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CHAPTER 4

ECONOMIC PERSPECTIVES ON ENFORCEMENT POLICY

This chapter examines the insights provided by econonic theory for the
design of policies to enforce environnental regulations. Section 4.1 briefly
reviews the econonmic literature on the enforcement of rules and regul ations.
Much of this literature addresses issues that are of linmted relevance to the
probl em of enforcing environmental regulations. Therefore, a nodel of optima
enforcement is developed in Section 4.2. This nodel attenpts to capture the
salient features of the various nodels presented in the econonic literature,
wi thout sacrificing sinplicity. In addition, the nodel is specifically
tailored to the problem of enforcing environnental regulations. The nodel is
primarily designed to exam ne the behavior of firnms that attenpt to maxin ze
their profits exclusively. Therefore the types of firns to which the node
devel oped in this chapter is relevant are those that will not tend to conply
fully with CW regulations unless they believe that conpliance will enhance
their profits. Thus, the enforcement nodel developed in this chapter is
clearly not relevant to firms that would conmply with environnmental regul ations
even if they could boost their profits by not engaging in costly conpliance
expenditures. Hence, this nodel of optimal enforcement is presented in order
to study how best to handle the subset of firms that will not conply with CWA
regul ations unless their profits are adversely affected by nonconpliance.

The exclusively profit-maximzing subset of firns (for which this model is
appl i cabl e) weigh the costs of conpliance against the probability of
apprehension and the fines faced if nonconpliance is detected. If the fines
and probabilities are too lowrelative to the costs of conpliance, these firns
may elect to violate the regulations, in a sense, ganbling that their
nonconpliance will not be detected and punished. The nodel developed in this
chapter elaborates on this basic point, outlining the decision making of this
exclusively profit-maximzing subset of firms, the cost and benefit
consequences for society of their decisions, and the optinmal response of EPA
in setting fines and all ocating scarce enforcenent resources. That is, EPA's
enforcement policy consists of two pieces -- fines and other types of
penalties that are inposed when an enforcement action is taken, and
enforcenent activities (e.g., nmonitoring, testing, record-checking,
inspections, etc.). The former has received nore attention under the guise of
"penalty policy", but the latter, "enforcenent strategy", is of equa
importance in the overall enforcement framework

The nmodel of these two prongs of enforcement policy developed in this
chapter does not provide a sinple fornula for calculating the optima
penal ties for nonconpliance and the precise enforcenent strategies in terms of
exact conclusions for targetting enforcenent resources, it offers a number of
insights regarding the design of an optinal enforcement policy. The analysis
suggests that the optimal nethod for targetting scarce enforcement resources
depends on four related factors:
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. the costliness of enforcenent (i.e., how expensive it is
to catch and fine violators);

. the economi ¢ value of the damages resulting from
violations to human health and environnental quality;

» the costs to violators of achieving conpliance; and

- the degree to which increased enforcenent efforts in a
given industry or area increase the perceived probability
of detection and penalization.

The anal ysi s suggests that enforcement resources (i.e., seeking penalties
and detecting violators) should be focused on nonconpliance that causes |arger
danmagaes to the environnent, in areas in which the costs of enforcement are
relatively lower, and on firms and areas in which substantial changes in the
perceived probability of apprehension for nonconpliance result from
enforcenment activities (although the inpact of higher conpliance costs on the
optimal level of enforcenent is anmbiguous). The framework also strongly
suggests that the penalties for failing to report a violation (e.qg.
falsifying data) must be set jointly with the penalties associated with sinple
nonconpl i ance. O herwise, it is possible for the penalty structure to cause
firme to falsify data and to conceal violations. The body of this chapter
devel ops and di scusses these conclusions in greater depth.

In Section 4.3, the analysis is extended to consider the problem of
nonconpl i ance when self-nonitoring/reporting is required. The analysis
reveals the inportance of properly structuring the penalties for exceeding an
effluent limt and for failing to report an effluent limt violation
Finally, Section 4.4 discusses the general inplications of econonic theory for
the design of effective enforcement policies. An appendix to this chapter
contains an exanpl e denonstrating the calculation of the optiml expected fine
for an effluent limt violation.

The discussion in this chapter is fairly technical. For readers who would
like to review the major conclusions of the chapter without delving into the
details of the analysis, a non-technical summary is presented below This
summary concludes with a review of the inplications of the econonic nodel for
both enforcenent strategy (e.g., targetting of enforcenment resources) and
penalty policy (i.e., optiml setting of penalties).

4.0 NON-TECHNICAL SUMMARY

A review of the econonmic literature identified a snall body of literature
rel evant to the econonics of enforcing environmental regulations. The
enphasis of this literature is on analyzing the behavior of firns
(dischargers) that do not fully conmply with various types of environnmental
regul ati ons because their commitnent to conpliance is too weak in the absence
of strong profit-related incentives to conply. However, only linited
attention is given in the existing literature to the problem of how to
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optimally enforce existing environmental regulations. Therefore, a new node
of optimal enforcenment of environmental regulations, in particular, effluent
limt regulations, is developed for this analysis.

The model devel oped has two key variables that are controlled by the
rel evant enforcenent authority:

. the penalty (fines or other penalties) for effluent limt
vi ol ations; and

. the perceived probability, or perceived frequency wth
which firns believe that they will be caught exceeding
their effluent limts and penalized for doing so.

These two variabl es together constitute an enforcement policy. Neither
alone is sufficient since both the size of the penalties levied and the
percei ved probability that they will be levied are both central to deternining
the degree of conpliance likely to be observed on the parts of firns that
require financial incentives to comply with environnental regulations. Thus,
the penalty for violations tines the perceived probability that violations
wi Il be caught and penalized is defined to be the expected penalty, that is,
the penalty that a firmbelieves it will pay for violations. Some of a firnis
violations are likely to go undetected and unpuni shed, whereas others wll be
detected and punished. This uncertainty is captured by the expected penalty
vari abl e, because the expected penalty essentially discounts the penalty for
violations by the perceived probability that violations nay be detected and
puni shed.

An interesting feature of the nodel of enforcement developed in this
chapter is that an analytical distinction is made between the perceived
probability of detection and penalization and the_objective probability. The
former concept is the one that regulates the behavior of firms since it is the
percei ved expected fine that helps to deternmine the degree to which firns will
conply with environmental regulations. The objective, or actual probability,
on the other hand, is the true probability of being detected and penalized
These coul d be different depending on the information available to firns
concerni ng past enforcement actions and future enforcement expectations.

I ndeed, sone enforcement actions are undertaken precisely because it is felt
that firns will greatly increase their expectations regarding the probability
of being caught and fined.

The expected penalty is the key paranmeter influencing a firms decision on
whether to conply with a regulation, given that the firmis one that falls
into the subset of firnms that will not conply with environnental regulations
without strong profit-related incentives to do so. Although the size of the
penalty is inportant, it alone does not determ ne conpliance or
nonconpliance. An extrenme case denonstrating this is one where a very high
fine is set, but no resources are devoted to nonitoring discharges and
detecting violations. In this case, the probability that firms are caught and
penalized is virtually zero. If the firns involved also perceive that the
probability is nearly zero, then the size of the fine is of little inportance
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because it will almst never be levied. Hence, for firms that do not require
financial incentives to conply with regulations, the penalties are uninportant
because these fornms always conmply. However, for the subset of firms that do
require such incentives to conply, if the probability of detection is
perceived to be virtually zero, then the inpact of nonconpliance on the firns
profits is positive (conpliance costs are avoided and no penalties are |evied).

Thus, an enforcement authority nust not only deternmine the appropriate
penalty to set for violations, but nmust also determine the appropriate
frequency with which dischargers should be nonitored and penalized for
violations in order to properly affect firms' perceptions of this
probability. Although attention to date has focused on the appropriate
penalties for violations (penalty policy), equal attention should be given to
firms' perceptions regarding the frequency with which firms will be nonitored
and penal ized for nonconpliance (enforcenment strategy). Together these form a
coherent enforcement policy.

The analysis shows that the optimal values of the fine and its perceived
probability (i.e., the values of these variables at which the benefits m nus
the costs of increased enforcenment are maxim zed) depend on four factors:

. the costliness of enforcenment (i.e., how expensive it is
to catch and fine violators);

. t he econom c value of the damages resulting from
violations to human health and environnental quality;

. the costs to violators of achieving conpliance; and

. the degree to which increased enforcenment efforts in a
given industry or area increase the perceived probability
of detection and penalization.

The precise value of the optinal fine, as well as the optinmal amount of
enforcenent activity (which deternmines the perceived probability of detection
and penalization), both depend on these four factors in a fairly conplicated
way. For instance, it is not generally true that the optimal fine is equal to
the sum of the benefits from nonconpliance (i.e. the conpliance costs

avoi ded), the damages due to nonconpliance, and the costs of enforcenent.

The analysis reveals that setting the penalty equal to the value of the
benefits from nonconpliance may do little to deter nonconpliance if firms do
not believe that violations are not always detected and fined. In these
cases, it may be in the discharger's interest to exceed effluent linmts
despite the attendant penalties, given that the firmrequires financia
incentives to conply with the regul ations.

In terms of targetting the enforcenment resources of the Agency, the
anal ysis indicates that resources should be focused (1) on violators that
i mpose relatively high damages, (2) on violators against whomit is relatively
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i nexpensive to bring enforcement actions, and (3) in those areas in which
relatively small enforcenent expenditures yield relatively large increases in
the perceived probability of detection and penalization (the inplications of
hi gher conpliance costs per se on the |evel of enforcement costs, are

anbi guous however). Mre precisely, if there are two or nore violators that
have simlar conpliance costs and inpose sinilar enforcement costs on the
Agency, then enforcenent resources should be targetted at the firmor firns
whose violations result in the largest damages. Simlarly, if there are two
or nmore violators that have roughly equal conpliance costs and inpose roughly
the sane danmges, then enforcenent resources should be targetted at the firm
or firms against whomit is least costly to take action. Finally, if two
types of dischargers inpose the sane danages, have the same conpliance costs,
and cost the sane to nonitor and to bring enforcenent actions, then
enforcenent resources should be targetted nore closely at the industry whose
perceptions of the probability of detection increase nore rapidly with the
underlying objective probability.

The analysis of self-nonitoring/reporting requirements denonstrates that
if firms are to have an econonmic incentive to report violations, the penalty
for not reporting an effluent limt violation rmust generally be far l|arger
than the penalty for the effluent limt violation. Qherwise, it is in the
di scharger's interest to conceal violations, given that the firm decides not
to conply with the regulations, which suggests that the penalties for failing
to report violations should be set jointly with the penalty for effluent limt
vi ol ations.

Implications of the Model for Enforcement Policy

Pl aci ng the conclusions of the econonmic nodel of optimal enforcenent in
the context of EPA's enforcement of CWA regul ations, several genera

conclusions emerge. These fall into the following three categories:
i Targetting Enforcenent Resources;
N Vi gorous Enforcenent of Self Monitoring/Reporting

Requi renents; and
. Refining Penalties for Violations.

The first category concerns enforcenment strategy, in the sense that it
refers to how Agency resources mght be best utilized to achieve maxi mum
conpliance and, presumably, the greatest environmental benefits. The second
and third categories concern penalty policy, (i.e., how penalties might be
adj usted to ensure that future nonconpliance is deterred). Each category is
di scussed bel ow.

Targetting of Mnitoring Resources

As discussed in Chapter 2, the enforcement process has three major steps:

. Monitoring conpliance and detecting violations;
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. Taki ng action against violators -- seeking penalties, if
necessary; and

o Following up on violators to ensure that they undertake
the agreed upon efforts to limt future violations.

Qur study indicates that the first step in this process may well be the
nmost problematic. In general, the difficulty of nonitoring conpliance and
detecting violations depends on the form of nonconpliance. The failure of a
facility to regularly subnmit a discharge nonitoring report is not difficult to
detect; it sinply requires checking the facility's subm ssions against the
relevant schedule. Simlarly, determ ning whether or not a facility has
installed specific types of abatement equipnment can be acconplished with
relative ease. Detecting effluent linmt violations, on the other hand, is not
as sinple because it requires continuous nonitoring and analysis of a
facility's discharges. Gven the difficulty and expense of continuously
monitoring discharges, this is typically achieved by neans of "grab", or
conposite, sanpling of discharges, which only provide a "snapshot" of a
facility's conpliance status. Gven the large nunber of dischargers and
constraints on the resources available for nonitoring discharges, sanpling of
di scharges by federal and state officials is carried out relatively
i nfrequently.

The large share of the burden for monitoring discharges is placed on the
di schargers thenselves. Dischargers are required to report significant
violations and to periodically submt discharge nonitoring reports even if
they are in conpliance. |If dischargers conplied perfectly with these
self-monitoring/reporting requirements, detecting violations would not be a
problem  However, because (detected) violations bring the threat of
enforcenent action, firnms may be reluctant to report violations and submit
discharge nonitoring reports. O, if they do report violations, there is an
incentive for dischargers to understate the extent of their violations.
Therefore, to ensure that firms report violations, or that they report them
accurately, it is essential for the Agency to routinely nonitor and anal yze
di schar ges.

The problem as noted earlier, is that monitoring and anal yzing di scharges
is costly because there are thousands of dischargers to be nmonitored. Since
only a limted amount of resources can be devoted to monitoring efforts, the
probl em becormes one of determ ning how frequently different dischargers should
be monitored by the Agency or state authorities. The focus of monitoring
efforts should clearly be on dischargers (1) that are likely to be
nonconpliant, and, within this group, on dischargers that are likely to inpose
relatively large damages due to nonconpliance, and (2) against which
enforcement action is likely to be relatively inexpensive. The Agency has
al ready gone a long way in this regard by devel oping the major/ m nor
di scharger classification and developing criteria for identifying significant
violations. There may be scope for nore targetting along the follow ng |ines:
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(1) Technical Criteria that Correlate Wth Nonconpliance -- It is
possible that there are technical aspects of production processes or effluent
control that correlate with nonconpliance. For exanple, it could be that
firms whose production processes generate different types of effluents at
different tines may be nore likely to be in nonconpliance than firms whose
processes generate the same |evel and types of effluent nost of the time. If
such criteria can be identified, this suggests that the technica
characteristics of a discharger's production and treatment process nmay be one
useful criterion for targetting nonitoring resources.

(2) Unannounced Inspection Visits -- A recent survey of state enforcenent
agenci es conducted by Resources for the Future (Russell, Harrington, and
Vaughan, 1985) indicates that the agencies frequently notified dischargers of
upcom ng inspection visits; only a small fraction did not do so as a matter of
policy. If firms are able to alter the quantity or conposition of their waste
streanms on short notice, the conpliance status of a discharger observed during
an inspection visit may not present an accurate picture of the discharger's
day-to-day conpliance status. Dischargers may step up treatment processes
during inspection visits and shut down particularly noxious production
processes to limt the extent of any violations with permt requirenent. On
the other hand, ONEP recommends that firms be notified that an inspection
visit will occur within the next six months, but should not be told when the
visit precisely the visit will occur. Analytically, this is equivalent to
unannounced inspection visits, as reconmrended here.

(3) Tying Inspection Frequency to Past Behavior -- Currently, inspection
frequencies are primarily determned by the classification of a discharger as
a mgjor or a minor discharger. The survey of state agencies referred to above
i ndi cates that major dischargers are inspected roughly four times a year
whil e mnor dischargers are inspected on the order of once a year. It does
not appear that the past behavior of dischargers is routinely incorporated as
a dom nant criterion in determning how frequently dischargers should be
i nspect ed.

However, to the extent that past behavior of dischargers is correlated
with future behavior, basing inspection frequencies on past behavior is
anot her potentially useful neans of targetting scarce enforcenent resources.
Thus, it may be fruitful to inspect nmore frequently those dischargers that
have a history of nonconpliance, and give |less attention to dischargers that
have proved to consistently satisfy their permt requirenents. The |inkage
bet ween inspection frequency and past behavior could take a variety of forms
and it could be specified by an appropriately constructed fornula or be based
on a less fornmal and nore subjective scheme. Regardless of the nethod used
for linking inspection frequency to past nonconpliance, it would still be
necessary to at |east occasionally inspect all dischargers regardless of their
conpliance records, in order to provide themwth an incentive to remin
conpliant.
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More Vigorous Enforcement of Self-Monitoring/ Reporting Requirenents

Even if nonitoring resources are better targetted, the sheer nunber of
di schargers and the constraints on state and federal enforcement resources
imply that self-nonitoring and reporting will continue to be the backbone of
the conpliance nonitoring program At present, it appears that far nore
attention has been given to taking enforcement action against effluent limt
violations than to self-nmonitoring/reporting violations. For instance,
relatively detail ed guidelines have been devel oped for assessing penalties for
effluent limt violations, but anal ogous guidelines have not been devel oped
for self-monitoring/reporting violations. Although it is true that effluent
limt violations are the ultimte objects of concern, self-nonitoring/
reporting violations are no less inportant since they are likely to concea
effluent linmt violations (a discharger faced with even a mnimal penalty for
failing to subnmit a discharge nonitoring report would presumably submit a
report if it were compliant with all effluent limts).

Gven the position of self-nonitoring/reporting in the overall enforcenent
programit is inportant that this deficiency be remedied. Detailed and
easy-to-use guidelines should be established for penalizing nonitoring/
reporting violations. This alone would foster nore vigorous enforcement of
moni toring/reporting requirenents by making it easier for regional and state
authorities to assess penalties for nonitoring/reporting violations. In
addition, the Agency as a whole should nake a commitment to nore actively
pursue penalties for failing to submt monitoring reports.

If firns are to have the proper financial incentive to report violations,
an appropriate relationship must be naintained between the penalty for not
reporting effluent limt violations and the penalty for the effluent limt
violation itself. In general, the penalty for not reporting nust be severa
ti mes higher than the penalty for the effluent linmt violation. This
rel ati onship shoul d be considered when devel opi ng guidelines for
moni toring/reporting violation penalties.

As in the case of inspection frequencies, present and future frequencies
of self-rmonitoring/reporting could be routinely linked to the accuracy,
conpl eteness, and punctuality of past reports, as well as the extent and
frequency of actual effluent limt violations. Thus, a discharger that has
consistently satisfied monitoring/reporting requirenents and has not
substantially exceeded effluent limts would be required to submit
sel f-monitoring reports less frequently than dischargers that have not done
so. Not only does this reward past conpliance and cooperation by the
di scharger, but it also serves to conserve resources on the part of both the
di scharger and the enforcenent authorities who are required to process and
anal yze the reports. It should be noted, however, that this would require
maj or changes in the NPDES pernit.

Thi s suggestion is once again based on the prenmise that past behavior of
di schargers is likely to be a good indicator of future behavior. Any schene
for determ ning reporting frequency would have to be flexible enough to
acconondat e cases where evidence suggests that this prem se nay not be valid.
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For exanple, a discharger with a history of conpliance that has within the
recent past altered production processes or undergone a change in managenent,
woul d be required to increase its frequency of self-nonitoring/ reporting.

Refining Existing Penalty Policy for Effluent Limt Violations

The difficulty of accurately quantifying the extent of effluent limt
violations inevitably conplicates the penalty determnation process. However,
even in cases where violations are easily measured, our case studies suggest
that current penalty policy as actually practiced may not provide firns with a
clear financial incentive to conply with effluent limits.

Exi sting EPA penalty policy states that penalties should recoup the
benefits to the discharger from nonconpliance and, in addition, should include
an anount reflecting the gravity of the violation. In practice, however,
given the difficulty of placing a dollar value on the damages resulting from
violations (the gravity conponent), the focus of penalty determ nations is on
the benefits to the discharger of nonconpliance. Penalty assessnments conmmonly
do not exceed the (full) benefits to the firm of nonconpliance. However, the
nodel indicates that a penalty equal to the benefit of nonconpliance is
unlikely to provide dischargers with the necessary financial incentive to
conply with effluent limt requirenents. More precisely, the analysis
indicates that if all effluent Iimt violations are not detected and penalized
with certainty, a penalty set equal to the benefits enjoyed by the firmfrom
nonconpliance will not deter violations. This result can be nade intuitive by
considering the followi ng highly sinplified exanple.

Suppose that a discharger's nmonthly cost of conmplying with its NPDES
effluent limts is $1,500 and the penalty the discharger would face if it did
not incur any of of these costs is $1,502, which is the benefit from
nonconpliance (i.e., the conpliance costs avoided) plus a mniml gravity

conponent . In deciding whether or not to incur the $1,500 and conply with its
effluent limts, the discharger would take into account the Ilikelihood of
bei ng caught and fined if it does not incur the conpliance costs. |f the

di scharger perceives that it will be caught and fined each and every tinme it
fails to incur the necessary conpliance costs, it is in the discharger's
financial interest to conmply with the effluent limts since the penalty
exceeds the conpliance cost.

In practice, however, it is unlikely that each and every violation will be
detected. Even if current violations are detected, past violations are
difficult to verify. Suppose that only one of every two violations would
actually be detected and penalized. On average, the firmwould expect to pay
a penalty of $751 for each nmonth it does not incur the costs associated with
meeting its effluent linmts (0.5 tines $1502). This is smaller than the $1500
cost of conpliance. It would therefore be in the discharger's financia
interest not to incur the conpliance costs and sinply pay the penalty whenever
it is caught violating its effluent limts.
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This exanple illustrates that the penalty nust be adjusted for the
l'i kel'i hood or probability that a discharger will be caught and fined for
violations if it is to have the desired deterrent effect. Under existing

policy, however, there are no provisions for doing so. Although it is
difficult to determine the probability with which firms are caught and fined
for violations, further attention nmust be given to devel opi ng nethods for
estimating this likelihood so that it can be nore easily incorporated in
penalty deterninations.

4.1 REVIEW OF THE LITERATURE

The first formal econom ¢ analysis of nonconpliance and enforcenment was
presented by Becker (1968). Using a fairly sinple nmodel, Becker exani ned
several hypot heses regarding crininal behavior and the socially optina
deterrence of crime (broadly defined). Al though Becker's npdel and analysis
have been shown to be flawed!, his paper generated considerable interest
among econonists and focused attention on. the econom c aspects of enforcing
rules and regul ations.

A detailed description of Becker's nodel is not warranted here given its
abstractness and linmted relevance to the analysis of pollution contro
enf or cenent . However, a brief sketch of its relevant features woul d be
appropriate, since the nodel is the point of depature of much of the
subsequent economic literature on enforcenent. Morreover, the nodel of optina
enforcenent presented in Section 4.2 is very simlar to Becker's in ternms of
its general structure.

As noted above, Becker's nodel is highly stylized. The only two policy
variables contained in the nodel are: (1) the probability of paying a fine
for comiting an offense or crine, and (2) the magnitude of the fine.
Implicit in this fornulation is the assunption that all penalties have some
monetary (i.e., fine) equivalent. For exanple, it is assumed that a prison
term has a fine equivalent; thus, a person would be indifferent between, say,
a nonth in jail and a fine of $3,000

The probability of an offender paying a fine is a conposite of the
probabilities of detecting the offense, catching the perpetrator, assessing
the fine, and collecting it. By varying the probability of paying a fine and
the magnitude of the fine, the government (or other relevant body) can contro
t he nunber and magnitude of offenses -- the higher the fine or the probability
of paying it, the lower the general |evel of offenses.

! For an excellent critique of Becker's work see the article by Stern in
the volune edited by Heinecke (1977).
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The relevant enforcement paraneter to the offender is assunmed to be the
expected fine, which is sinply the product of the fine (f) and the probability
of paying it (P).2 Thus, an offender is assumed to be indifferent between a
high fine with a |ow probability and a low fine with a high probability, as
long as the magnitude of the expected fine (pf) is the same. So, for exanple,
probability/fine conbinations of (0.1/$100) and (0.5/$20) would be perceived
as equivalent by an offender, because both yield an expected fine of $10 (0.5
x $20 = 0.1 x $100 = $10).

The governnent's assumed objective when setting the probability and fine
for an offense is to mnimze the sumof the social costs of deterring the
of fense and the social danmages associated with the offense. The two mgjor
policy-oriented conclusions of Becker's analysis of this nodel are that:

. It is generally not socially desirable to conpletely
elimnate crime; and

. The econonmically optimal fine is equal to the offender's
weal t h.

Both these conclusions are rather striking and nerit some expl anation.
In the case of the first conclusion, Becker introduces the notion of an
"optimal level of crime", at which the marginal, or increnental, costs of
deterring crime are bal anced by the marginal social damages associated with
crime. In general, the optimal level is one at which some offenses are
tol erated because the costs of totally elimnating them exceed the damages
they generate.

The economi c rationale underlying Becker's second conclusion is sonewhat
more involved. The conclusion follows from Becker's argument that, from a
soci al standpoint, raising the probability of paying a fine is socially costly
because it entails devoting nore resources to apprehendi ng of fenders,
gathering evidence, and so forth whereas raising a fine is virtually costless
since it merely represents an increased transfer paynent fromthe offender to
society, via the government. Al though Becker concedes that there are rea
resource costs associated with collecting fines, he contends that these are
| argely independent of the magnitude of the fine: the cost of collecting a
large fine is not nuch greater than the cost of collecting a snall fine.
Gven this argument, it is clear that the |east cost way to achieve any
desired expected fine level is to set the fine as high as possible and then
adj ust the probability of paying the fine until the desired expected fine is
achieved. The upper limt on the fine is, of course, the individual's wealth,
since this is the maxi mumthe individual could pay (assuming that al
penalties are nonetary). This, of course, also sets the upper linmt on the
expected penalty, since the probability of detection cannot be greater than
one.

2 Formally, the assunption is that offenders are risk-neutral
Al t hough Becker's analysis is by no neans predicated on this assunption, it is
used here to sinmplify exposition of his nodel and results.
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Al though Becker's first conclusion is w dely accepted, his second
concl usi on has been the target of considerable criticism both on ethical and
econonic grounds. Many have argued, for exanple, that setting the fine for
say, double parking equal to an offender's wealth, as Becker's analysis
suggests, is ethically unacceptable. I ndeed, Becker's analysis suggests that
the fine for virtually any offense, regardless of its nature and the socia
damages it causes, should equal the offender's wealth. However, as Stigler
(1970) has pointed out, fines should be set so as to preserve what he terns
“marginal deterrence". That is, fines should be set so as to provide greater
deterrence for a serious offense than for a | ess serious offense. Stigler
argues that setting fines for all offenses equal to an individual's wealth
woul d be inconsistent with preserving marginal deterrence.® For example, if
the fine for failing to install pollution control equipnent is identical to

the fine for inproperly operating installed equipnment, a firmwould choose not
to install equipnent.

Gt her anal ysts have criticized Becker's second conclusion on the grounds
that there are significant costs to collecting higher fines, contrary to what
Becker assumes. It has been argued, for instance, that higher fines are
likely to induce offenders to engage nore heavily in avoi dance activities,
such as tying up the relevant government agency in |legal maneuvers or bringing
political pressure to bear on the agency. As MKeen (1980) has pointed out,
outlays by industry on such activities over the past decade have been
consi derabl e, and have undoubtedly raised the resource costs to society of
enforcing environmental regulations.

G ven the above criticisnms of Becker's (crucial) assunption regarding the
costliness of raising fines, it is apparent that the optinmal fine will, in
general, not equal the offender's wealth. Instead, its value will be
determined by the relative costs of raising the probability of the fine and
raising the fine itself. This issue is explored further in Section 4.2.3

Since the path-breaking work of Becker and Stigler, nunerous articles and
books have appeared on the subject of nonconpliance and enforcement.®*
Unfortunately, much of this work is of linmted relevance to the problem of
enforcing pollution control regulations. However, a small body of literature
has accurul ated that specifically addresses the problem of nonconpliance and
enforcement in the context of pollution control regulations. The earliest
work in this category is by Downing and Watson (1974). Using a detailed
simulation nodel, they examine the effects of alternative pollution contro

3 Although Stigler's argunent seens quite reasonable on the surface, it
is not entirely correct since deterrence is determned by the expected fine
and not just the fine. Since the expected fine is equal to the fine times the
probability of paying it, marginal deterrence could be preserved even if the
fines for offenses are identical by varying the probability of paying the fine
for different offenses.

“ For a recent survey of much of this literature, see Pyle (1983).
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and enforcement policies on particulate matter enissions from coal-fired power
plants. Although their results are specific to the problem they exanine, and
not particularly relevant to the issues addressed here, their study is
noteworthy for its enpirical focus. I ndeed very little quantitative,

enpi rical work on nonconpliance and enforcenent has been done since their

st udy.

The first theoretical paper on nonconpliance and enforcement was
published by Harford (1978). The paper presents a nodel of a nonconpliant,
risk-neutral firmunder two different pollution control policies: effluent
limts and effluent taxes. A similar nodel is devel oped by Storey and MCabe
(1980) for the case of a risk averse firm Both sets of authors denpbnstrate
that firns are nore conpliant when the probability of detecting and punishing
violations and/or the penalty for violations is raised. (This result is
derived and explained in Section 4.2.) However, neither Harford nor Storey
and McCabe address the problem of determining the socially optinmal probability
and penalty.

More recently, Beavis and Wl ker (1983) devel oped a nodel of a nmarket for
transferable pollution rights in which firns are nonconpliant. Their nodel is
notable in that it explicitly addresses the fact that discharges are
(frequently) stochastic (i.e., the quantity and conposition of discharges are
partly determned by random events, such as equipnent malfunctions, that are
beyond the control of the discharger). However, because the focus of their
paper is on markets for transferable pollution rights, their results are of
limted relevance to existing pollution control policies.

In addition to the above papers, specific nention should be nade of the
research done at Resources for the Future (RFF) on pollutant discharge
moni toring (Russell, Harrington, and Vaughan 1985). The enphasis of this
research is on the use of statistical quality control techniques for
moni toring pollution discharges that are stochastic in nature. The research
does not explicitly address the problem of optimal enforcenent; in particular,
it gives linmted attention to the structure of optimal penalties. Although
the results obtained by the RFF team are not pronising, the research is unique
in attenpting to provide operational solutions to the problem of designing
effective nonitoring strategies.

4.2 A SIMPLE MODEL OF OPTIMAL ENFORCEMENT

This section presents a sinple nodel of optinmal enforcement policy that
attenpts to capture the salient features of the various nodels of enforcenent
presented in the economic literature. The nodel differs from those presented
in the economic literature in that it is specifically tailored to the problem
of enforcing environnmental regulations, in particular, regulations that limt
pol | utant discharges.

Before presenting the nodel of optimal enforcenent, a nodel of a
nonconpliant firmis devel oped and used to establish the relationship between
the enforcement policy and the firms level of nonconpliance. This
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relationship is then used in devel oping the optimal enforcement nodel. It is
i mportant to remenber, however, that the focus of this chapter is on firms
that require financial incentives to conply with environmental regulations:
Thus, firms that elect to conply even in the absence of penalties or other

i nducenents are not described by the model developed in this section. Only
firms that strictly maxim ze profits are the focus of this nodel

4.2.1 Model of a Noncompliant Firm

Enforcenent of regulations is a conplex process not only because the sets
of instruments and nethods available to authorities are numerous and
interrelated, but also because conducting enforcenent policy occurs within the
context of firmprofit maximzation. That is, for firms that require
financial incentives to conply with regulations, enforcenent policy nust take
into account the fact that these firnms make choices and alter their behavior
in response to changes in enforcement policy itself. Hence, the only way to
under stand how changes in enforcenent policy (changing penalties or altering
the perceived probability of detection and penalization) can better achieve
enforcenent goals is to first characterize how this subset of firms respond to
different financial incentives. Hence, this section presents a stylized node
of how these types of firms decide the degree to which they will conmply with
environnmental regulations, based only on the financial incentives offered by
enforcenment policy.

The extent to which firms violate a regulation, if they do so at all
depends on the relative magnitude of the conpliance costs and the expected
penal ties for nonconpliance that they face.® Thus, the subset of firns that
will not comply with regulations in the absence of financial incentives to do
so tend to weigh the expected costs associated with being detected and fined
for their nonconpliance against the costs of conpliance. The expected penalty
for nonconpliance is sinply the product of the perceived probability of being
caught and fined for a violation and the fine.® Although often overl ooked
in the policy literature, the perceived probability of catching and fining
violators is as inportant as the magnitude of the fine. For exanple, if no
resources are devoted to detecting nonconpliance and firms know this, a fine,
no matter how large, will have no deterrent effect since the perceived
probability of being fined will probably be zero.

This inplies, as a consequence, that enforcement policy is conposed of
two integral parts: (1) the fines and penalties for nonconpliance (penalty
policy), and (2) the level of enforcement activities (enforcement strategy).
Since the subset of firns that require financial incentives to induce themto
conply with environnmental regulations respond to the expected penalties, their

5 W assune, for sinplicity, that firnms are risk-neutral

¢ Throughout this section, the terns "penalty" and "fine" are used
interchangeably. This inmplicitly assumes that all penalties have nonetary
equi val ent s.
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perceptions of the probability of being caught and penalized are just as
important as the penalties thenselves. Deterrence depends centrally on firns'
perceptions of what penalties and probabilities of detection and penalization
are, not necessarily the actual objective probability. Hence, to the extent
that the probability of enforcing against a nonconpliant firmis believed to
be nore probable than it actually is, the expected penalties anticipated by
firms are higher than one might otherwi se think. Together the penalties and
the perceived probabilities formthe expected penalty to which firms respond
in their conpliance decisions. Both penalty policy and enforcement strategy
are therefore included in the expected penalty.

Enf orcenent Policy and Nonconpliance

In general, nonconpliance with regulations can range from snall violations
to very large ones. For instance, a firmfacing a regulation linmting tota
di scharges of nercury to 10 granms per day might conply with the regulation and
never discharge nore than 10 grans per day, exceed the linit by a relatively
smal | amount and di scharge, say, 11 grans per day, or exceed it by a wde
margin and discharge 100 grans a day. W shall refer to the difference
between the actual amunt the firm discharges and the anpbunt it is allowed to
di scharge as the violation size. In the exanple just presented, the three
potential violation sizes are: 0, 1, and 90 grans.'

Firnms that require financial incentives to conply with the regulation wll
tend to conply with regulations only to the point at which it nmininizes the
sum of the conpliance costs and expected penalties faced. Exhibit 4-1(a)
depicts a firms conpliance costs and expected penalties as a function of
violation size. The nonetary value of the damages avoided are al so depicted
(al though, by assunption, these do not influence the firms conpliance |eve
since we are dealing here with firns that do not wish to comply with
regul ati ons except to the extent that financial incentives exist for themto
do so).

As shown in the figure, the firms conpliance costs (CC®) dimnish as
the violation gets larger (since |less control costs less), whereas the
expected penalty (EP) rises as the violation gets larger. Larger violations
are assumed to pose larger penalties, so in the face of a constant perceived
probability of detection and penalization, the expected penalties firns
perceive rise with larger violations.

The dollar value of the damages avoi ded (DA®) al so dinminish as the
violation gets larger. Danmages avoided are cal culated by subtracting the
damage associated with a particular violation size fromthe danage associ at ed
with the maxi mumviolation size that a firmwuld choose. For exanple, if the.

“In this sinple nodel, we abstract fromthe possibility that violations
may be determi ned by averagi ng several days' effluent information, as well as
other conplexities of the enforcenment-conpliance process.
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Exhibit 4-1
Noncompliant Firm’s Violation Size

EP = expected penalty
CC =compliance costs
DA =damages avoided
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danage associated with the maxi mum violation size is $100, and the danmge
associated with a violation size of, say, 2 grans, is $90, then the danmge
avoi ded given a violation of 2 grans is $10 ($100 - $90). Assuming that
damages increase with the size of the violation, damages avoi ded decrease as
the violation gets |arger.

Exhibit 4-1(b) shows the "marginal curves" corresponding to the "tota
curves" in Exhibit 4-1(a). The marginal conpliance cost curve (MCC®) slopes
downward, which is consistent with both intuition and enpirical observation
the unit cost of abating pollution rises as less and less pollution is
generated (i.e., as the violation size gets smaller and smaller).® For
exanple, reducing a violation by one gramis generally cheaper when the
initial violation is 90 grams than when it is two grans. The downward sl ope
of the MCC® curve al so suggests one of its central roles in the analysis
(i.e., it neasures the marginal benefit to the firmof |ower conpliance, since
these are expenditures avoided).

The marginal expected penalty curve in Exhibit 4-1(b) (MEP) is flat given
the sinplifying assunption that total expected penalties increase linearly
with violation size. As long as the perceived probability of detection and
penalization is constant, under this linearity assunption, each unit of
additional violation raises the expected penalty by the perceived probability
of detection and penalization times the marginal penalty per unit of
violation. The expected fine per unit violation is therefore constant (e.g.
$100 per gram of mercury over the allowed daily level).

The margi nal damages avoi ded curve (MDA") is also flat given the
sinmplifying assunption that damages avoi ded decrease linearly with violation
size.® This inplies that the nonetary value of the damage resulting from
each unit of pollution is constant, and does not vary with the total anmount of
pol l ution generated.

The firm's degree of nonconpliance is given by v*, which is the violation
size at which the marginal saving in conpliance costs is equal to the margina
expected penalty. The reason why a violation of this size mnimzes the sum
of the firnmls conpliance costs and its expected penalties is clear from
Exhibit 4-1(b): as a violation larger than v*, the increnental savings in
conpliance costs are snaller than the increnental costs in the form of what
the firmbelieves to be the higher expected penalties it faces. Conversely,
at a violation smaller than v*, the incremental savings, in terns of what the

® The curve | abel ed MCC® actually gives the negative of margina
conpl i ance costs and shoul d therefore be |abeled -MCC®; however, in order to
mai ntain consistency with later figures, and to avoid confusion, the mnus
sign is onmitted in the figure. This caveat also applies to the margina
damages avoi ded curve.

® This assunption does not affect our conclusions.
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firmbelieves to be the [ower expected penalties, are snaller than the
increnmental conmpliance costs. Fromthis it should be clear why it is the
firms perception of penalties and the probability of detection and
penalization that matters for determining its degree of conpliance, not the
actual underlying objective probability. It is perceptions that notivate
firms' choices, hence the perceived expected penalty matters for enforcenent

policy.

The nodel of the nonconpliant firm assumes inplicitly that firms are not
routinely forewarned of on-site inspections. Thus, firns are assuned to face
at least some uncertainty about when they are inspected. In practice
however, firms are frequently notified in advance of upcom ng inspections.
This affects our analysis only if firms are able to easily reduce their
di scharges on short notice by shutting down production processes and stepping
up treatment of effluents. If this is feasible, firns could quickly bring
t hemsel ves into conpliance during on-site inspections, naking it difficult for
the agency to detect violations.

In general, the feasibility of this sort of strategy depends on the
production and treatnent technol ogies involved and the amount of advance
notice the firmis given. Standard biological treatnent processes for
wast ewat er have start-up times of several days, which makes it difficult to
step up treatnment on short notice. Mreover, even if it is technically
feasible to reduce pollution discharges on short notice, the associated costs
may be high enough to dissuade firns from doi ng so.

Effects of Increases in the Expected Fine and on Margina
Conpl i ance Costs on the Degree of Nonconpliance

The relationship between a firms violation size and the expected fine it
faces can be determined by examining the effect of an increase in the expected
fine on the firms violation size. The effect of such an increase is
illustrated in Exhibit 4-2. As shown, an increase in the expected fine from
e to el lowers the firnms violation size fromv*® to v¥*. Since the
expected fine (pf) is equal to the fine per unit violation (f) tines the
percieved probability of being caught and fined (p), this result inplies that
an increase in either the perceived probability (p) or the fine (f) would
lower the firms violation size (provided the firmrequires financia
incentives to conply with regul ations) because an increase in either variable
woul d raise the expected fine (pf). Thus, enforcement policy can reduce
violation sizes by either increasing penalties or increasing the perceived
probability of detection and penalization, since these together formthe
expected penalty.

If the expected fine is large enough, the firmwll be perfectly conpliant
and set its violation equal to zero. This is also shown in Exhibit 4-2. Wen
the expected fine is set at e?, it does not pay the firmto be nonconpliant,
because, for even the snmallest violation, the savings in terns of |ower
conpl i ance costs are smaller than the costs in ternms of higher expected
penalties. This would also be true for any expected fine higher than e?.
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Exhibit 4-2

Effects of Increases in the Expected Fine on the Firm’s
Violation Size

EF=Expected unit fine
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Again, the expected fine can be raised by increasing either penalties or
firms' perceptions of the probability of detection and penalization, as
di scussed in detail bel ow.

The relationship between a firms narginal costs of conpliance and its
violation size can be determined simlarly by exanmining the effect of an
increase in conpliance costs on the firnm's conpliance rate. Exhibit 4-3
illustrates the effect of an upward shift in the narginal cost of conpliance
(MCC®) curve on the firm s violation size. As the figure shows, an increase
in margi nal conpliance costs fromMCC® to MCC°? raises the firnis
violation size fromv#® to v*?!.

Thus, the two main conclusions of the analysis of the nonconmpliant firm
are:

o The violation size of a nonconpliant firmfalls
when the expected fine it faces goes up; and

. The violation size rises when the firms nmargina
costs of conpliance increase

This section has outlined how the subset of firns that require financia
incentives to conply with regul ations respond to changes in both enforcenent
policy (i.e., changes in penalties and changes in perceived probabilities of
detection and penalization) and to changes in conpliance costs. W now turn
to investigate how the enforcenent authorities should respond to firns'
choices to optimally enforce environnmental regulations given limted
enf orcement resources.

4.2.2 Model of Optimal Enforcement

Determining the optimal |evel of enforcenent requires an evaluation of the
soci al benefits and costs associated with enforcement. The obvious direct
costs of enforcenment are the resources expended on nonitoring firns'

di scharges, gathering evidence on violations, and assessing penalties for
nonconpl i ance. But in addition to these direct costs, there are indirect
costs associated with enforcenent. As discussed above, increased enforcenent
(i.e., a higher expected fine) induces firnms to increase conpliance. This
implies that firms spend nore on pollution control. These increased
conpl i ance costs nust also be considered in a conprehensive benefit-cost

anal ysis of enforcenment even though they are borne by firns that are

nonconpliant. Thus, there are two types of costs associated with
enforcement: the cost of enforcenent (enforcenent costs) and the expenditures
by firms on conpliance due to increased enforcement (conpliance costs). The

total social cost associated with enforcenent is given by the sum of
enforcenent costs and conpliance costs.

The social benefits of enforcement result fromthe increased conpliance of
firms when the |evel of enforcement is increased. I ncreased conpliance
inplies |ower damages in terms of human health and environnmental quality due
to pollution. The central problem of optimal enforcement is trading off these
social benefits fromincreased enforcement against the attendant costs.
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Exhibit 4-3
Effect of Higher Marginal Compliance Costs on Firm’s
Violation Size

$ per unit EF = expected unit fine
violation " MCC =marginal compliance costs
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It is inmportant to note that in the context of the nodel, the |evel of
enforcenent is directly related to the magnitude of the expected fine: the
greater the resources devoted to enforcenent, the higher the expected fine
and, hence, the greater the incentive for conpliance. Thus, if one exacts
hi gher penalties, the expected fine anticipated by firms increases.
Simlarly, if one devotes a greater anount of enforcement resources to
i ncreasing the perceived probability that firns will be detected and
penalized, this too will raise the expected fine.

Hence, the problem of determning the optimal |evel of enforcenent reduces
to one of determining the optinal value of the expected fine. However, it is
i nportant to renenber that the expected fine involves nuch nore than sinply
setting penalties. Setting the perceived probability that detection and
penalization will occur is no less important in the overall enforcenent
process. Hence, although it is correct to claimthat optinal enforcenent
policy reduces to setting the optimal level of the expected fine, one should
keep in mind that this is a much broader mandate than setting penalties
alone. Indeed, one of the nost difficult aspects of enforcenent policy is
trying to decide exactly how much should be spent, in what areas, and on what
activities to ensure that the perceived probability of detection and
penalization is sufficiently high

Exhibit 4-4 depicts the social costs and benefits associated with
enforcenent. The costs of enforcement itself are given by the curve |abeled
EC. As shown, enforcenent costs rise as the expected fine, e, gets larger
since nore resources nust be devoted to catching and fining violators. The
curve EC is drawn, however, for a fixed relationship between the amunt of
resources spent on enforcement activities and the resulting perceived
probability of detection and penalization. As shown below, if this
rel ati onship were to change over time, or if it differs depending on the
industry investigated, this would inply that the position of the EC curve
changes as well.

The conpliance costs associated with enforcenent are given by the curve
| abeled CC. The curve is upward sloping because as the expected fine
perceived by firns increases, firnms increase their conpliance, which inplies
that they spend nore and nmore on pollution control. The total social costs of
raising the expected fine are given by the sum of enforcenent costs (EC) and
conpliance costs (CC). These are represented in Exhibit 4-4 by the curve
| abel ed EC+CC, which is sinply the sum of the enforcenent cost and conpliance
cost curves.

The total social benefits of raising the expected fine, on the other hand,
are represented in Exhibit 4-4 by the curve labeled DA. As noted above, the
benefits of enforcenent are the damages to human health and environnent that
are avoided. The benefit curve is upward sl oping because damages avoi ded rise
as the expected fine goes up and firms increase their conpliance.
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Exhibit 4-4
Cost and Benefits of Enforcement

DA = damages avoided
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The Opti mal Expected Fi ne

The socially optinmal expected fine is the value of the expected fine at
whi ch net social benefits, the difference between total social benefits and
total social costs, are maxinized. This corresponds to the value of the
expected fine at which the marginal benefits of increasing the expected fine
equal the marginal costs of doing so. Exhibit 4-5 presents the nargina
benefit and marginal cost curves corresponding to the "total curves" in
Exhibit 4-4.

The marginal benefits are sinply the margi nal danages avoi ded, given by
the curve labeled MDA. The marginal costs consist of two conponents: nargina
enforcenent costs (MEC) and narginal conpliance costs (MCC); the sum of these
two is given by the curve | abel ed MEC+MCC. The optinal value of the expected
fine, e*, is given by the intersection of MDA and MEX+MCC, which is the point
at which marginal benefits equal marginal costs. As can be seen in Exhibit
4-5, if either the marginal conpliance costs or the marginal enforcenment costs
are (incorrectly) ignored when choosing the optimal expected fine, it will be
set too high and there will be too nuch enforcement. For exanple, if it is
incorrectly assuned that the optinmal |evel of the expected fine is given by
the intersection of MDA and MEC, the expected fine will be set too high (el
is larger than e*). Intuitively speaking, setting the expected fine such that
the margi nal danmages avoi ded are equal to the enforcement costs only ignores
the fact that real social resources nust be devoted to conpliance costs.

I goring these additional costs incorrectly assumes that conpliance is free
from a social perspective. Sinilarly, if enforcement costs are ignored and
the expected fine is set equal to.the value at which MDA and MCC intersect
(e2), this would incorrectly assume that enforcenment itself is costless from
a social perspective, which is nanifestly untrue.

The marginal conpliance cost and margi nal danages avoi ded curves in
Exhibit 4-5 are unusual in that they are functions of the expected fine rather
than of violation sizes or pollutant levels, as is typically the case in
standard anal yses of the benefits and costs of pollution control. Thus, these
curves represent the changes in conpliance costs and damages avoi ded resulting
from an increase in the expected fine, unlike the nore typical curves in
Exhibit 4-1, which represent the changes in conpliance costs and damages
avoided due to a larger violation.

Moreover, a conparison of the marginal conpliance cost curves in Exhibits
4-1(b) and 4-5 reveals that in one case (Exhibit 4-1(b)) the curve is downward
sloping, while in the other case (Exhibit 4-5) it is upward sloping. These
curves are actually consistent because two different marginal conpliance cost
curves are involved. The curve |abeled MCC® in Exhibit 4-1(b) gives the
mar gi nal costs of conpliance as a function of the firms violation size,
whereas the curve |abeled MCC in Exhibit 4-5 gives the nmarginal costs of
conpliance as a function of the expected fine (conpare the horizontal axes on
the two figures). The MCC curve in Exhibit 4-5 is based on the MCG® curve
in Exhibit 4-1(b). However it takes into account the endogenous relationship
between the firm s degree of conpliance and the expected fine the firm
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Exhibit 4-5
The Optimal Expected Fine

MEC= marginal enforcement costs
MCC = marginal compliance costs
MDA = marginal damages avoided

MEC+ MCC

MCC

/MEC
i MDA

e? el expected fine



4-26

faces.*® As explained earlier, higher expected fines induce smaller
violations, which in turn inply higher marginal conpliance costs (see Exhibit
4-1(b)). Marginal conpliance costs therefore increase as the expected fine
gets larger (see Exhibit 4-5):

hi gher expected fine ===> snaller violation ===> higher margina
conpl i ance costs.

The nmarginal damage curves in Exhibits 4-1(b) and 4-5 al so nmust be
interpreted with care. Typically, as in Exhibit 4-1(b), damages avoided are
expressed as a function of violation size (or, equivalently, pollutant
| evel s). However, in Exhibit 4-5, narginal danmages avoided are presented as a
function of the expected fine. The MDA curve in Exhibit 4-5 can be derived
from the MDA® curve in Exhibit 4-1(b) by accounting for the endogenous
relationship between the firms optinal violation size and the expected fine
it faces.!! The MDA curve has the same slope as the MDA® curve only
because the MDA® curve is flat. This inplies that margi nal damages are
i ndependent of violation size and, as a result, the relationship between
opti mal violation size and the expected fine has no influence on the shape of
the MDA curve

One final comment about the narginal enforcenment costs (MEC) curve is
necessary. MEC in Exhibit 4-5 is drawn for a given fixed relationship between
enforcenent activities and the resulting perceived probability of detection
and penalization. If this relationship varied for different industries or
areas of the nation (say a given |evel of perceived probability could be
achieved with fewer expenditures of enforcenent resources in certain
| ocations), then the MEC curve would shift downward, suggesting that the
optimal expected fine would be higher than otherwise. This inplies that in
these circunstances, the same |evel of enforcement activities combined with
the sane penalty structure would result in a larger expected fine and hence, a
hi gher degree of conpliance. Mre will be said bel ow concerning the optinal
conposition of the optinmal expected fine in terms of the size of penalties
versus the size of the perceived probability of detection and penalization.

1% Formally, marginal conpliance costs as a function of the expected
fine (MCC(e)) are obtained by substituting the expression for the firms
optimal violation size as a function of the expected fine it faces (v*(e))
into the expression for marginal conpliance costs as a function of violation
size (MCC°(v)): MCC?(v*(e)) = MCC(e).

1 Formally, marginal damages avoided as a function of the expected fine
(MDA(e)) are obtained by substituting the expression for the firms optinal
violation size as a function of the expected fine (v;';(e)) into the expression
for margi nal danages avoided as a function of violation size (MDA®(v)):

MDA® (v¥(e)) = MDA(e).
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Determ nants of the Optinmal Expected Fine

It is clear fromthe above discussion that the optiml expected fine
depends on four factors:

. mar gi nal damages avoi ded (MDA);

. mar gi nal enforcement costs (MEG ;

. mar gi nal conpliance costs (MCC); and

. the relationship between firns' perceived probability of detection

and penalization and enforcenent activities.

However, the optinal expected fine does not depend on these four factors in
any sinple way. For instance, it is not equal to the sum (MDA + MEC + MCC),
or (MDA - MEC - MCC). More inportantly, the optimal expected fine does not
depend in any sinple way on margi nal danages avoi ded and margi nal conpliance
costs when these are expressed as functions of violation size, which is the
usual way in which these factors are presented. As a result, conputing the
opti mal expected fine is a difficult task that can only be acconplished with
detail ed know edge of the firms conpliance costs, the damages from
nonconpl i ance, the costs of enforcement, and the relationship between the
perceived probability and actual enforcenent activities. Thus, the node
presented does not provide a sinple neans of calculating the optinmal expected
fine.'? However it does provide some general guidelines regarding the broad
characteristics of optinmal enforcenent. These are devel oped bel ow by
examning the relationship between the optimal expected fine and each of the
four factors listed above

Effect of an Increase in Marginal Enforcenment Costs on
the Optinmal Expected Fine

The relationship between the opti mal expected fine and the magnitude of
enforcenent costs can be determined by evaluating the effect of an increase in
mar gi nal enforcenent costs on the value of the optimal expected fine. This is
illustrated in Exhibit 4-6. As shown, the upward shift in the margina
enforcenent cost curve, MEC, also shifts up the total narginal cost curve,
MEC+MCC, |owering the optimal value of the expected fine frome*® to e*!.

This result is easily explained: an increase in marginal enforcenent costs,

hol ding everything else constant, inplies higher total marginal costs of
enforcement. Since marginal benefits are unchanged, fewer resources should be
devoted to enforcement. Put simply, if the marginal benefits of enforcenent

are held constant, fewer resources should be devoted to enforcenent the nore
costly it becones.

12 Gven the conplexity of the enforcenent problem no conprehensive
nodel of optinmal enforcement would yield an operational means of cal cul ating
the optimal expected fine.
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Exhibit 4-6
Effect of Higher Marginal Enforcement Costs on the
Optimal Expected Fine

MEC =marginal enforcement costs
MCC =marginal compliance costs
MDA =marginal damages avoided
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Effect of an Increase in the Perceived Probability of Detection
and Penalization on the Optinmal Fine

Modeling the inpact of an increase in the relationship between actua
enforcement activities and firms' perceptions of the probability of detection
and penalization can also be acconplished within this franmework. In Exhibit
4-7, the curve MEC is drawn for a given relationship between perceptions and
reality, so that the optimal expected penalty, given the marginal conpliance
cost and margi nal damages avoi ded schedules, is e*® (where MEC + MCC cross
MDA).  However, suppose that another set of firns (say, in a different
i ndustry) believe that the probability of detection and penalization given the
sane |levels of enforcenent activities is higher. In this event, the MEC curve
relevant for these firns becomes MEC', which lies below MEC since it takes
| ess actual enforcenment resources than before to achieve a given level of the
expected penalty. This inplies that the optimal expected penalty is higher
for this second set of firnms, or e** (the intersection of MECt + MCC with
MDA) .

This result accords with intuition since, at |east analytically, enhanced
perceived probability has nuch the sanme inpact as cheaper enforcenent costs.
In a very real sense, this enhanced perception of apprehension and
penal i zation neans that it is cheaper to achieve a given |evel of expected
penalty. Furthermore, at least in the context of a constant |evel of margina
damages avoided, it is also apparent that the amount of enforcement resources
actually devoted to enforcement falls as the relationship between perceptions
and actuality is further exagerated. That is, for otherw se identica
situations or firms, if one has a far greater perception that detection and
penalization will follow violations, then |ess enforcenent resources are
necessary to achieve an even higher |evel of the expected fine (and hence,
conpliance). This, of course, is consistent with a policy that sometines uses
"hit and run" enforcement tactics in certain geographical areas or for certain
types of firms. In these cases, a relatively small expenditure can yield
large results in terns of conpliance, which nmakes this relationship of
fundanmental inportance to deciding how best to target scarce enforcenent
resources. This nay also provide a rationale for occasional enforcenent
actions in areas where typically no actions are taken

Effect of an Increase in Marginal Damages Avoided
on the Optinmal Expected Fine

In studying the relationship between margi nal danages avoi ded and the
optimal expected fine, one has a choice of examining the effect of an increase
in marginal danages avoi ded expressed as a function of either violation size
(MDA") or expected fine (MDA). However, as argued earlier, shifts in the
MDA® curve are nmirrored by the MDA curve; therefore it does not matter which
curve we shift. This is illustrated in Exhibit 4-8. As shown, an upward
shift of the MDA® curve results in an upward shift of the MDA curve. The
effect of this shift is to increase the optinal expected fine frome*® to
et Once again, the rationale underlying this result is intuitive: the
upward shift in margi nal damages avoi ded, hol ding everything else constant,
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Exhibit 4-7
Effect of Increased. Perceived Probability of Detection and
Penalization on the Optimal Expected Fine
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Exhibit 4-8

Effect of Higher Marginal Damages Avoided on the
Optimal Expected Fine

$ it $ per unit MEC =marginal enforcement ¢
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MDA = gnva;igdi::l damages MEC + MCC
- —————— - MDAO1
! > b ML
MDA? 1
ML

violation size e*0 e*1 expected fi



4-32

rai ses the marginal benefits of enforcement without changing the margina
costs. As a result, nore resources should be devoted to enforcenent in this
area relative to other situations.

Effects of an Increase in Margi nal Conpliance Costs
on the Optimal Expected Fine

The rel ationship between the | evel of conpliance costs and the opti nal
settings of the fine and of enforcement efforts is both conplex and .
anbi guous.  That is, higher marginal conpliance costs could either raise or
lower the level of the expected fine depending on the settings of other
aspoects of the optimzation framework. Hence, this analysis is presented in
an appendix to this chapter.

The concl usions we can draw from the foregoing analysis of the
rel ationship between the optinmal expected fine and the various determ nants of
its level are interesting and, for the nost part, fairly intuitive. There are
several contexts in which these conclusions can be understood. One, of
course, is that these theoretical conclusions give policy makers an indication
of what matters in enforcenent policy. That is, the theoretical nodel and the
concl usions one can draw indicate which elements are inportant to understand
and, to the extent feasibile, measure when devel oping both penalty policy and
enforcement strategy. The other sense in which these conclusions can be of
significant service is in helping to develop overall enforcenment policies for
different types of firms, sectors of the nation, and types of pollutants.
Thus, the conparative statics of the nodel indicate how firms or situations
that are manifestly different, in terms of the characteristics that affect the
settings of the penalties and probabilities of detection and penalization,
shoul d indeed be treated differently in an optinized enforcenent policy.

To review, the significant conclusions fromthe nodel of optinal
enforcement are the follow ng:

. The optinmal expected fine depends, in a fairly
conplicated way on four factors: (1) narginal conpliance
costs, (2) marginal enforcenent costs, (3) marginal danages
avoi ded, and (4) the relationship between actua
enforcenent activities and firms' perceptions of the
probability of detection and penalization, regardless of
whet her these are expressed as functions of violation sizes
or expected fines. In particular, the optinmal expected
fine is not equal to the sumof these four factors.

. The optimal expected fine rises when narginal damages
avoi ded increase (where marginal damages are expressed as a
function of violation size or pollutant |evels).

. The optimal expected fine falls when narginal enforcenent
costs rise
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. The optinal expected fine rises when perceptions of the
probability of detection and penalization rise.

. The optinmal expected fine may rise or fall when margina
conpl i ance costs increase (where marginal costs are
expressed as a function of violation size or pollutant
| evel s).

The study devel ops the inplications of these results for the design of
enforcement policy further below. First, however, the conposition of the
opti mum expected fine in terms of its two conponents -- the fine itself and
its perceived probability -- is examned nore closely.

The Optinal Values of the Fine and its Probability

The analysis presented so far has been couched entirely in terms of the
expected fine. In this section we exanm ne the relationship between the
optimal expected fine and the optimal fine since much of the current debate on
enforcenent has focused on the optinal fine (penalty).

As made explicit earlier, the nodel of enforcenment is based on the
sinmplifying assunption that the margi nal expected penalty or fine is
constant. This inplies that the expected fine per unit violation is
constant. For exanple, the expected fine for exceeding a daily BOD limt is
$50/ pound regardl ess of whether the violation is 10 pounds in excess of the
allowed daily level or 100 pounds in excess. The expected fine per unit
violation (e) is therefore sinmply equal to the perceived probability of
catching and fining violators (p) tines the fine itself (f): e = pf, The
total expected fine is equal to the expected fine per unit violation tinmes the
violation: pfv. The total fine is sinply the fine times the violation size
fv.

Qur nodel of optiml enforcenent provides, at least in principle, the
optimal value of the expected fine (e*), but it does not give the optinal
values of the fine and its probability (as perceived fromthe perspectives of
the firms in the regulated community); it only requires that the product of
these two variables equal a specified value. For instance, it does not tel
us whether a small fine should be applied with a high perceived probability,
or alarge fine with a small perceived probability.

To deternmine the optinal values of the the fine and its perceived
probability, one nust consider the relative costs of (increasing) the fine and
the perceived probability. More specifically, one must deternine the |east
cost conbination of the fine and its perceived probability that gives an
expected fine of e*. Earlier, the review of the literature discussed Becker's
argunent that raising fines is socially costless, whereas raising the
probability of catching and fining offenders is costly since it entails
devoting nore resources to nonitoring firms and gathering evidence on
violations. This argunent |ed Becker to conclude that the |east cost means of
achi eving any desired expected fine is to set the fine as high as possible
(equal to the offender's wealth), and then adjust the probability until the
desired expected fine is obtained.
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However, as pointed out before, Becker's argument is erroneous. Higher
fines induce offenders to devote nore resources to avoiding being caught. In
addition, higher fines inply stricter standards of evidence, thereby requiring
nore resources to be devoted to collecting evidence and devel oping a
sufficiently strong case. Consequently, raising fines for violations is not
socially costless.

G ven that both higher perceived probabilities of catching and fining
violators and higher fines are nore costly to achieve, determning the optinma
values of the fine and its probability requires detailed information on the
relative costs of each. Exhibit 4-9 shows the relationship between relative
costs and the optimal values of the fine (f) and its perceived probability (p)
for a given value of the expected fine (e*). The curve |abeled EF gives the
conbi nation of values of p and f that yield an expected fine of e*. At any
point along this curve, the product of the corresponding values of p and f is
equal to e* (pf = e*). The curve slopes downward because a smaller value of,
say, p nust be conpensated for by a higher value of f if the expected fine is
to remain at its initial value

The family of curves labeled EC indicate the costs of setting the fine and
its perceived probability at various |levels, given a constant relationship
between the perceived probability and the underlying actual enforcenent
expenditures. Thus, these curves represent the costs of enforcement. Along
any given curve, such as E!Ct, enforcement costs are constant.!® This
expl ai ns the downward slope of the curves: if enforcenent costs are to remain
constant, p nust fall when f gets higher (or vice versa). As one noves to
curves farther from the origin, enforcement costs increase because both the
fine and its perceived probability increase. For instance, enforcenment costs
are higher along the curve labeled E2C than along EIC

The | east-cost conbination of values of the fine and its perceived
probability that yield an expected fine of e* is determined by identifying the
poi nt at which the enforcenent cost curve closest to the origin touches the
expected fine curve EF. In Exhibit 4-9 this point is labeled Z and the
optimal (i.e., cost-mnimzing) values of the fine and its perceived
probability are f* and p*, respectively. The enforcenment cost curve nust
touch the expected fine curve, otherw se no conbination of values of p and f
along the cost curve will yield an expected fine of e*. Furthernore, we are
interested in the |east-cost neans of achieving the expected fine, therefore,
the cost curve closest to the origin is the relevant one.

The relative costs of raising the fine and raising the perceived
probability determine the slope of the enforcement cost curves. The higher
the cost of raising the fine relative to the cost of raising the perceived
probability, the less steeply sloped the enforcement cost curve. The reason
underlying this is illustrated in Exhibit 4-10 by the curves | abeled ELC

13 The EC curves are therefore "iso-enforcement cost" curves.
Simlarly, the curve labeled EF is an "iso-expected fine" curve
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Optimal Values of the Fine and Its Perceived Probability
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Exhibit 4-10

Relative Costs and the Optimal Fine and Its Probability
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and E2C%2. The latter curve reflects higher relative costs of increasing
the fine, and it is |ess steeply sloped than E}C*. The flatter slope
inplies that for a given increase in the fine, a greater reduction in the
perceived probability is required if costs are to remain constant.

As shown in Exhibit 4-10, the effect of increasing the relative cost of
the fine is to lower the value of the optimal fine fromf* to £%! and raise
the value of the optinal perceived probability fromp* to p*t. This result
is consistent with intuition. For exanple, if the lower relative cost of
i ncreasing the perceived probability is due to the fact that the set of firns
under consideration believe that nmarginal enforcement activities vastly
increase the probability of detection and penalization, then it is socially
cheaper to establish a given level of the expect fine by leaning nore heavily
on raising the perceived probability, rather than by trying to raise the fines
t hensel ves

The above anal ysis establishes that, for a given expected fine, the
preci se value of the optimal fine depends on the relative costs of raising the
fine and raising the perceived probability. However, the value of the optina
fine al so depends on the value of the optimal expected fine. In general, we
can expect the value of the optimal fine to increase as the optiml expected
fine increases.** This is shown in Exhibit 4-11. The expected fine
corresponding to the curve |abeled E'F! is e*l, which is higher than e*,
the expected fine corresponding to the curve |abeled EF. As shown, the
optimal fine given an expected fine of e*!l is higher than the optimal fine
gi ven an expected fine of e* (f*! is greater than f*).

Because the optimal fine is one component of the optinmal expected fine,
the optimal fine indirectly depends on the same factors as the optina
expected fine, namely: marginal enforcement costs, marginal conpliance costs,
the rel ationship between underlying enforcement activities and firns'
perceptions of the probability of detection and penalization, and nargina
damages avoided. As is true for the optimal expected fine, the optimal fine
is a conplicated function of these factors. In addition, the direction of the
rel ationship between the optimal fine and each of the three factors is the
same as that for the optiml expected fine. For exanple, higher margina
enforcenent costs inply both a | ower optinal expected fine and a | ower optim
fine.

Thus, the main results of the analysis of the relationship the optinum

expected fine and its conponents -- the optimumfine and its perceived
probability -- are that:
%1t is conceivable in theory for the optimal fine to fall as the

optinmal expected fine increases, however it is unlikely for this to hold true
in reality.
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Exhibit 4-11

Relationship Between the Optimal Fine and the Optimal
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. The conclusions regarding the relationship between the
opti mum expected fine and margi nal enforcement costs,
mar gi nal conpliance costs, the perceptions associated wth
the probability of detection and penalization, and margina
damages avoided, also hold for the optimumfine; and

. The optimal values of the fine and its probability for a
fixed expected fine depend on the relative costs of raising
the fine and raising the perceived probability. In
particular, the higher the cost of raising the fine
relative to the cost of increasing the perceived
probability, the lower the value of the optimal fine and
the greater the perceived probability of being caught.

4.3 INCORPORATING SELF-MONITORING/REPORTING REQUIREMENTS

The nodel of optimal enforcenent presented in the previous section
inplicitly assumes that violations are detected by randomon-site
i nspections. The nmpbdel does not incorporate self-nonitoring/reporting
requirenents and the possibility that firms may choose not to report
viol ations. I ncorporating these requirenents woul d have conplicated the nodel
consi derably without materially affecting any of the results. However, it is
i nportant to exami ne the problem of nonconpliance with reporting requirenents
and this is done here by extending the nobdel of the nonconpliant firm The
anal ysis reveals the inmportance of properly structuring the penalties for
violating an effluent linmt and for failing to report an effluent limt
vi ol ation. In particular, it shows how setting the penalties for the two
types of penalties independently may present the firmwith an incentive to
conceal violations.

As noted in Section 2.2.1, existing CWA regul ations require that firns
nmonitor their discharges and report any significant violations to the rel evant
state or federal agency.'® Mreover, discharge data nust be periodically
submitted to the Agency even when the firmis in conpliance. The intent of
these regulations is to reduce the burden on state and federal agencies for
monitoring discharges. |Indeed, if firns conplied fully with
self-monitoring/reporting requirenents, and correctly notified the appropriate
agency of any and all violations, there would be no need for EPA or state
agencies to conduct on-site inspections. However, in practice, firns may
choose to conceal violations either by falsifying their reports or by sinmply
ignoring reporting requirments. As a result, on-site inspections are
necessary to provide firms with an incentive to correctly report violations.

5 W shall exanine the relationship between the firms reporting
decision and its decision to exceed the effluent limt further bel ow.
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4.3.1 The Firm’s Reporting Decision

Exhi bit 4-12 presents the "decision tree" of a firmthat has chosen to
exceed an effluent limt by an ambunt v (the violation size) and nust now
deci de whether or not to report the violation.!® By this we mean that the
firm decides whether to file its report with infornation indicating the
violation or decides instead not to file the required reports or reports
incorrect information. In what follows, "not reporting"” nmeans failing to
report as required.!’

As shown in Exhibit 4-12, the firmhas two options: the first is to report

the effluent linmt violation and the second is not to report it. If the firm
adopts the first option, it is autonatically assessed a fine of f per unit
violation, and pays a total fine of fv (f tines v). If the firm adopts the

second option and decides not to report the effluent limt violation, one of
two events may occur. The firmcould be caught and assessed a fine for
failing to report the violation, in addition to paying the fine for the
effluent limt violation itself (fv). The fine for failing to report the
violation could be either a fixed anmount, independent of the nagnitude of the
violation, or it could be a variable anmbunt that increases with the nagnitude
of the violation. The latter possibility seenms nore plausible and we assune
that the fine for not reporting a violation is an ambunt g per unit

violation. Therefore, if the firmis caught not reporting a violation, it is
assessed a total fine of f+g per unit violation. The expected fine per unit
violation is p(f+g), where p denotes the perceived probability that the firm
is caught; the total expected fine is equal to the expected fine per unit
violation tines the violation size: p(f+g)v.

The second possible event, which has a perceived probability of (1-p) of
occurring, is that the firm escapes detection and is not caught and fined.
For this event, the expected fine is zero since no fine is assessed

Since we assunme the firm's objective is to mnimze the total expected
costs it incurs, the firmwll adopt the reporting option with the |ower
expected penalty. As shown in Exhibit 4-12, the expected penalty associ ated

6 |t is assumed that the violation is a significant one and nust
therefore be reported. The precise definition of "significant" varies from
pollutant to pollutant, see Section 2.2.1

17 W assume that firms honestly report their violations. W could
extend the decision tree and incorporate the possibility that firns understate
their violations and are penalized for doing so. However, this would
conplicate the analysis considerably without providing much in the way of
additional insight. Also, existing data suggests that false reporting is not
a major problemgiven the severity of the penalties for doing so. Falsifying
reports is likely to be viewed as a crinminal offense punishable by fines and
i mprisonnent, whereas failure to report a violation is likely to be treated as
acivil offense with | ower attendant penalties.



Exhibit 4-12
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with the first option (reporting the violation) is sinply fv, whereas the
expected penalty associated with the second option (not reporting the
violation) is p(f+g)v. Therefore, the firmwll report the violation if the
total expected fine associated with reporting the violation is |ower than the
total expected fine associated with not reporting the violation:

fv € p(f+g)v, (report violation) (1)
and it will conceal the violation if the opposite is true
fv 2 p(f+g)v (conceal violation) (2)

If it so happens that the expected penalties associated with the two options
are identical (i.e., fv = p(f+g)v) then the firmwll be indifferent between
reporting the violation and not reporting it. Examning the above
inequalities it is clear the relative nagnitude of the expected penalties for
the two options depends on the probability that the firmis caught and fined
(p), the fine for exceeding the effluent limt (f), and the fine for failing
to report a violation (g).

The inequality in equation (1) can be sinplified by dividing both sides of
the inequality by v, this gives

f < p(f+g) (report violation) (3)

Miul tiplying out the right-hand side of this inequality, and subtracting the
term pf from both sides, the inequality can be witten as

(1-p)f = pg (report violation)
This expression can be rearranged to give
g/f 2 (1-p)/p (report violation) (4)

Thus, the firmw |l choose to report the violation if the ratio of the
fine for failing to report the violation to the fine for the violation itself
(g/f) is greater than the ratio of the perceived probability of not being
caught to the perceived probability of being caught ((1-p)/p). This inplies
that the fine for not reporting a violation nust be relatively large for the
firmto report a violation because the probability of being caught is likely
to be very small. This is denonstrated in the table bel ow where the val ue of
(1-p)/p is calculated for various values of p:

p (1-p)/p
0. 001 999
0.01 99
0.1 9
1.0 0
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A plausible value for pis 0.01: in the case of an effluent limt that
restricts daily discharges, it inplies that the firm anticipates inspection
three to four times a year (0.01 x 365 days/year = 3.65 days/year), which is a
common inspection frequency. For a value of p = 0.01, the above table
indicates that the unit fine for failing to report an effluent linit violation
must be 99 times higher than the unit fine for the effluent limt violation
itself if firnms are to choose the reporting option. Al though we do not have
data on penalties for failing to report a violation, it appears unlikely that
exi sting penalties are structured such that it is in the firms best interest
to report violations, especially given the frequency with which firnms fail to
report violations (see Chapter 1). Note, however, that this analysis concerns
a failure to report, rather than reporting false information, the latter of
whi ch actions could result in crinmnal penalties and appears to be |ess
preval ent.

Exam ning equation (3), it can be verified that raising the perceived
probability of catching and fining violators (p) or raising the fine for
failing to report violations (g) will increase a firms incentive to report
violations. Both these increases raise the expected unit fine associated with

failing to report a violation (p(f+g)), w thout changing the expected unit
fine associated with reporting a violation (f).

On the other hand, raising the fine for exceeding an effluent Iimt (f),
whi | e hol ding everything el se constant, reduces the incentive for firms to
report violations. This can be seen npst easily with the aid of equation

4). Increasing the value of f makes the left-hand side of the inequality
(g/f) snmaller, making it less likely for the inequality to be satisfied. For
exanpl e, suppose g = $1000, p = 0.1, and, initially, f = $50, since

g/f = $1000/$50 = 20 <9 = (1-0.1)/0.1 = (1-p)/p

the firmwll report violations. Now suppose that the fine for exceeding the
effluent limt is raised from $50 to $100. The ratio g/f falls from20 to 10
but it is still larger than nine, the ratio of (1-p) to p, therefore it is
still in the firms interest to report violations. Now consider a further
increase in the fine for exceeding the effluent linmit from$100 to $150. The
ratio g/f falls to 6.67, which is smaller than nine, the ratio of (1-p) to p
therefore, the firmwill now choose not to report violations. This result,
though surprising, is easily explained: the higher fine for exceeding an
effluent limt inplies that firms have nore to lose if they report their
violations, therefore, if the probability of being caught and the fine for not
reporting remain the same, the firmhas a greater incentive to concea

vi ol ations.

This result inplies that raising the fine for violations, without
simul taneously adjusting the fine for not reporting and/or the perceived
probability that firnms are caught and fined, could have the undesirable effect
of inducing firms that previously reported violations to cease doing so.
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4.3.2 Relationship between the Firm’s Reporting Decision
and its Violation Size

Thus far, the nodel has sinply taken the firms violation size as given
and exanmined the firms behavior assuming that it is nonconpliant. To
conplete our analysis, we need to relate the firms reporting decision to its
decision on the extent of nonconpliance. Exhibit 4-13(a) presents the firms
mar gi nal conpliance costs and the expected unit fine it faces when it reports
violations (EFR = f) and when it does not report violations (EFNR = p(f+g)).
Since the expected fine associated with reporting violations is the | ower of
the two expected fines, the firmwll choose to report violations. The
rel evant expected fine schedule, therefore, is EFR, and the firms violation
size is given by the intersection of EFR and MCC®.

If, instead, the figure was drawn the figure such that the expected fine
associated with not reporting violations (EFNR) were |ower than the expected
fine associated with reporting violations (EFR), the firmwould choose not to
report violations, and the relevant expected fine schedule would be EFNR
This case is illustrated in Exhibit 4-13(b). The firms violation size in
this case is given by the intersection of EFNR and MCC®.

Let us now exanmine the effect on the firms violation size of raising the
expected fine associated with reporting violations (EFR). Since EFR = f, this
amounts to increasing the value of the fine for exceeding the effluent limt,
shifting the expected fine curve up from EFR to EFR! in Exhibit 4-14. The
increase in f also shifts up the expected fine associated with not reporting
viol ations since EFNR = p(f*+g). |If the increase in f is relatively small,
the expected fine associated with reporting violations will still be |ower
than the expected fine associated with not reporting violations. As a result,
the firmwll continue to report violations. This case is shown in Exhibit
4-14(a). Note that the increase in the fine for exceeding the effluent limt
(f) lowers the firm's optimal violation size fromv*® to v*?.

In contrast, if the increase in f is relatively large, the expected fine
associated with reporting violations will exceed the expected fine associated
with not reporting violations (recall the numerical exanple provided
earlier). As a result, the firmwll switch to not reporting violations.
This case is shown in Exhibit 4-14(b). The firms initial violation is given
by the intersection of EFR and MCC®. |Its violation size after f is raised
is given by the intersection of EFNR and MCC°. Thus, the increase in the
fine for exceeding the effluent limt induces the firmto switch from
reporting its violations to concealing its violations, however, it reduces the
firms violation size fromv*® to v¥*. This result holds true in
general: an increase in the fine for exceeding an effluent limt my induce
firms to stop reporting their violations, but it will always reduce the
violation size chosen by the firm This is true because increasing the fine
for exceeding the effluent limt unanbiguously raises both the expected fine
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Exhibit 4-14
Effects of an Increase in the Fine for Exceeding an
Effluent Limit
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associated with reporting a violation and the expected fine associated with
not reporting a violation (EFR and EFNR) even though it nay change their
rel ative magnitudes.?

We can summarize the results of the analysis of self-nonitoring/reporting
requirenents as foll ows.

. If the perceived probability that violations are caught
and fined is low, the fine for failing to report an
effluent limt violation nust be substantially larger than
the fine for the effluent limt violation itself if firms
are to report violations.

. Firnms' incentive to report effluent linmt violations
increases if the perceived probability of catching and
fining violations is raised and/or the fine for not
reporting violations is raised.

. Rai sing the fine for effluent limt violations may induce
firms to stop reporting violations. However, raising the
fine will always reduce the nmagnitude of firms' violations.

4.4 IMPLICATIONS OF THE MODEL

As noted earlier, the nmodel of enforcement developed in this chapter is
really only relevant to the subset of firms that will not conply with
envi ronnental regul ations unless presented with financial incentives to do
so. Thus, all of our conclusions based on the nodel are linmted to this
subset of firms. Furthernore, our nodel of enforcement, as devel oped in
Section 4.2, does not provide a sinple method for calculating the optinal
expected fine or the optimal fine. Indeed, it is unlikely that any
conceptual Iy sound nodel of enforcement would yield a sinple penalty fornula.
However, the nodel presented does offer several insights into the

characteristics of optimal enforcement. These are presented and discussed
bel ow.

4.4.1 Setting Penalties Equal to the Benefits of
Noncompliance

As discussed in Chapter 2, EPA penalty policy has enphasized penalties to
recoup the benefits to the firmfromnonconpliance. The alleged rationale for
this policy is that it renoves the benefits of nonconpliance. However, it can

% |t is assuned above that the firms violation is a significant one
and nust therefore be reported. The analysis could easily be nodified to take
into account the possibility that the firmis violation is snall enough so as
not to be considered significant. This modification would not affect the
results derived.
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be shown using the nodel of the nonconpliant firm devel oped in Section 4.2.1,
that this penalty policy deters nonconpliance only if the firnms in question
believe that the probability of catching and fining violators is equal to one,
that is, only if firnms believe that violations are always detected and
penal i zed

In the context of our nmpbdel of the nonconpliant firm the benefits of
nonconpl i ance are sinply the conpliance costs avoided. Therefore, the tota
penalty is sinply equal to the conpliance costs avoi ded, and the margina
penalty is equal to the marginal conpliance cost (MP = MCC®).'® Since the
latter dimnishes as the violation gets larger because initial units of
conpliance activities are cheaper than those on the margin (see Exhibit 4-1),
so does the marginal penalty -- because the marginal penalty is sinply the
anount by which the penalty changes as conpliance changes if the penalty is
simply equal to to benefits of nonconpliance. (This inplies that the fine per
unit violation is not constant, contrary to what was assumed in devel oping the
nodel .) If the perceived probability (p) of catching and fining violators is
equal to one, the marginal expected penalty (MEP) is equal to the margina
penalty (MP) since MEP = p x MP. In this case the marginal expected penalty
curve and the marginal conpliance cost curve are identical. As a result, the
firmis indifferent between being in conpliance and not being in conpliance.
Sinply stated, if a firmbelieves that penalties consistently recoup the
benefits of nonconpliance, the firmwll not care whether it is in
conpliance. However, if the penalty exceeds the benefits of nonconpliance by
even a small amount, the firmwll choose to be perfectly conpliant. This may
be why the penalty levied is usually augmented by the damages due to
nonconpl i ance and/or extraordi nary enforcement costs.

In reality, both the objective and the perceived probabilities of catching
and fining violations are less than one, that is, sone violations go
undet ected or unpunished and firns know this, although their expectations do
not necessarily have to be identical with reality. |In this case, the marginal
expected penalty lies below the narginal conpliance cost curve since MEP = p X
MP = p x MCGC®. This is illustrated in Exhibit 4-15. Since margina
conpl i ance costs now exceed the narginal expected penalty for all violation
sizes, the firns sets its violation equal to v*, the violation |level at which
it incurs no costs on conpliance. Thus, setting the penalty equal to the
benefits from nonconpliance does not pronote conpliance if firns believe that
the probability of catching and fining violators is less than one. O course,
if the penalty is augnented by other factors, such as the damages from
nonconpliance, the firm may choose to be conpliant, but this will depend on
the precise anpbunt by which the penalty is augnented.

1% More precisely, the marginal penalty is equal to the negative of the
mar gi nal conpliance cost, however, this does not affect our exposition our
concl usi ons.



Exhibit 4-15
Violation Size When Penalties Are Equal to the Benefits of
Noncompliance

$ per unit MEP = marginal expected pénalty
violation MCC = marginal compliance penalty
MP:=marginal penalty

MEP MCC® =MP

* . . .
A violation size
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Cearly, the perceived probability of catching and fining violators is
critical to the success of a penalty policy based on the benefits from
nonconpl i ance. In practice, the magnitude of the perceived probability will
depend on the type of violation being considered, Agency enforcenent
activities, and subjective factors, such as publicity. For day-to-day
violations of effluent limts, it is highly unlikely that firms believe that
each and every violation will be detected and punished. For such violations
the relevant perceived probability is likely to be very small unless the
violation has an acute and easily observed effect on environmental quality.
For other violations, such as failure to install equipment, the perceived
probability of being caught and fined may well equal one because if the firm
is inspected at all, it is relatively easy to determ ne whether or not the
firmis in conmpliance and how long it has not been in conpliance (i.e., the
period over which the firmfailed to install the necessary equipnent). Thus,
a benefits-based enforcement policy (i.e., one that targets resources and
l evies penalties based on damages) may be effective in deterring certain types
of violations but not others.

4.4.2 The Optimum Penalty for Effluent Limit Violations

As discussed above, the nodel of the nonconpliant firm reveals that
setting penalties equal to the benefits of nonconpliance may not deter
nonconpl i ance.  The nodel of optinal enforcement further inplies that such a
penalty, or even a penalty set equal to the sum of the benefits from
nonconpl i ance, the danmages from nonconpliance, and the costs of enforcement,
is unlikely to be the optimal penalty. Although the mobdel indicates that the
optimal penalty is a function of the four factors listed, it depends on them
in a fairly conplicated way. Furthernore, the optimal penalty is only one of
the two key components of an optimal expected penalty, the other being
enforcement strategy (i.e., setting the perceived probability).

Unfortunately, any general conclusions regarding a formula for the optim
penalty and the optinmal expected penalty cannot be provided since it depends
on the precise chacacteristics of the conpliance and enforcenent costs as well
as dammges.

4.4.3 Penalties for Failing to Report Violations

Qur analysis of self-nonitoring/reporting requirements shows that the
penalty for failing to report an effluent [imt violation nust be considerably
hi gher than the penalty for the effluent limt violations itself if firms are
to have an econonic incentive to report violations. The precise anount by
whi ch the reporting penalty nust exceed the effluent violation penalty depends
on the perceptions of firns regarding the probability that they will be caught
and penalized for violations. The smaller this perceived probability, the
| arger the ampunt by which the reporting penalty must exceed the effluent
violation penalty.

The analysis also shows that, if incentives to report violations are to be
preserved, any increases in the penalty for effluent violations should be
reflected in the penalty for failing to report violations. Qherwise, it is
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possible that increases in the penalty for effluent violations., without
conpensating increases in the penalty for failure to report violations, could
induce firms to stop reporting violations.

4.4.4 Targetting Enforcement Resources at High Damage Violators

Among the conclusions drawn in Section 4.2.2 is that the optiml expected
fine (and the optimal fine) rises when margi nal damages avoi ded increase, but
mar gi nal enforcenent and conpliance costs remain the sane. This result has
i nportant inplications regarding the targetting of enforcenent resources.

As discussed in the introduction to Section 4.2.2, in the context of the
nmodel, a higher expected fine is equivalent to a higher |evel of enforcenent,
ei ther through higher penalties thenselves or increased enforcenent
activities. The result cited above therefore inplies that if the costs of
bringi ng enforcenment action against each of two (or nore) firms is roughly
simlar, and the firns have similar conpliance costs, then priority should be
given to the firm (or firms) that inpose higher damages as a result of their
nonconpliance.  Thus, these firnms should be subject to both nore frequent
nonitoring, which raises their objective and, presumably, their perceived
probability of being caught, and to larger fines when caught (unless there are
overriding deterrence considerations).

4.4.5 Targetting Enforcement Resources at Low Enforcement Cost

Violators

Anot her conclusion drawn in Section 4.2.2 is that the optiml expected
fine (and the optimal fine) falls when marginal enforcenent costs go up, but
mar gi nal conpliance costs and margi nal damages avoi ded remain the same. This
concl usi on has inplications anal agous to those of the previous result
discussed. In particular, it inplies that if two (or nmore) firms have sinmilar
conpl i ance costs and inpose simlar damages (in nmonetary terms) as a result of
their nonconpliance, then priority should be given to taking enforcenent
action against violators for which enforcement is less costly, unless there
are overriding deterrence considerations.

Simlarly, the analysis in Section 4.2.2 also suggests that the opti nal
expected fine should be higher for firns or activities in which the
rel ationship between the perceived probability of being caught and penalized
and the underlying objective enforcenent activities is higher. However, in
general, the level of enforcement resources required to achieve this higher
expected penalty will be less than in other circunstances.

4.5.5 Mix of the Optimal Fine and the Optimal Perceived Probability

Finally, the nodel also suggests that the optimal settings of the two
conponents of the expected fine are predicated on the relative costs of
increasing the expected fine through the two avenues. Thus, to the extent
that raising the expected fine through increases in the perceived probability
is easier and cheaper than trying to collect higher fines fromfirms when they
are caught, this nethod should be used nore extensively.
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APPENDIX A

SAMPLE CALCULATION OF OPTIMAL EXPECTED FINE

Thi s appendi x presents an exanple denonstrating the cal culation of the
optimal expected fine for an effluent limt violation. This exanple makes
nore tangible nmany of the concepts and results discussed in Section 4.2.

As noted in the body of the text, to calculate the optiml expected fine
we need detailed information on the firnms conpliance costs, the damages
associated with violations, and the costs of enforcenent. In the exanple
presented below, this information is assumed by specifying a conpliance cost
function, a damages avoided function, and an enforcenent cost function. These
functions are presented and explained below. No particular significance
shoul d be attached to the functions used in the exanple. They were chosen
primarily because they yielded a sinple formula for the optimal expected fine
and because they were consistent with a priori notions about the
characteristics they should have. For instance, the conpliance cost function
shoul d be such that costs fall as the violation size increases.

Compliance Costs
The conpliance cost function assumed is

CC® = 0.5c(v - v)Z,
m

t he paraneter vmdenotes the maxi mum viol ation size the firm would choose, and

c is an arbitrary conpliance cost paraneter. The higher the value of c, the
hi gher are the costs of conpliance. A graph of the conpliance cost function
woul d 1 ook very much like the curve |abeled CC® in Exhibit 4-1(a). As the
violation size, v, increases, conpliance costs fall, reaching a mni mum of
zero when the firmsets its violation size equal to Vrﬁ The firm would never

set its violation size above vm because this would be costly: the firmwould
have to devote resources just to generating pollution

The nmarginal costs of conpliance (obtained by taking the derivative of the
cost function with respect to the violation size) are given by

MCC® = -c(v - v).
m

Since the violation size chosen by the firmis always smaller than v , and c
m
is assumed to be a positive number, marginal conpliance costs are negative
This just reflects the fact that conpliance costs fall as the violation gets
larger. A graph of the marginal conpliance cost function would resenble the
curve |abeled MCC® in Exhibit 4-1(b), with nmarginal conpliance costs falling
as the violation gets |arger. (Note, as pointed out earlier, that the
negative of marginal conpliance costs are actually plotted in Exhibit 4-1(b).)
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Damages Avoided
The damages avoi ded function used in the exanple is

DA® = d(v - v),
m

where v once again denotes the firms maxi mumviolation size, and d is an
m

arbitrary damages-avoi ded paranmeter. The higher the value of d, the larger
the val ue of the damages that are avoided. A graph of the damages avoi ded
function would be virtually identical to the curve |abeled DA® in Exhibit
4-1(a), with damages avoided falling as the the violation size increases,
reaching a mninum of zero when the firms violation size is at its maximum
val ue.

Mar gi nal damages avoi ded (obtained by taking the derivative the damages
avoi ded function with respect to violation size) are given by

MDA® = -d.

Therefore, they are independent of violation size, as depicted in Exhibit
4-1(b).

(Note that the negative of narginal damages avoided are actually plotted in
the figure.)

Enforcement Costs
The enforcenent cost function assumed in the exanple is
EC = 0.5he?,

where e is the expected fine, and h is an arbitrary enforcenent cost

paraneter. The higher the value of h, the nore expensive it is to raise the
expected fine. Enforcenent costs are assuned to increase exponentially with
the expected fine, as depicted by the curve |abeled EC in Exhibit 4-4.
Furthernore, this particular function assumes a given relationship between

obj ective enforcenment activities and firns' perceived probability of detection
and penalization

Mar gi nal enforcement costs (obtained by taking the derivative of the
enforcenent cost function with respect to the expected fine) are given by

MEC = he

Mar gi nal enforcement costs therefore rise linearly as the expected fine goes
up, as depicted by the curve labeled MEC in Exhibit 4-5.

The information presented above allows us to calculate the optinma
expected fine as a function of the paraneters ¢, d, and h. Gven estinates of
these three parameters, we could conpute the nunerical value of the optim
expected fine.
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The Firm's Violation Size

Fol l owing the procedure outlined in Section 4.2, the first step in
calculating the optinmal expected fine is determining the relationship between
the expected fine and the firms violation size. As explained in Section
4.2.1, the firms violation size is the violation size at which the (negative)
mar gi nal costs of conpliance equal the expected fine per unit violation (e).
In terms of the marginal conpliance cost function presented above, it is the
violation size at which:

-MCC® = ¢(v - v) = e = EF
m

By solving this equation for v, the violation size, v*, is obtained:
Ve =v - e/c.
m

Thus, the violation size is equal to the maxi num violation size the firm would
choose minus the expected fine divided by the conpliance cost paraneter.

Exam ning the expression for v*, it is clear that the firms violation
size declines as the expected fine goes up, which is consistent with the
general result derived graphically in Section 4.2.1. At one extrenme, if the
expected fine is equal to zero, the firms violation size is equal to its
maxi mum viol ation size. At the other extreme, if the ratio of the expected
fine to the conpliance cost paranmeter (e/c) is greater than or equal to the
maxi mum vi ol ation size (v ), the firms violation size is zero. (Contrary to

m
what the expression for v* indicates, the firmwould not choose a negative
violation size because this would inmply that it is incurring expenses to
restrict discharges below the allowed level. As such, it would not be
m ni m zing costs.)

Exam ning the expression for v* it is also clear that the firms violation
Size increases as conpliance costs go up: the larger the value of the
conpl i ance cost paraneter, ¢, the smaller is e/c, and the larger is the
violation size. Once again, this is consistent with the general result
derived graphically in Section 4.2.1.

Deriving Compliance Costs and Damages Avoided
as a Function of the Expected Fine

G ven an expression for the firms violation size as a function of the
expected fine, the second step in calculating the optinal expected fine is
deriving expressions for conpliance costs and danages avoi ded as a function of
the expected fine. (Note that enforcement costs are naturally a function of
the expected fine.) Al this entails is substituting the expression for the
violation size (v¥ =v =~ e/c) for v in the conpliance cost and damages

m
avoi ded function, CC® and DA®. In the case of the conpliance cost
function, this gives:

cc

0.5¢(v - v + e/c)?

m m
0.5c(efc)? = 0.5c(e?/c?)
0.5e%/c.
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And in the case of the dammges avoided function, this yields:

DA=d(v =-v + e/¢c)
m m
= de/c.

For any particular value of the expected fine, e, these two functions give the
firms conpliance costs and the danmges avoi ded by automatically taking into
account the relationship between the expected fine and the violation size the
firm woul d choose.

Deriving Marginal Compliance Costs and Damages Avoided
as a Function of the Expected Fine

The penultinmate step in calculating the optimal expected fine is deriving
expressions for marginal conpliance costs and margi nal danages avoi ded as a
function of the expected fine. Marginal conpliance costs as a function of the
expected fine are given by

MCC = e/c
(derived by taking the derivative of the function CC with respect to the
expected fine). Therefore, marginal conpliance costs as a function of the
expected fine rise linearly with the expected fine, as depicted by the curve
| abel ed MCC in Exhibit 4-5.

Mar gi nal danmages avoided as a function of the expected fine are given hy

MDA = d/c

(obtained by taking the derivative of the function DA with respect to the
expected fine). Thus, narginal damages avoided are independent of the
expected fine, as depicted by the curve |abeled MDA in Exhibit 4-5.

As was seen above, marginal enforcement costs (MEC) rise linearly with the
expected fine, and are given by

MEC = he,

where h is the enforcenent cost paraneter.

The Optimal Expected Fine

As explained in Section 4.2.2, the optimal expected fine is the value of
the expected fine at which the sum of marginal enforcenent costs and marginal
conpliance costs as a function of the expected fine (MECtMCC) is equal to
mar gi nal danages avoided as a function of the expected fine (MDA). Therefore,
in the case of our exanple, it is the value of the expected fine at which:

MEC + MCC = he + e/c = d/c = MDA.
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By solving this equation for e, the optinmal expected fine (e*) is obtained
e* = d/(1 + hc).

Cearly, the optimal expected fine depends on the danages avoi ded
parameter, d, the enforcement cost parameter, h, and the conpliance cost
parameter, c¢. Examining the expression for e*, it can be seen that the
optimal expected fine goes up when danages avoi ded increase (i.e., the value
of d increases); and it goes down when enforcenent becomes nore costly (i.e
the value of h increases). Both these observations are consistent with the
general results derived graphically in Section 4.2.2.

The expression for e* also reveals that for this specific exanple, the
optimal expected fine goes down when conpliance beconmes nore costly (i.e., the
value of c increases). As explained in Section 4.2.2., in general, nore
costly conpliance could inply a |lower or a higher optinmal expected fine.
However, in this exanple, it inplies a |lower optiml expected fine. Had we
used a different set of conpliance cost and damages avoi ded functions, the
opposite may have been true

G ven the assunptions on conpliance costs, damages avoided, and
enforcement costs, the expression for the optiml expected fine is a fairly
sinple one. It shows that, in general, the optimal total expected fine, which
is the optimal expected fine per unit violation tines the violation size (e*v)
is not sinply the sum of the benefits from nonconpliance (conpliance costs

avoi ded), the damages from nonconpliance (the negative of danages avoi ded) and
enforcement costs.
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APPENDIX B

EFFECT OF INCREASED MARGINAL COMPLIANCE COSTS
ON OPTIMAL ENFORCEMENT POLICY

This appendi x presents an anal ysis of the anbi guous concl usions concerning
opti mal enforcement policy of changes in the narginal conpliance costs of the

firms. This discussion appears in this appendi x because of its technica
nature.

As in the case of marginal danages avoided, the effect of an increase in
mar gi nal conpliance costs can be expressed as a function of either violation
size (MCC®) or expected fine (MXC). Unlike the case for marginal danages
avoi ded, however, shifts in the marginal costs of conpliance when expressed as
a function of violation size may result in shifts in the opposite direction
for marginal conpliance costs expressed as a function of the expected fine.
Thus , it is not clear theoretically whether an increase in the margi na

conpl i ance costs faced by the firmwill tend to raise the optimal fine or to
reduce it.

The reason for the anbiguity in the effect of an increase in nargina
conpl i ance costs when expressed as a function of violation size can be
understood by carefully exam ning the relationship between the MCC® curve
and the MCC curve. An upward shift in the MCC® curve always shifts up the
MCC curve provided we hold the firmis violation constant. This is shown in
Exhibit 4-16(a). The initial optinmal expected fine is e*®. The upward
shift in the MCC® curve with the violation held fixed at v° (the initia
viol ation size) pushes up the MCC curve to MCC!(v®). The MEC*MCC curve is
simlarly pushed up. The optinmal expected fine is now given by the
i ntersection of MEC+MCC!(v®) and MDA. Examining Exhibit 4-16(a) it is
clear that the new optimal expected fine (e**) is smaller than the origina
one (e*”). This change in the optinmal expected fine makes sense given the
assunption that the firms violation size is unchanged because the effect of
the upward shift in the MCC® and MCC curves is to raise the total margina
costs of enforcement without changing the marginal benefits. It follows that

fewer resources should be devoted to enforcenent relative to the initia
al | ocation

In reality, however, shifting up the MCC® curve will not leave a firnis
violation size unchanged. As we established in Section 4.2.1, the effect of
such a shift is to raise the firnis violation size (fromv® to v!in
Exhibit 4-3). In terms of the MCC curve, this increase in the violation size
counters the effect of the upward shift in the MCC® curve because a higher
violation size inplies |ower nmarginal conpliance costs along the MCC®
curve. As a result, the marginal conpliance cost curve expressed as a
function of the expected fine shifts down fromwhere it is when the violation
is held constant at its initial value of v®. This is also shown in Exhibit
4-16(a). Wth the new violation size v, the marginal conpliance cost curve
shifts down from MCC*(v®) to MCC!(v!'), but it is still above the
original marginal conpliance cost curve MCC®. As a result (for this case at
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Exhibit 4-16

Decomposition of the Effects of Increases in Marginal
Compliance Costs on the Optimal Expected Fine
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least), the new optimal expected fine, e%2, is smaller than the initia

opti mal expected fine, e*®, but larger than the optinal expected fine, e*?!
(if we ignored the firms response to higher conpliance costs by changing its
violation size).

On the other hand, the increase in the violation size could be very |arge,
so that it is possible for the marginal conpliance cost curve to shift down
bel ow the original curve MCC. This is shown in Exhibit 4-16(b). The increase
in the violation size fromv® to v! shifts the nmarginal conpliance cost
curve down from MCC!(v®) to MCC!(v!'), which is below the origina
mar gi nal conpliance cost curve, MCC°. As a result, the new optimal expected
fine, e**, is larger than the initial optimal expected fine, e*° (and, of
course, higher than the optinmal expected fine, e*!, given that we ignored
the firms response to increased conpliance costs by changing its violation
si ze).

As result of this anbiguity, it is not clear a priori whether an
increase in the marginal conpliance costs faced by a firmwill tend to
increase or reduce the optimal expected fine. It is possible for the optima
expected fine to either increase or to decrease in response to increased
conpl i ance costs depending on the firms' response. Exhibit 4-17 shows both
possi bl e cases. In Exhibit 4-17, the response of the firmto increased
mar gi nal conpliance costs (the shift of MMC® to MCC°!) is strong enough to
imply that the optimal expected fine should rise frome*® to e**. Exhibit
4-17(b), however, shows the opposite case in which the optiml expected fine
falls when marginal conpliance costs rise (MMC®? shifts upward to McCC®!).



Exhibit 4-17
Effects of Higher Marginal Compliance Costs on the
Optimal Expected Fine
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