model of compliance with emissions standards 

Consider a simple example in which a firm faces a fixed emissions standard. Its decision to 

violate the standard, and to what extent, depends on the expected cost of allowing its emissions 

to exceed the standard and the gain from doing so. If the firm is discovered violating the standard 

it faces a sanction, but discovery is uncertain because authorities cannot monitor the firm’s 

emissions perfectly. The firm’s gain from violating the standard is the reduction in its emissions 

abatement costs as it increases its emissions beyond the standard. If the firm violates the standard 

then it emits pollution up to the point where the marginal gain from higher emissions is equal to 

the marginal expected penalty from a higher violation.  

 This simple model produces several testable hypotheses that are critical for understanding 

compliance behavior and the design of environmental enforcement.  As greater monitoring 

intensity and higher sanctions both increase the expected costs of noncompliance, they should 

lead to fewer incidences of noncompliance, smaller violations, and reduced emissions. The 

stringency of the standard also affects compliance choices. All else equal, a firm will have a 

more difficult time complying with a stricter emissions standard.  

 A firm’s marginal cost of abating its emissions is also an important determinant of its 

compliance choice, because this is its marginal benefit of violating an emissions standard. Given 

a fixed standard and expected marginal sanction, a firm with higher marginal abatement costs 

has a greater incentive to violate a standard. Thus, higher marginal abatement costs are 

associated with more frequent and larger violations, and higher emissions. Firms’ abatement 

costs are determined by several underlying factors including their choices of production and 

abatement technologies, as well as the input and output prices they face. As these factors affect 

abatement costs they also affect compliance choices.  
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2.2 Empirical evidence of the determinants of compliance 

Empirical results about the determinants of compliance with environmental standards are mainly, 

but not exclusively, from studies of industrial facilities in the United States operating under 

federal air, water, and hazardous and toxic waste regulations.1 A large number of these studies 

have shown that inspections and sanctions effectively increase the compliance of targeted 

facilities (specific deterrence). Moreover, the literature shows that inspections and sanctions 

produce substantial improvements in the compliance behavior of non-targeted facilities (general 

deterrence). One study of compliance with water discharge standards from pulp and paper 

manufacturers found that an additional fine for violating discharge standards produces a large 

reduction in the statewide violation rate in the following year (Shimshack and Ward 2005). 

Another study of compliance with air pollution regulations by U.S. manufacturers found that 

inspections at a plant increased compliance at the plant as well as nearby plants in the same state 

(Gray and Shadbegian 2007). In both studies the general deterrence effect disappeared at state 

borders. 

 Given the effectiveness of enforcement activities in improving compliance with 

environmental standards, it is not surprising that several studies have found that monitoring and 

sanctions can produce significant reductions in emissions. Remarkably, one study of compliance 

with water discharge standards by pulp, paper and paperboard mills in the U.S. found that 

monetary sanctions on noncompliant facilities caused reduced emissions by over-compliant 

firms, i.e., those firms who already emitted below their permitted levels (Shimshack and Ward 

2008).  The basic theoretical model of firm compliance does not explain why pollution sources 

may over-comply. However, firms may have imperfect control over their emissions because of 

the possibility of accidents or equipment failures. In this case, a firm may decide to over-comply 

to limit the risk of accidental noncompliance. Moreover, firms may produce multiple pollutants 

jointly.  The different emissions standards the firm faces and its production or abatement 

technologies may imply that compliance with one standard causes it to over-comply with 

another.  

 While firms’ abatement costs are not easily observed by regulators, some observable 

characteristics of firms may be associated with abatement costs, which implies in turn that some 

                                                 
1 See Gray and Shimshack (2011) for a review of recent literature in this area. See Cohen (1999) for an earlier 
review of both the theoretical and empirical literature on environmental enforcement. 
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of these characteristics may be correlated with compliance decisions. In fact, there is empirical 

evidence that plant-specific characteristics like facility size, age, industry and ownership 

characteristics affect levels of compliance (Gray and Shadbegian 2005 and 2007). Moreover, a 

few studies have examined the impacts of facilities’ characteristics on their responsiveness to 

monitoring and sanctions (e.g. Earnhart (2009). Information about the responsiveness of different 

“types” of facilities can be used by regulators to target their enforcement efforts more 

productively.  

 Other factors not present in a simple economic model of compliance can also influence 

firms’ compliance choices. Communities can influence the environmental performance of firms 

with direct pressure or indirectly by pressuring regulators. Consumers can influence compliance 

with environmental standards with their purchasing decisions.  Moreover, investors can influence 

compliance behavior as they prefer to invest in companies with better environmental 

performance.  Indeed, there is some empirical evidence that community characteristics such as 

income, population density, and unemployment rate affect compliance decisions (Earnhart 

2004); that environmental noncompliance can affect consumer demand (Stafford 2007), and that 

stock prices are negatively affected by environmental enforcement actions (Badrinath & Bolster, 

1996). However, studies that compare government regulation and enforcement to these other 

determinants of compliance tend to find that government regulation and enforcement are the 

primary influences on compliance behavior (Shimshack 2007, pg. 23).  

 

2.3 The design of enforcement strategies 

Armed with a theoretically and empirically sound behavioral model of compliance, enforcement 

strategies can be designed to achieve particular goals. One approach that economists have taken 

to learn how to design enforcement strategies is to assume that an enforcement authority has a 

fixed budget with which it must choose how to distribute monitoring and enforcement resources 

across firms that face an exogenous set of emissions standards.2 In this set up, important 

elements of a policy are assumed to be fixed (standards and enforcement budget) and 

enforcement decisions are made to use scarce public resources in the most productive way 

possible. Since firms with different production processes, abatement technologies, and emissions 

                                                 
2 Garvie and Keeler (1994) take this approach. Stranlund and Dhanda (1999) take a similar approach for enforcing a 
tradable emissions permits scheme, and Macho-Stadler and Perez-Castrillo (2006) do the same for emissions taxes. 
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standards have different compliance incentives, an enforcer will pursue a targeting strategy in 

which monitoring and enforcement effort varies across firms. For example, if firms with certain 

characteristics tend toward higher violations than others, then authorities that are motivated to 

detect and punish those with higher violations will monitor those types of firms more closely.   

 A more economically defensible goal is to use limited enforcement resources to minimize 

aggregate noncompliance, which is the same as minimizing aggregate emissions. In this case, the 

regulator is not necessarily concerned about whether some firms have higher violations than 

others. The main concern is to direct enforcement effort to where it is most productive in 

reducing violations. An even better goal would be to distribute enforcement effort to minimize 

the environmental damage from violations. If emissions are uniformly mixed so that emissions 

from each firm have the same marginal impact on pollution damage, then minimizing damage is 

achieved by minimizing aggregate violations. However, if emissions are not uniformly mixed in 

the environment, then a targeted enforcement strategy would reflect differences in the 

productivity of enforcement effort in reducing individual violations as well as differences in 

firms’ contributions to environmental damage.  

 While important insights about targeting enforcement effort are obtained assuming the 

other elements of an emissions control policy are fixed, ultimately an efficient policy would 

specify all policy components jointly to maximize the expected net social benefit of the policy. 

In this way, efficient standards would be chosen together with a strategy to enforce them and the 

resources devoted to enforcement are endogenous rather than fixed in some arbitrary way 

(Caffera and Chavez 2011)   

 

3. Extensions of the basic enforcement model 

The basic model of environmental compliance has been extended in several ways. This section 

reviews two of the most important extensions.  

 

3.1 Voluntary self-policing 

As noted earlier, most environmental regulations require that firms self-report compliance data to 

authorities. Other regulations seek to encourage firms to voluntarily undertake environmental 

audits to uncover their own compliance problems, correct them, and report them to authorities. 

For example, the U. S. EPA’s Audit Policy reduces penalties “for regulated entities that 
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voluntarily discover, promptly disclose, and expeditiously correct noncompliance.”  Voluntary 

discovery, remediation, and disclosure are often collectively referred to as self-policing. 3   

 A significant body of economic theory examines the conceptual properties of policies that 

encourage self-policing.  See Innes (2001a) for a review of this literature. The main conceptual 

benefit of providing the incentive for firms to voluntarily report their violations is that those who 

do so do not have to be investigated by the government (Malik 1993, Kaplow and Shavell 1994). 

Enforcement costs can be reduced because regulators can target their monitoring effort at those 

who do not disclose a violation. Encouraging self-policing can also improve environmental 

quality because reported violations are always corrected, whereas without a self-policing policy 

violations are corrected only when they are discovered by authorities (Innes 1999). Finally, 

voluntary self-policing rules can be designed to eliminate the incentive firms have to undertake 

costly efforts to avoid government detection of violations, such as misleading inspectors or 

covering up incriminating evidence (Innes 2001b).  

 Researchers in this literature have also identified potential downsides to self-policing 

policies. Inducing self-policing requires that the penalty for disclosed violations must be reduced 

to compensate firms for their voluntary discovery costs, but doing so weakens deterrence and can 

lead to worse environmental performance (Innes 2001a). Moreover self-policing rules might not 

be as effective as hoped because firms fear that the information they discover might improve the 

government’s own monitoring efforts, thereby exposing them to a higher probability that the 

government will discover and penalize violations (Pfaff and Sanchirico 2000). In fact, several 

U.S. states provide some form of privilege for information revealed by voluntary discovery 

and/or limited immunity from sanctions for voluntarily disclosed violations.  Taken as a whole, 

the theoretical literature on voluntary self-discovery and disclosure rules is noncommittal on the 

question of whether voluntary disclosure policies are worthwhile complements to conventional 

enforcement strategies.  

 The same is true of the limited empirical literature. One study examined the effects of the 

EPA’s Audit Policy on the number and forms of self-disclosed violations, and found that the 

policy encouraged self-discovery and disclosure, but reported violations were minor in 

comparison with the violations uncovered by conventional EPA audits (Pfaff and Sanchirico 

                                                 
3 The EPA’s Audit Policy, “Incentive for Self-Policing: Discovery, Disclosure, Correction and Prevention of 
Violations.” http://www.epa.gov/compliance/incentives/auditing/auditpolicy.html. 

http://www.epa.gov/compliance/incentives/auditing/auditpolicy.html
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2004). A recent study is more positive about the performance of the Audit Policy (Toffel and 

Short 2011). It found that regulators reduced their inspections of firms that self-reported 

environmental violations, lending support to theoretical conclusion that voluntary self-discovery 

and disclosure rules can reduce regulatory monitoring effort. The study also found that self-

reporting firms improved their compliance and environmental performance.4  

 

3.2 State dependent enforcement 

The models of compliance discussed thus far are static models. Firms’ compliance choices, 

monitoring, and possible sanctions all occur in a single time period. This simplification does not 

allow for repeated interactions between environmental authorities and regulated firms; in 

particular a firm’s past compliance record and enforcement actions taken against it do not affect 

regulatory monitoring and possible sanctions in the present. Moreover, these static models do not 

explain why actual compliance levels of many environment regulations are significantly higher 

than one would expect given relatively low monitoring intensities and sanctions. (This is true in 

many other regulatory settings as well). Consequently, researchers have extended the static 

model of compliance to account for repeated regulator/firm interaction to try to explain this 

phenomenon.  

 In the simplest of these models, firms are placed in two groups (Harrington 1988). Firms 

in one group are targeted with more frequent inspections and a higher sanction for a violation 

than firms in the non-targeted group. A firm in the non-targeted group that is found to be in 

violation is fined and moved into the targeted group facing more inspections and a higher fine. A 

firm in the targeted group that is inspected and found to be compliant is moved to the non-

targeted group with some probability. Models of this sort have been called state-dependent 

enforcement models, because the monitoring intensity and potential sanction a firm faces for a 

violation depends on whether it was compliant in the past. State-dependent enforcement schemes 

can increase the incentive for firms to be compliant because of the additional enforcement 

pressure they could face in the future if noncompliant. Consequently, a firm may be compliant 

even when their benefit of noncompliance exceeds the current expected cost of noncompliance. 

Relative to a simple monitoring scheme of randomly selecting firms for inspection, regulators 

                                                 
4 To my knowledge the sole experimental study of self-policing policies is Murphy and Stranlund (2008). They also 
concluded that it is not clear that voluntary discovery and disclosure policies are a worthwhile complement to 
regular environmental enforcement.  
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can achieve greater deterrence with this state-dependent enforcement scheme without having to 

expend additional resources.  

 Empirical studies of state-dependent enforcement models with field data are limited. 

However, one study of compliance by U.S. pulp and paper manufacturers with Clean Water Act 

regulations found that the probability a facility was inspected in a quarter increased significantly 

if it was found to be noncompliant in the previous quarter (Helland 1998). This lends support to 

the notion that regulators may target firms with previous offenses.  In addition, a discovered 

violation in one quarter significantly increased the probability that a facility would self-report a 

violation in the next several quarters, suggesting that targeted facilities were more cooperative 

with regulators presumably to return to a non-targeted state. Unfortunately, there is little field 

evidence that targeted enforcement improves compliance rates.  

 When field data are limited, economists often turn to laboratory experiments to test 

hypotheses concerning individual behavior and the performance of policies.  While empirical 

studies with field data are critical for understanding the effectiveness of existing policies, data 

limitations and the inability to vary these policies in a controlled setting can preclude direct tests 

of theoretical predictions. Moreover, experiments provide direct control over the parameters of 

interest, which allows researchers to perform sensitivity analyses that may not be possible 

outside of the laboratory. Several laboratory studies have considered the performance of state-

dependent enforcement schemes (e.g., Clark et al. 2004, Cason and Gangadharan 2006). Most of 

these studies, but not all, find that these policies produce greater compliance than strategies of 

random inspections.     

 

4. Enforcing price-based control policies: Emissions taxes and tradable emissions permits 

Much of the economic literature on environmental enforcement has focused on the enforcement 

of command-and-control standards like emissions standards, performance standards, and 

technology standards. However, economists usually favor the use of price-based emissions 

control policies, in particular emissions taxes and tradable emissions permits (i.e., cap-and-

trade).  Under these policies, the control instrument is a price that sources pay to release 

emissions. An emissions tax provides this price directly, while the price emerges from trading 

under a tradable emissions permit scheme. The main benefit of well-designed price-based 

policies is that they promise to achieve environmental quality goals at lower cost than command-
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and-control regulations. The promise of cost-effective control has led to the implementation of 

many emissions permit trading schemes around the world. (Emissions taxes have not received as 

much attention).  Accordingly, economists have considered the unique compliance and 

enforcement problems under price-based emissions control policies.   

 Researchers have pointed out that enforcing price-based policies is quite different from 

enforcing command-and-control standards, mainly because the marginal benefit of 

noncompliance is the pollution price (e.g., Stranlund and Dhanda 2009). Under an emissions tax, 

the tax is a firm’s marginal gain from evading its tax liability. Under an emissions permit trading 

program, the permit price is the marginal gain from failing to hold enough permits. There are 

several consequences of this simple insight. First, a firm’s compliance decision depends on the 

pollution price and the enforcement strategy it faces, not on anything that is unique about the 

firm. In particular, its abatement costs and the factors that determine these costs need not have an 

impact on the firm’s compliance decision. This implies that targeted enforcement based on 

differences in firms’ characteristics may not be useful under price-based control. Recall that this 

sort of targeting is critical for the efficient enforcement of emissions standards.  

 Researchers have also shown that under reasonable conditions firms’ choices of 

emissions do not depend directly on the enforcement strategy they face. Under an emissions tax 

this implies that weak enforcement does not necessarily affect environmental performance. 

Changes in enforcement pressure affects levels of tax evasion, but need not affect levels of 

emissions. Under a tradable emissions permit program, changes in enforcement pressure do 

impact environmental performance, but only insofar as they change the permit price. Moreover, 

noncompliance under an emissions tax or emissions permit trading does not upset the cost-

effectiveness characteristic of these programs. Thus, the main problem of weak enforcement of 

an emissions tax is reduced tax receipts, while the main problem for emissions permit trading is 

higher aggregate emissions.  

 There are limited empirical investigations of compliance behavior and the performance of 

actual price-based control policies, mainly because of the lack of appropriate field data. 

Consequently, several authors have used laboratory experiments to test hypotheses related to 

compliance under price-based control. The results of one set of experiments confirm the main 

hypotheses about compliance and market performance for emissions permit trading. Increased 

enforcement pressure reduced aggregate emissions, but only indirectly through an increase in the 
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permit price, lending support to the hypothesis that enforcement does not have a direct effect on 

firms’ emissions under price-based environmental policies (Murphy and Stranlund 2006). The 

researchers also found strong support for the hypothesis that targeted enforcement is not 

productive for price-based policies (Murphy and Stranlund 2007). Finally the experimental 

permit markets were strongly cost-effective, despite imperfect enforcement and significant 

violations (Stranlund et al. 2009).  

 The economic theory about compliance behavior under price-based policies and 

experimental evidence that largely supports the theory allows researchers to address the problem 

of choosing optimal enforcement strategies for price-based control policies. This research 

suggests that an efficient price-based policy in which all the components of the policy are 

determined jointly will typically involve enforcement strategies that are stringent enough to 

motivate full compliance (Stranlund 2007, Stranlund and Moffit 2011, Caffera and Chavez 

2011). The keys to this result are first to recognize that sanctioning noncompliant firms is costly, 

and second that there are sufficient levers in the design of a price-based regulation (emissions 

permit supply or emissions tax, monitoring, and penalties) to achieve any level of aggregate 

emissions with full compliance without expending additional monitoring effort or setting higher 

marginal penalties.  

 Achieving full compliance under price-based policies requires accurate information about 

firms’ emissions. As with most environmental law, existing and proposed price-based polices 

require self-monitoring and self-reporting of data used to determine compliance and apply heavy 

sanctions for false reporting. Recent theoretical and experimental research has highlighted the 

critical role that self-monitoring and self-reporting plays in maintaining compliance in price-

based emissions control (Stranlund et al. 2005, Stranlund et al. 2011). In fact, this work suggests 

that setting requirements and incentives to motivate accurate self-monitoring and self-reporting 

by firms may be the most important task of enforcing price-based policies.   

 

5. Conclusion 

The economic literature on enforcing environmental regulations is extensive. This literature has 

provided important insights into the determinants of environmental compliance as well as 

conceptual notions about how to design efficient enforcement strategies. This article has 

provided a brief review of some of the main elements of this literature. 
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 Not surprisingly, there are gaps in this literature. For example, the debate about the value 

motivating voluntary self-policing is not yet complete. For another example, the economic 

literature has hardly addressed the problem of how inaccuracy in compliance monitoring and 

levying sanctions affects compliance behavior and the design of enforcement strategies. 

Moreover, new enforcement challenges crop up as environmental policies evolve. New policies 

to control greenhouse gas emissions must confront enforcement difficulties associated with 

monitoring multiple pollutants from a wide variety of sources and international markets for 

greenhouse gas emissions allowances. While the existing literature on enforcing environmental 

policies provides important lessons for enforcing emerging policies, these policies often involve 

unique challenges requiring new theoretical analysis and empirical tests. Accordingly, the 

economics of enforcing environmental policies will continue to develop as regulatory 

innovations emerge. 
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