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Influenced by models of optimal law enforcement, several authors have recently revised the
work on efficient levels of regulatory control to accommodate the realities of underenforcement
and imperfect compliance. However, most of these efforts have centered on either the
enforcement agency or the firm and have largely ignored the decentralized nature of the
enforcement process. This paper extends these results by modelling both the firm and the local
agency and by incorporating detection uncertainty and concealment activity. Each model is
then evaluated with respect to the alternative regulatory regimes of direct controls and emission
taxes. © 1984 Academic Press, Inc.

Since the early work on society’s optimal level of law enforcement [1, 10] a number
of scholars have attempted to recast familiar models of social regulation to accom-
modate the realities of enforcement costs and imperfect compliance. By and large,
attention has focused upon the kinds of adjustments made by various actors once
enforcement difficulties have been raised. McKean [7], for example, considers how
the analyst might revise his or her evaluation of regulatory initiatives in light of
potential enforcement requirements. Shifting to the relative effectiveness of enforce-
ment schemes, Polinsky [8] ties the concern with setting an appropriate fine to the
problem of choosing the best enforcer. Other work deals not so much with the
problems and feasibility of enforcement as with the implications of including
enforcement and compliance costs in determining an optimal level of regulatory
control.

The implications of imperfect enforcement given the most attention are those
connected with the behavior of the firm. Downing and Watson [3] investigate how
the control actions of the firm respond both to several levels of control and to
different enforcement schemes. Going one step further, Harford [4] expands on the
nature of the firm’s reaction to imperfect enforcement in order to predict levels of
noncompliance. Taking a similar perspective, Viscusi and Zeckhauser [11} evaluate
the significance of expected noncompliance for arriving at an optimal level of
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control. Despite these recent refinements in our understanding of social regulation,
several important issues remain.

First, there has been no attempt to integrate the work on the enforcement
difficulties faced by government regulators with an examination of the firm’s
behavior. Clearly, the choice of an enforcement scheme and how it is implemented
should affect the firm’s compliance decision. Following Polinsky, the enforcement
agent’s objectives are likely to differ from those defining social welfare. Further-
more, we can expect enforcement by local authorities to differ from that typically
attributed to the Federal Government. In a decentralized regime then, as public
choice theorists are quick to point out, each local enforcement agency will maximize
its own objective function, seldom reaching a social optimum and seldom coinciding
with the objectives of higher authorities.

What the firm responds to, then, is a mixed set of enforcement signals generated
by a decentralized and often fragmented system of enforcement. Under this system,
the firm’s compliance calculus is likely to be more complex than generally assumed
in previous work relying on simpler, unified schemes of enforcement. Not only will
expected costs expand, but the number of government-chosen parameters influenc-
ing firm behavior will increase as well. Secondly, as McKean points out, there have
been few attempts to incorporate enforcement issues into the evaluation of alterna-
tive regulatory regimes. Our intent is to offer a comparative assessment of direct
control and tax regimes in the context of decentralized enforcement, tracing the
implications of each regime for the behavior of both the local enforcer and the firm.

THE CENTRAL ENFORCEMENT AGENCY

Most of the approaches which examine the firm’s response to controls under
imperfect enforcement begin by respecifying the social objective function to include
the social costs of enforcement. The conventional rule that pollution should be
eliminated only to the point where marginal damages are equal to the marginal costs
of pollution control no longer holds. Instead, socially optimal control is found to
occur at the point where marginal damages equal marginal control costs plus the
marginal costs of enforcing these controls. This provides the central control agency
with information on optimal enforcement, as well as the level of the optimal
standard. However, the social objective function should go further than the objec-
tives attributed to the agency; it should account for the social gains from pollution
relative to its social costs. Nevertheless, assuming that the central agency specifies
some definitive standard, the interesting question is whether taxes or direct controls
are the most appropriate means for reaching it.

If we consider only marginal treatment costs, then a tax regime clearly outper-
forms direct controls. But the choice becomes less one-sided when relative damage
and enforcement costs are considered. Under imperfect compliance, Polinsky argues
that the costs of damages given a private, incentive-based enforcement scheme (not
unlike those proposed for tax regimes) exceed similar costs under relatively more
expensive, public enforcement. Likewise, Harford points out that the marginal social
costs of enforcement will also be relatively higher under taxes than under a direct
control regime. Thus, it is plausible that the least-cost control advantages of a tax on
waste discharges may be outweighed by a corresponding increase in marginal
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damage and enforcement costs. In short, the relative advantages of a taxing regime
may have been overstated, once the impact of each regime on agency and firm
behavior is scrutinized. We will return to this proposition once our modelling of the
firm and agency objectives is complete.

Our first major assumption is that the central agency attempts to influence firms’
behavior by setting a standard w* for desired levels of pollution control, binding
under either direct control or tax regimes, and by setting an expected penalty for
noncompliance to encourage firms to attain w*. While the central agency chooses
some probability of detecting firms in noncompliance, the local agency revises it and
consequently defines the threshold for subsequent action against violators. However,
because of statutory and resource limitations, the local agency has no discretion over
the level of fines or the likelihoods of litigation and conviction established by the
central agency. Like the firm, the local agency must view them as fixed. The next
section examines the local agency’s behavior under these premises.

THE LOCAL ENFORCEMENT AGENCY

The Local Context

The local enforcement agency with jurisdiction over one of several control areas
within a particular state is subject to several political cross-pressures which shape its
incentives. While the central agency sets the ultimate control objectives, the state
supervises the implementation of any control program and directly influences the
level of enforcement by rationing the local agency’s resources. As part of the Federal
enforcement effort, and as enforcement professionals, local authorities are typically
sympathetic to the central agency’s objectives, and yet as state employees they must
be sensitive to the state’s commitment to control. Moreover, as line personnel, local
authorities deal with firms on a day-to-day basis and have a substantial stake in
maintaining smooth working relations. They depend on data from the firms to
satisfy the central agency’s reporting requirements and on the firms’ sufferance so as
not to antagonize state officials concerned with the area’s business climate. Since
most of these local agencies are under-funded given their operating responsibilities,
they are also forced to rely on industry cooperation in achieving control targets.
Negotiation is generally preferred to formal sanction as a means of settling compli-
ance problems. Without state or central agency intervention, local authorities have
neither the resources nor the expertise to offer litigation as a credible deterrent to
noncompliance.

Too aggressive an enforcement effort may undermine state support and industry
cooperation; on the other hand, too lenient an effort may bring sanctions from the
central agency and fail to induce any firms to comply with control requirements.
With the mix of loyalties and pressures facing local authorities, determining an
appropriate level of enforcement is a difficult task. Adding to the difficulty,
however, is the problem of uncertainty. All enforcement actions are based upon the
determination of whether a violation has occurred; in fact, much of the local
agency’s time is taken up with surveillance and monitoring to find violators, rather
than with convincing violators to comply. Assuming that the definition of a violation
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is clear and can be applied to individual cases, a problem in many states, local
authorities must detect violations from very limited and often ambiguous informa-
tion. Even if the amount of information were increased, there are limits to how much
of it could be usefully integrated into the agency’s detection decision. And with
uncertain information comes the chance of errors, some more costly to the agency
than others.

The agency, then, can be viewed as a fallible observer, evaluating information on
noncompliance and observations of firm behavior in order to detect any violations
that might occur. However, because of the uncertainty involved, the decision over
whether or not a violation is indicated will prove to be wrong at least part of the
time. Thus, there are four possible outcomes to the agency’s detection decision:
(1) allege a violation when, in fact, there is one (“hit”); (2) find no violation,
although one is occurring (“miss™); (3) allege a violation, but none occur (“false
alarm™); (4) find no violation, when there is none (“correct rejection™).

In effect, the agency is choosing between two statistical hypotheses on the basis of
limited information with the outcome determined by which of two states of nature,
violation or no violation, applies. This, of course, assumes that the state or central
agency has some means of establishing the true state of nature in order to verify the
local enforcer’s allegations. “Misses,” for example, may be brought to the state’s
attention by the media or concerned citizens, while “false alarms™ are likely to be
vigorously objected to by firms, wrongly accused. Detection errors then can pre-
sumably be uncovered through subsequent investigations or formal proceedings
motivated by those bearing the costs of improper enforcement. We assume that most
errors are eventually brought to light, even if none of the actors has perfect
knowledge of the state of nature, since the capacity of the state to validate the local
enforcer’s choice of the true state of nature is a prerequisite to any state-imposed
penalties for factual error.

The two possible errors, “misses” and “false alarms,” are analogous to Type I and
Type 11 statistical errors, respectively. For the agency, this implies that efforts to
reduce “misses” by favoring the violation hypothesis, also increases the chances of a
“false alarm.” Conversely, efforts to diminish the frequency of “false alarms” by
being more conservative in alleging violations and favoring the nonviolation hy-
pothesis is likely to result in more “misses.” The optimal behavior for the agency in
this context is suggested by statistical decision theory [6]. One should fashion a
decision rule which balances these outcomes, based upon their relative value to the
agency and the efficient use of available information.

Modeling Optimal Behavior

To model the agency’s optimal behavior, we will first consider the simple
stochastic properties of the information bearing on violations, then introduce certain
biases particular to each agency, and finally consider the agency’s choice of a
decision rule.

We represent the information on the firm’s compliance status as a random
variable x drawn from one distribution in the case of violations and from a second
when no violation has occurred. The value of this variable will affect the local
enforcer’s confidence about the true state of the firm’s compliance. Accordingly, we
assume that a separate probability density is associated with x under each of the
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two alternative hypotheses, f,(x) for violations and f, (x) for nonviolation. The
ratio of these two densities then expresses the relative likelihood /(x) = f,(x)/f,,(x)
that the information represents a violation rather than no violation. Because there
are only two alternative hypotheses under consideration, the likelihood ratio will
summarize information into a single, unidimensional index, regardless of the dimen-
sionality of that information. We can assume that our compliance information
variable has k dimensions, each dimension corresponding to a separate source of
evidence on the firm’s compliance. For example, sources might include private
citizen and media observations, the firm’s own reporting, data from monitoring
equipment, on-site inspections, and more cursory surveillance. The dimensions may
vary in salience, and some may take on a zero value when no information is
available from particular sources. Nonetheless, the local enforcer must integrate this
information, by some unspecified process, in order to fashion a likelihood ratio.

Following a practice in signal detection theory [5], we can assume that both
probability densities can be mapped on a unidimensional axis. Since the presence of
a violation simply adds a certain increment of information to the data arising from
nonviolation, we can consider the density function for violations as a translation of
the function for nonviolations and assume that both are of equal variance. Further,
by restricting the distribution of x to be Gaussian under each hypothesis, we can
guarantee that x will be monotonic with the likelihood ratio. This assumption
permits us to treat the unidimensional axis of x values as an ordinal scale of the
likelihood ratio. The local enforcer then can choose a criterion x, and a correspond-
ing likelihood ratio /(x,) that will optimize her detection decisions. Thus, she will
choose the nonviolation hypothesis whenever x < x, and the violation hypothesis
whenever x, < x. This unidimensional construction is illustrated in Fig. 1.

The chances of error mentioned earlier are indicated by the area of overlap
between the distributions of Fig. 1. As the distributions move closer together,
discrimination between them becomes more difficult and the chances of “misses”
and “false alarms” increase. Conversely, as the distributions move apart, the chances
of errors diminish and discrimination becomes more accurate. In the context of
testing statistical hypotheses, this distance is directly related to sample size; as the
size increases, discrimination improves. But for our purposes, neither the number of
observations nor their dimensionality matter nearly as much as their quality. The
more sensitive the agency’s detection network, the further apart the distributions will
appear and the smaller the likelihood of detection error. Of course in the instance of
a substantial violation the sensitivity of the monitor becomes far less important for
detection. Accordingly, detectability d°, represented by the distance between the
centers of the two distributions, will be taken as a product of the relative magnitude
of violations, as well as of the sensitivity of the observer.

t..Ix]
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F1G. 1. The probability density functions of nonviolations (NV) and violations (V).
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The Optimal Criterion

A decision rule for the agency in this context establishes the conditions for
identifying a given observation as representing a violation. Referring back to Fig. 1,
the agency selects a criterion point from the range of observations which serves as a
threshold. Any observation exceeding this point provides support for the violation
hypothesis. In other words, any observation x; falling to the right of x_ in Fig. 1
suggests the presence of a violation. Alternatively, observations falling to the left of
x. support the assumption of no violation. From the perspective of statistical theory,
x . identifies the critical region. Observations falling in this region serve as evidence
for the violation hypothesis. The next question is how the agency goes about
choosing a particular criterion.

As noted earlier, the agency can allege a violation or find no violation, and in
either case may be in error. The likelihood of correctly identifying a violation, a
“hit,” depends upon the joint occurrence of an observation falling within the critical
region and the agency choosing to support the violation hypothesis. For a “miss,”
the choice of the violation hypothesis occurs jointly with an observation falling
outside the critical region, and so on. The interesting feature of this construction is
that, for fixed distributions like those in Fig. 1 and a given a priori probability of a
violation, the agency’s selection of a criterion value x, completely determines the
probabilities of all four possible decision outcomes. Likewise, for any balance among
the outcome probabilities desired by the agency, there is a corresponding optimal
location for the criterion. For example, an agency might desire a balance that
maximizes the number of correct decisions. If both “hits” and “correct rejections”
are of equal value to the agency and if both kinds of errors are also considered of
equal value, the optimal location of the criterion value will be at the intersection of
the two distributions in Fig. 1. But as the values of any of these outcomes change,
the optimal criterion value will fall to the left or right of this intersection. Choice
of the optimal criterion, then, will be affected not only by the relative likelihood of a
violation, but also by the values the agency attaches to each decision outcome.

The Agency Objective Function

Consider how the detection goal might differ across local enforcement agencies.
Just as there are areas with special climatic problems where the enforcement
practices mandated by the state seem surprisingly lax, there are also areas whose
economic and political climates make these practices appear unreasonably onerous.
While in the former instance the value of a “hit” and the cost of a “miss” may be
especially high, in the latter instance avoiding “false alarms” and reinforcing the
cooperative efforts of compliers and near-compliers may be the predominant con-
cern. To accommodate these different priorities within a single model, we will
postulate a well-known rule [2] for decision making under uncertainty which
captures local enforcement behavior: The local agency maximizes the expected value
of its detection decision.

Using the joint probabilities of choosing a particular hypothesis and being correct
or in error to weigh the values of the four possible outcomes, the agency’s objective
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function appears as

max expected value = p(D& V)By, , + p(ND&NV)Byp yy
=p(ND&V)Cyp, — p(D&NV)Cp vy, (1)

where B signifies a benefit and C, a cost. The D stands for detection, or alleging a
violation, and V for a violation, with the prefix N designating no detection (ND) or
no violation (NV'). The p elements represent the joint probabilities of the events
indicated within the braces. Note that without a decision rule the agency would be
forced to evaluate the benefits and costs of every decision. Whether to allege a
violation, for example, would depend upon the expected value of that decision
relative to the value of not making an allegation:

p(D& V)BD,V - P(D&NV)CD,NV §p(ND&NV)BND‘NV
_P(ND& V)CND,V- (2)

The use of a criterion, of course, economizes on both evaluation efforts and
information requirements.

To simplify matters, we can restate the probabilities of joint occurrences used in
these two expressions as the product of an a priori probability and a conditional
probability. For example, p(D & V) can be replaced by p(V) - p(D|V), where
p(V) is the a priori probability that a violation will occur and p(D|V) is the
probability that the agency will allege a violation given that one has actually
occurred. The other important conditional is p(D|NV'), the probability that the
agency will allege a violation when, in fact, no violation has taken place. Borrowing
our earlier designations, these two conditionals are the “hit” and “false alarm” rates
for the agency and are sufficient to capture agency performance, since the probabil-
ities of the other two outcomes, “miss” and “correct rejection,” are their comple-
ments. Substituting these conditionals and a priori probabilities into expression (1),
maximizing the expected value is equivalent to maximizing:

p(D\V) — bp(DINV) (3)

where

_ p(NV) . (BND,NV"’ CD,NV)
b= p(V) (BD,V+ CND,V)' (4)

Further, it can be shown [5] that b in expression (4) designates the value of the
optimal criterion. In order to maximize the expected value of its decisions, then, the
agency must locate its criterion x_ at the point within the set of observations in Fig.
1 which corresponds to the value of b. The optimal location of x,can now be seen to
depend solely upon the a priori probability representing the agency’s expectations
about the chances of violations before any observation is made, and the relative
values assigned to the decision outcomes.
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F16. 2. Curves showing the “false alarm” rate versus the “hit” rate for several levels of detectability
d®).

As expression (3) illustrates, the value of b offers a compromise between missed
detections and false ones based upon agency values and expectations. More specifi-
cally, b specifies the agency’s optimal weighting of “hits” relative to “false alarms.”
The trade-off between “hits” and “false alarms™ can be expressed more directly if
we examine the possible combinations of probabilities on a unit square with p(D|V)
on the ordinate axis and p(D|NV) on the abscissa. This plot shown in Fig. 2 is
simply another way of representing the information in Fig. 1 for a range of criterion
values. It should be pointed out that p(D|V') and p(D|NV') correspond to the areas
under the respective ¥ and NV curves of Fig. 1 which fall to the right of the criterion
X,

The curves in Fig. 2 represent the trade-offs between p(D|V) and p(D|NV) as x,
ranges over its possible values. The shape and location of these curves are de-
termined by the parameters of the density functions displayed in Fig. 1. As x_ moves
from the far left to the right in Fig. 1, we move from the upper right toward the
lower left along the curves in Fig. 2. The problem of choosing a criterion value now
becomes a problem of locating the particular point which represents the optimal
weighting of “misses” and “false alarms.” Not surprisingly, the optimal point 4
appears at the tangency between the tradeoff curve and the linear expression given
by expression (3). Once again b appears, this time as the slope of the tangent at the
optimum. Even if b happens to change, the appropriate “hit” and “false alarm”
probabilities will continue to appear at the point of tangency.

The Impact of Changing Parameter Values

Unlike earlier theories of optimal enforcement [9, 10] our theory is premised on a
decentralized system of enforcement characterized by wide disparities in how the
states implement Federal goals and adaptive behavior on the part of local agencies.
When given discretion by the state, the local agency responds not by raising the
probability of detection to the highest level its resources will sustain (or even to the
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level desired by the central agency) but by trading off its likely error and success
rates to utilize the available information in the most effective way. These trade-offs
provide an effective solution to the problems of balancing technical and political
feasibility. The significance of such a strategy becomes more apparent as we turn to
the implications of changing the various components of optimal agency behavior
and examine how these alter the character of local enforcement.

Consider the baseline case mentioned earlier with “even” a priori odds of a
violation and equally valued outcomes. The criterion value b in this instance will
equal one; accordingly, x will be positioned at the intersection of the curves in Fig.
1, where the two density functions assume the same value. This particular criterion is
known as the “minimax” and is optimal for minimizing errors. Assume for the
moment that the parameters of the density functions remain fixed. The a priori odds
express the agency’s expectations about the incidence of violations. Any change in
the a priori odds then signifies a change in the level of evidence required to confirm
or deny a violation. If a particular jurisdiction has had few violations in the past or if
noncompliers seem to be making a “good faith” effort to comply, the odds are likely
to favor the no-violation hypothesis.

For a given set of outcome values, if the odds are against a violation, the value of
b will increase and x, will shift to the right reflecting the agency’s reluctance to
allege a violation in all but the most extreme cases. On the other hand, if the odds
favor a violation, the value of b will decrease, shifting x, to the left. In this instance,
the agency classifies even ambiguous cases as violations since it expects noncompli-
ance to be the rule rather than the exception. Although the a priori odds are shaped
by the experiences of the agency, they will also reflect the agency’s relations with
firms in their jurisdiction. Maintaining good relations with the agency may assure
the firm a “benefit of the doubt” in detection decisions.

Alternatively, for a fixed level of a priori odds, the detection of violations may
increase in importance because of pressure from the central agency or emergency
conditions, effectively raising the cost of every “miss” or the value of every “hit.”
Referring back to expression (4), such a change increases the size of the denominator
of the term on the right, lowering the value of b. The position of x, in Fig. 1 shifts to
the left, increasing the proportion of “hits” relative to “misses.” Conversely, if the
importance of detection becomes secondary to the cultivation of good industry
relations, the value of acknowledging compliance and avoiding unsubstantiated
allegations increases. These changes affect the numerator of the term on the right
side of expression (4), raising the value of b and shifting the optimal criterion in Fig.
1 to the right. In effect, the agency becomes less predisposed to allege a violation for
any particular observation of firm activity. This bias toward restraint can result from
the fear of increased pressure on agency resources generated by firms’ unwillingness
to cooperate voluntarily or by their inclination to contest allegations through costly
formal proceedings. Pressure can also be applied by firms indirectly by complaining
to state authorities. If the state favors the industry position, the local agency can be
punished by cutting its resources, restraining its authority, or curtailing its salaries
and promotions.

Finally, for a given set of agency values and expectations, the distance d° between
the distributions in Fig. 1 (the area under each curve in Fig. 2) might be altered. As
noted earlier, increasing this distance improves the agency’s ability to discriminate
violations and nonviolations. For a given “hit” rate, for example, as the distance
between distributions increases, the “false alarm” rate must decrease. In Fig. 2, the
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curve would be displaced upward and to the left for any increase in this distance,
simultaneously reducing both “miss” and “false alarm” rates. Generally, any
measures heightening the surveillance capability of the agency will reduce error rates
and consequently improve the accuracy of detection decisions. Of course, greater
accuracy can also be a product of an increase in the severity of violations. Thus, the
quality of detection is likely to differ from jurisdiction to jurisdiction not only as the
result of agency biases and the state’s investment in monitoring technology, but also
due to disparities in the scope and magnitude of noncompliance.

For the firm committed to avoiding detection, our model suggests that a strategy
based on changing the local agency’s expectations, the values of decision outcomes,
or the detectability of violations, can be successful in lowering the agency’s “hit”
rate. On the other hand, it is always possible for the agency to respond to such overt
gaming behavior by moving to a higher likelihood of detection, despite the costs of
“false alarms.” Unfortunately, addressing these interactions requires a model of the
participants’ reaction functions in what amounts to a noncooperative game. We will
leave these questions to a separate paper.

Changes under a Tax Regime

The shift from a direct control to an emission tax regime is an external source of
change in the local agency’s decision parameters which, like the intervention of
particular actors, will alter its optimal decision rule. Nonetheless, the local agency
will continue to choose a rule based upon its goal of maximizing the expected value
of its decisions, and the basic character of violations will remain the same.

Under either regime the difference between the firm’s level of reported wastes and
the central agency’s ultimate control standard w* must be accounted for in some
way. For a tax regime, any difference must be covered by the level of fees ¢ the firm
pays. Under direct controls, differences must be authorized by a schedule of
compliance specifying a required level of control w, for any given period. Both w;
and ¢ are imposed on the local agency from above and are subject to periodic
adjustment to assure that w* is eventually attained. Once a firm is bound by a
particular w,, any excess of its reported wastes w, over the level mandated could be
considered a violation. Violations of this sort, however, are typically resolved either
by convincing the local agency to accept a larger w, based on intended progress
toward w, or by appealing to the central agency for a variance to raise w;.
Consequently, the only form of violation causing the agency a detection problem in
either regime occurs when the firm’s actual level of wastes exceeds the level it
reports.

As with violations, the burden of detection facing the local agency will appear the
same regardless of the regime. The agency is responsible for detecting departures
from authorized levels of emissions, whether the authorization takes the form of a
tax receipt or control requirement. Under either regime, monitoring for continuous
compliance is a desirable practice; and the more accurate the monitoring, the better
able the agency is to detect violations. However, the two regimes differ substantially
in the flexibility each permits the local agency and the firm.

Under direct controls the local agency is able to barter flexibility over the firm’s w,
for an accommodation of its error costs. Such cooperative arrangements can also
reduce the agency’s surveillance and data burdens, while providing an opportunity
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to persuade firms to comply. Although the firm’s cost of relying on negotiation to set
an acceptable w, may be quite high, the cost of appealing the level of w, to the
central agency is typically much higher. Conversely, with a tax regime the firm no
longer needs to negotiate with the local agency over w, but can report a level of its
own choosing. However, the consequent elimination of negotiation costs and gain in
flexibility for the firm is accompanied by a reduction in flexibility for the local
agency. The agency loses bargaining leverage with the firm, since the difference
between w, and w, is now irrelevant, and is forced to replace its negotiated
settlements with even-handed, rigid treatment. As a result, the agency must not only
sacrifice its opportunity for persuasion and mutual accommodation, but also shoulder
the full costs of its detection errors.

The shift to a tax regime is likely to affect the agency’s optimal decision rule in
several ways. First, the a priori odds of a violation are more likely to be close to
even, largely because the agency is in a less secure position in predicting the
incidence of violations. Without information on the firms’ control technology or on
their plans for production changes, the behavior of violators may become more
erratic from the agency’s perspective. Secondly, although one might expect the value
of a “hit” to increase for the agency given the importance of accurate fee assess-
ments, this is probably not the crucial change. Unless the central agency can
discover underassessments and sanction the local agency for them, “ misses” will not
be nearly as important as “false alarms.” Once we eliminate cooperative relations,
an overassessment due to a “false alarm” is likely to lock the agency and the alleged
violator in a costly proceeding to resolve the dispute. Of course, the firm may refuse
to pay altogether, thereby undermining the credibility of the agency as assessor.

If, as we argue, the “false alarm” generates a higher expected cost than a “miss,”
the optimal criterion will assume a higher value under a tax regime, all other things
being equal. This will shift x_to the right in Fig. 1 and result in a relatively lower
“hit” rate and a higher frequency of undetected violations. In the aggregate, these
violations may reverse progress toward mandated standards. However, efforts to
artificially lower the “false alarm” costs to the agency may induce firms to
systematically underreport emissions as a compensatory measure against overassess-
ment. Nevertheless, in some jurisdictions, norms of cooperation and informal modes
of conflict resolution may restrain the costs of “false alarms”™ and nurture a “hit”
rate that approaches the one under direct controls. While some agencies may do
almost as well at detecting violations under a tax regime as they did under direct
controls, many will likely do much worse.

Under our model of agency behavior, the only way to raise the “hit” rate for a
given rate of “false alarms” is to increase the quality of discrimination between
violations and nonviolations through more sensitive monitoring devices. There is no
need to assume that monitoring emissions is any more or less difficult under one
regime than under the other; nor is there a need to impose differences in the
required frequency of inspections between the two regimes. Monitoring under a tax
regime will require a more sophisticated, and thus a more expensive, detection
system to achieve at least the same level of detection as under direct controls. This is
not necessarily because detection becomes a greater burden, but because of the local
agency’s response to higher error costs.

The following section of the paper presents a simple model of a profit maximizing
firm under the two alternative regimes of direct controls and emission taxes. Firm
behavior is analyzed with respect to levels of output, waste emission, and conceal-
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ment efforts for a range of potential changes in the parameters-controlled by the
government.

THE FIRM’S RESPONSE TO ENFORCEMENT

Consider a firm producing a good x from which it receives revenue R(x); it can
be operating in any type of market structure. The costs of producing good x,
C(x,w, u), depends on three critical elements: x, the amount of the good produced;
w, the amount of wastes emitted; and u, the amount of concealment effort that the
firm undertakes to avoid the detection of any waste emissions exceeding the level
permitted by the government. Marginal revenue is R, and the marginal cost of
output is C,, where partial derivatives are indicated by subscripts.

In the absence of any external constraints, the firm finds it profitable to increase
its wastes to w,, where C,, = 0. For the full range of waste emission levels from no
emissions to w,, the marginal costs of polluting are negative (i.e., benefits). At waste
levels greater than wy,, however, C, becomes positive and the costs of production will
rise as the level of waste emission increases. Clearly, the firm will always avoid levels
of waste that place it on this portion of the cost curve. Consistent with this
description, we assume that the marginal costs of waste emission are increasing
C,. > 0 and that the marginal cost of output decreases with increases of waste
emissions C,,, < 0 as long as the level of emissions does not exceed w,. We further
assume that the marginal costs of concealment efforts are positive C, > 0 and
increasing C,, > 0. And as the level of concealment escalates, the marginal cost of
waste emissions decreases C,,, < 0. Unlike changes in the level of waste emissions,
however, increases in concealment are likely to raise rather than lower the marginal
costs of output C,, > 0.

Because a specific abatement technology is required of firms under direct controls
but not under a tax regime, we can expect the firm’s cost functions under the two
regimes to differ. With direct controls, technology requirements imposed industry-
wide without regard for differences in marginal abatement costs will typically
generate an efficiency loss for the firms who choose to comply. Rather than
attempting to specify either the size of the efficiency loss or the lump sum and
operating costs involved, we simply assume that the firm’s cost function for a direct
control regime C’(x,w, u) will not be less than its minimum cost function C(x,w, u)
at every value of output, waste, and concealment.

Direct Controls

The central agency determines several parameters that affect the firm. The first is
a technology-based control standard w, which places a limit on the amount of waste
the firm is allowed to-emit. This limit is gradually tightened to bring industry
emissions to a level w* sufficient to guarantee a desired degree of environmental
quality. Given the stringency of w* necessary to meet air and water quality goals, we
assume that the control standard w, in any given period is invariably below the level
of waste emission the firm would choose in an unconstrained situation w, and
frequently below the lével chosen in practice w’. In order to ensure compliance with
w, the central agency introduces a set of civil and criminal fines intended to sanction
firms whose waste levels exceed w,. A fine is levied at each of three enforcement
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stages: a fine follows the initial detection of a violation; at the litigation stage an
effective fine results from the expense of mounting a credible legal defense; and a
fine is imposed upon conviction. These three fines can be represented as a column
vector F = { F(D), F(L), F(€)}. But a fine alone is not sufficient to deter potential
violations; there must be some recognized likelihood that these fines will be imposed.
Accordingly, the central agency also determines the chances that a given violation
will be fined and litigated. The probability accompanying each stage of fines can be
represented as a row vector P = { P(D|V), P(L|D), P(C|L)} whose elements are
the conditional probability of detection given a violation, the probability of litigation
following detection, and the probability of a conviction resulting from litigation.

The firm’s decision whether to comply with the central agency’s control standard
is based, in part, upon the expected costs of noncompliance. The major component
of the expected costs is the sum of possible fines weighted by the risk of their
imposition. This sum is known as the expected penalty from noncompliance,
assuming that firms are neither risk adverse nor risk acceptant, and is typically
represented as the product of the probability and fine vectors set by the central
agency, P - F. However, in a decentralized system, the local enforcer, through its
surveillance and inspection activities, is responsible for the actual likelihood of
detection. Because of resource limitations and political pressures constraining local
efforts, the chances of a local enforcer detecting a violation are generally smaller
than those desired by the central agency.

In effect, the local enforcer revises the central agency’s probability of detection
P(D|V) downward by an amount p resulting in a new probability p(D|V).
Changing the probability of detection alters the expected fines at each stage of
enforcement and produces a new expected penalty. We can represent the local
enforcer’s adjustment as a row vector p with the amount p in the first row and zeros
elsewhere. The adjusted penalty G is given by G = [P — p] - F.

In our earlier discussion of the local agency, we suggested that the firm could
influence its chances of being detected p(D|V') indirectly by changing the local
agency’s error costs. However, the firm can also reduce p(D|V) more directly by
actively avoiding detection through various measures designed to conceal the extent
of its violation. Concealment measures include: attempts to change operations or
employ idle control technology on a temporary basis in order to “pass” prearranged
onsite inspections, reliance on unconventional disposal practices, falsifying reports,
and image-building designed to erode the credibility of critics and divert attention
from noncompliance. Depending upon the magnitude of the violation involved, the
firm’s concealment efforts can be quite costly. Nonetheless, even if such efforts are
only partially successful, the firm will be able to reduce its chances of being caught
by local enforcers. And in reducing p(D|V) through concealment, the firm is
altering the expected penalty attached to noncompliance.

More specifically, the firm’s concealment efforts reduce p(D|V') by an amount u,
resulting in a new probability of detection u(.D|V'). The impact of concealment on
the expected penalty can be represented by a row vector u with the amount u in the
first row and zeros elsewhere which, when subtracted from the probability compo-
nent of the adjusted penalty, yields a firm-adjusted penalty H =[P — p — u}- F.

Aside from indirect pressure on the local enforcer and concealment measures, the
most effective means available to the firm for mitigating the expected costs of
noncompliance is simply to limit the size of its violation. Since both the chances of
detection and any subsequent fines increase with the seriousness of the violation,
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adjusting the size of v can have a direct impact on the size of the noncompliance
penalty and upon the costliness of effective concealment. We can represent the
impact of v on the noncompliance penalties by expressing the adjusted penalty G as
G(v) and the firm-adjusted penalty H as H(v, u). The functions G(v) and H(v, u)
are assumed to be continuous and twice differentiable. Similarly, the local enforcer’s
probability of detection p(D|V') and the firm’s revision u(D|V') can be expressed as
p(v) and u(v), respectively. Finally, the marginal costs of concealment vary as a
positive function of the size of the firm’s violation u, > 0.

In order to complete our picture of the firm under direct controls, we must
incorporate the costs to the firm of meeting compliance requirements. For most
industries, the control standard w, set by the central agency is accompanied by
specific technology requirements. Unfortunately, the abatement technology desig-
nated for industry use need not be the least costly method of reaching w, and may
force some firms to operate inefficiently. The profit maximizing firm will consider
these costs relative to the expected costs of noncompliance and concealment oppor-
tunities and choose an optimal waste level w’ somewhat below w,. The compliance
cost is indicated by the area labeled A in Fig. 3. The size of the resulting violation is
equal to w’ — w,. However, once this violation is detected, the firm will be forced to
lower its w’ to w;, in order to achieve full compliance. The expense of reducing w’
represents an additional compliance cost equal to the area in Fig. 3 labeled B.

Since the additional costs of coming into full compliance are contingent upon
detection, they are best understood as expected costs supplementing the firm-adjusted
penalty for noncompliance. The expected cost to the firm of the additional move
toward compliance is given by

[P(U) - “][C,(x’ws’ u) - C’(x,w’, u)] .

We can reexpress C'(x,w,, ) as C*(x) since the firm must view w, as a constant,
and u goes to zero once w, is reached. Given our previous definitions, the firm’s
expected profit is equal to revenue minus costs minus the firm-adjusted penalty
minus the expected costs of additional compliance, or

R(x) = C'(x,w,u) — H(v,u) —(p(v) —u)[C*(x) — C'(x,w,u)].

The firm chooses an output x, a level of waste w, and a level of concealment «, so as
to maximize expected profit.

FI1G. 3. The expected additional costs of compliance.
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The first order conditions necessary for a solution are

(a) R,—C,—(p(v)—uw)(C:-C)=0
)  —C,—H,~[(p,—u,NC = C)+(p(v) —u)(-C;)] =0
(c) -G/ = H,+(p(v) —u)(C; - ¢) +(C* - C) = 0.

Condition (a) states that marginal revenue should equal the marginal costs of
output plus the expected marginal costs of output arising from additional compli-
ance efforts. Note that if the cost function is separable in output and wastes
(C/,, = 0), this last term is zero and we get the conventional notion that marginal
revenue should equal the marginal cost of output. If C/,, < 0, we can expect the term
C: — C] to be positive, and marginal revenue will exceed the marginal cost of
output. Thus, the threat of detection, together with the additional burden to achieve
full compliance, effectively reduces the firm’s level of output.

Condition (b) tells us that the firm chooses a level of waste such that the marginal
cost (benefit) of one more unit of waste C; is equal to the marginal firm-adjusted
penalty plus the marginal expected costs of additional compliance. The marginal
expected cost of additional compliance is positive; therefore, the firm emits wastes at
a level lower than if a penalty alone were imposed. While the equality in (b) might
fail because of a discontinuity at w = w, where the violation disappears, given our
modelling of agency behavior the firm still faces some positive probability of
mistaken detection. Another corner solution occurs if the firm ignores enforcement
altogether and sets w = w;,. This condition is relevant whenever the cost savings
from the marginal effect of concealment exceed the cost increases resulting from the
marginal effect of the probability of detection on both the penalty and the costs of
additional compliance. Finally, if the probability of detection, the penalty set by the
central agency, and the firm’s costs of concealment are fixed and independent of the
size of the violation, the firm will make no effort to comply (i.e., the firm chooses
W= W)

Condition (c) implies that the firm chooses the optimal level of concealment
activity by setting the marginal cost of concealment (C;) equal to its marginal
benefit. Concealment’s benefits derive from the marginal reduction it produces in
both the expected penalty and the expected costs of additional compliance. Under
these circumstances, the firm will undertake more concealment effort than it would
if only a penalty were at risk. Note that the imposition of the additional costs of
compliance contingent upon detection causes the firm to reduce profit maximizing
waste levels and to increase socially unproductive concealment activities.

Under the second order conditions the cross partials of the cost and expected
penalty functions should not be too large in comparison with the repeated partials in
x, w, and u. Satisfaction of these conditions ensures a global maximum with an
interior solution as long as there is no discontinuity at v = 0 and the cost of
concealment is not too low relative to the expected penalty. While our derivation of
the comparative statics for the firm’s response to the agency parameters p(v), F, and
w, fails to indicate the appropriate signs for a number of elements, we will offer
tentative predictions by focusing largely upon responses occurring after the first
round of changes.

Consider an increase in the probability of detection p(v). If p(v) goes up, the
expected penalty and the expected costs of additional compliance will rise, necessi-
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tating a redress of all three conditions. A change in output will start to redress the
balance in condition (a). First, as output drops, the marginal cost of production
drops and the marginal revenue rises. Second, if C,, <0 and p(v) goes up, the
optimal level of waste emission drops causing the term (C; — C) to decrease and
reducing further the expected costs of additional compliance. Finally, the drop in x
and w is likely to decrease the marginal cost of concealment (through C,, and C;,)
while, at the same time, the expected cost of additional compliance is falling. This
leaves the balancing of concealment u# uncertain. The first round effects of an
increase in the probability of detection may raise or lower u, but in either event
appear to diminish both output and waste emissions.

Now consider an increase in the level of fines. If F goes up, the expected penalty
goes up, but the expected costs of additional compliance do not. Thus, there is no
first round effect on the level of output the firm chooses. As the expected penalty
goes up, creating an inequality in condition (b), the optimal level of emitted wastes
will drop. This drop in w’ will reduce the size of the violation and lead to second
round effects on x, w and u. The rise in the fine will also cause the marginal benefit
from concealing the violation to rise. This will increase concealment efforts neces-
sary to redress the balance in condition (c). Because the fine works by itself while the
probability operates on both the expected penalty and the expected costs of
additional compliance, raising the level of the fine will have less of an impact on
firm behavior than will increasing the likelihood of detection.

Finally, consider the effect on the firm of the agency’s setting a stricter standard
(reducing w,). By augmenting the size of exiting violations, a more stringent w,
increases both the firm’s chances of being detected and its concealment efforts. But
it is uncertain whether the firm is also given an incentive to lower its waste
emissions; this depends largely on how the expected costs of noncompliance are
affected. If increasing the violation by lowering w, has a larger marginal effect on
the probability of detection than on the expected penalty and costs of additional
compliance, the expected costs of noncompliance will increase and the firm’s
optimal levels of output and waste will drop. If, on the other hand, the marginal
effect on the expected penalty and costs of additional compliance is greater, the
costs of noncompliance will fall, stimulating an increase in waste and output levels.
It is likely that the second and third round effects will be sizable in this particular set
of changes, contributing to the ambiguity regarding the precise effect that changing
standards will have on firm behavior.

Changes under a Tax Regime

The firm’s behavior under direct control is likely to differ substantially from its
response to a tax assessed on the level of emitted wastes. Evasion of an emissions tax
occurs when the firm sets reported-wastes w, below the level of emitted wastes. Again
we assume that the firm can reduce the probability of detection p(v) by an amount
u through efforts to conceal the extent of its underreporting (i.e., violation).
Concealment activities include those listed in the previous section and perhaps the
additional expense of satisfying more extensive and detailed reporting requirements
to establish tax liability. The firm’s costs C are a function of output x, level of
wastes w, and concealment effort u, as in the previous section. All of the signs of the
partial derivative in the cost function remain the same. -
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A unit tax ¢ is applied to reported wastes w,, and the total pollution tax equals
t-w,. In order to prevent the firm from completely avoiding the tax by setting
w, = 0, the agency exhibits a set of fines and probabilities of detection for violations
v=w — w, Again we will use H(u,v) as the firm-adjusted penalty. The expected
cost of additional compliance is no longer relevant under a tax regime. Instead, the
firm found in violation for underreporting its actual wastes must pay both the
penalty given by H(u,v) and the outstanding tax on the unreported wastes,
t(w — w,) = . The expected tax liability following detection equals the probability
of detection, adjusted by effective concealment, times the amount of additional tax,
or (p(v) — uXvr).

Using R(x) to denote total revenue as a function of output, the expected profit of
the firm may be written as

R(x)—C(x,w,u) —wt— H(u,v) —(p(v) —u)ut.
The firm now maximizes expected profit by setting four variables; x, the level of

output; w, the level of emitted wastes; w,, the level of reported wastes; and u, the
level of concealment effort. Accordingly, the four first order conditions are

(a,) Rx_Cx=0
(b)) - C,—H,-[(p,—u,) ot +(p(v) —u)v,1] =0
(c) ~C,—H,+uvt=0
(@) = Hyy [y = )0t +(p(0) — )] = 0.

Condition (a") simply states that the firm chooses its output level by setting
marginal revenue equal to the marginal costs of output. Note that, in contrast to the
standards regime, the expected costs of additional tax liability do not affect the
firm’s choice of output level.

Condition (b’) tells us that the firm chooses a level of waste such that the marginal
cost (benefit) of one more unit of waste C,, is equal to the marginal expected costs of
both the penalty H, and additional tax liability. Since, the marginal cost of
additional tax liability is positive, the firm will emit wastes at a level lower than if
only a penalty were imposed. While the equality in (b") might fail because of a
discontinuity at w = w,, where the violation disappears, given our modeling of
agency behavior, the firm will continue to face some positive probability of mistaken
detection.

Condition (¢’) states that the firm chooses the optimal level of concealment by
setting its marginal cost C, equal to the marginal benefit. The marginal benefit of
concealment is composed of the marginal reduction in both the expected penalty and
the expected costs of additional tax liability. Again, the imposition of the additional
compliance requirements following detection causes the firm to reduce the amount
of emitted wastes and to step up its concealment activity.

Condition (d") shows that at maximum profits, the firm reports wastes only to the
point where the acknowledged tax liability equals the marginal expected penalty H,,
plus the marginal additional tax lLiability from changing w,. If conditions (a") through
(d) hold, it is obvious that —C,, = #; in other words, the marginal benefit of waste
emission will be set equal to the marginal unit tax on the reported emissions.
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Once again, the second order conditions for an interior maximal solution are
assumed to hold, and because of problems with the comparative statics, we will limit
our focus to the effects following the first round of changes. Consider an increase in
the probability of detection p(v) or in the level of the fine structure F. If p(v) or F
rise, the expected penalty and the expected costs of additional tax liability will rise,
necessitating a redress of the four, first order conditions. The output x will not
change with this increase until the second round of effects. Any increases in the
expected penalty and in the additional tax liability will force an initial drop in the
level of emitted wastes and will also tend to reduce the level of reported wastes. This
decrease in w, in turn, reduces the marginal cost of concealment (through C,,),
raising its optimal level.

Now consider the impact of a change in the tax rate ¢. Since the first order
conditions require that — C, = ¢, an increase in the tax rate will cause an increase in
the marginal cost (reduction in the marginal benefit) of emitting wastes. This will
reduce the level of emitted wastes directly. Also note that the increase in ¢ will
decrease the level of reported wastes w, as shown in condition (d’). Raising the tax
rate can also raise the size of the violation by lowering w, faster than it lowers w.
Any increase in the size of the violation v will escalate the level of concealment in a
compensatory fashion to balance the resulting increase in the expected penalty.

CONCLUDING REMARKS

The firm’s behavior under the two alternative regimes sheds light on the ability of
the central or local agency to encourage compliance with any control scheme. Under
both regimes, the local agency’s likelihood of detecting noncompliance has a greater
capacity to affect the firm’s behavior than does the level of the fine because it affects
both the expected penalty and the expected cost of additional compliance/tax
liability. For any given percentage change in the expected penalty due to either P or
F, a p-induced change will produce a greater percentage change in wastes emitted w.
Moreover, a tax regime is likely to lead to a relatively higher level of emitted wastes
since the firm can optimally set both the level of emitted wastes and the level of
reported wastes. This allows the firm to trade off the gains from emitting wastes
against the costs in order to select the optimal size of its violation. Conversely, under
a direct control regime, the firm chooses only the level of w relative to a w, which is
fixed from the firm’s point of view.

A tax regime offers the firm considerable flexibility in choosing w, and w, without
the burden of negotiating with the local agency. From the perspective of the local
agency, however, a tax regime rules out discretion in the treatment of firms and
consequently removes the opportunity for the informal resolution of detection
mistakes. Restricting resolutions to formal modes, such as adjudication, raises the
cost of “false alarms,” but probably has little impact on the cost of “misses.” Under
these circumstances, the local agency’s optimal response is to lower its frequency of
“false alarms™ at the expense of aggressive detection. And in spite of the sensitivity
of the firm’s compliance incentives to changes in the probability of detection, unless
the detection system is upgraded to compensate for the conservatism of many local
enforcers, noncompliance can be expected to increase relative to levels under direct
controls. Thus, damage costs are likely to escalate under a tax regime with increased
enforcement costs as the only remedy.
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The probability of detection is not only subject to changes that might occur in the
local agency’s values and expectations, but is also vulnerable to mitigation by the
firm’s concealment efforts. Reducing the impact of the probability of detection is
also likely to weaken the other components of the penalty structure, since all of the
expected penalties are contingent on detection. The fine structure, which enables the
central agency to set the level of expected penalty, induces the firm to comply with
mandated standards or reporting requirements through its contribution to raising
the costs of noncompliance. However, a low probability of detection lowers the
expected costs from noncompliance, and thus raises the firm’s optimal level of waste
and violation. The size of this increase will depend upon whether the firm found a
need to engage in concealment, and whether the cost of these efforts remained
smaller than the potential gains from higher waste levels. Any effort by the central
agency to reverse the increase in waste levels by raising the expected penalty— this
includes lowering w,, raising ¢, or raising the size of the fines—will be discounted by
the probability of detection.

It would appear then that raising the probability of detection is the most crucial
step toward securing compliance under either regime. However, under a decentral-
ized administration, any changes in the probability of detection can occur only if the
local agency has both adequate resources and proper incentive. In short, regardless
of the stringency of the controls and penalties promulgated by the central authori-
ties, unless violations are first detected by the local agency, other measures will have
little practical significance for the profit-maximizing firm.

By examining regulation within a decentralized system, we have not only relaxed
the assumption of full compliance by firms, but also rejected the notion of uniform,
perfect detection on the part of enforcement authorities. Clearly, there is widespread
diversity in enforcement practices across different local areas and often a divergence
between the objectives of central and local authorities. If the realities of decentraliza-
tion are ignored, efforts to enhance compliance can evolve into futile attempts to
gain control over enforcement. In these instances, the central authorities will revert
to rigid operating procedures designed to remove the discretion of local agencies.
Nevertheless, detection will remain ideosyncratic, a product of how the local agency
responds both to the requirements imposed by several higher authorities and to the
compliance behavior of the firms under its jurisdiction.

How then can the enforcement performance of local agencies be enhanced? It
makes little sense to ignore the diversity of enforcement situations or to try to negate
it through the imposition of inflexible formulas. According to our model, decentral-
ized enforcement has the advantage of supporting a cooperative relationship be-
tween firms and local agencies. The local agency sets a threshold for its detection
decisions depending, in part, upon knowledge of firms’ past behavior and contact
with the firm’s management. In other words, the rational local agency relies on prior
odds to discriminate among firms, rather than using a rigid rule promulgated by an
unfamiliar agency from a distant location. Better technology and more resources for
surveillance would reduce the error in these odds.

More importantly, the rational local agency is highly sensitive to the potential,
political costs and benefits of its decisions. The aggressiveness of local detection
efforts—the trade-off between likely error and success rates—can be influenced by
changing the local agency’s incentives. By increasing the value of some outcomes
while reducing others, local agencies can be made either more lenient or more severe
in their detection decisions, altering the probability of detection in the aggregate.
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Achieving a higher level of compliance by firms will be aided, not by demanding
inflexible compliance by local authorities, but by: (1) acknowledging the separation
of enforcement powers common to a decentralized system, and (2) altering either the
detection problem or the incentives faced by the local agency.

Our analysis has been limited in the sense that we have taken a comparative
statics approach to delineate the basic features of the enforcement relation, rather
than attempting to develop a complex but more powerful dynamic model of the
enforcement situation. The next stage of research should move beyond our rudimen-
tary systems perspective, with its emphasis upon the distinctive motivations of the
local enforcer and the industry enforcee in a decentralized enforcement environment,
to an interactive framework allowing for explicit endogeneity in the participants’
objective functions. In this way, we can model each actor’s strategic responses to
changing parameters, while identifying optimal adjustments for better avoiding
detection or ensuring greater compliance.
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