The Impact of Industry Structure and Penalty Policies on

Incentives for Compliance and Regulatory Enforcemeni,

Kelly Kristen Lear
Kelley School of Business, Indiana University

John W. Maxwell
Kelley School of Business, Indiana University

September, 1997

Abstract: Established penalty policies require consideration of a firm’s ability to pay
when sotting fines for environmental violations. Tlhis paper examines the optimal penalty
structure, taking into account financial constraints, Contrary to the existing literature
which advocates setting fines as high as possible, we identify conditions under which the
optimal fine is zero and regulating the industry is sub-optimal. We extend our analysis to
consider the impact of a change in industry structure on the optimal fine, compliance and
regulatory resource strategies. An increase in the number of firms in the industry rmay
free up regulatory resources either by increasing equilibrium compliance or by reducing a
firm’s ability to pay below the level necessary for socially heneficinl regulation. We show
that regulatory enforcement that achieves partial compliance is not necessarily better than

no regulation at all.
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1 Introduction

Recent spending for pollution abatement and contro (PAC} in the U.S. sugpests the costs
of compliance with environmental regulations are rising. In 1993, U.5. business expendi-
tures for PAC reached $60.3 billion (in constant 1987 dollars), up from $46.6 billion in
1987, During this period, business spending on pollution control grew faster than gross
domestic product-4.4 percent compared with 2.1 percent (Rutledge and Vogan 1995, 39).
The costs of pollution abatement and control provide firms with an incentjve ta violate
environmental regulations, making enforcement essemtial, However, regulatory authorities
face tight budget constraints on resources available for monitoring and enforcement. Port-
ney (1990, 10) reports that betwoen 1080 and 1989, the 1.8, Environmental Protection
Agency’s (EPA) operating budget fell by roughly 15 percent in real terms. More reeon'--
budget proposals threatened deep cuts in EPA programs, particularly in its spending on
enforcement (Cushman 1995, A35). In addition, deterrence is further restricted if fines
are limited to amounts firms can afford to pay. Given these constraints on available policy
instruments, authorities seek strategies to assist them in allocating scarce resources and

designing effective penalties.

This paper examines the effect of financial constraints and changes in industry struc-
ture, as defined by the number of firms in the industry, n, on enforcement and compliance
decisions. We determine the optimal penalty structure, taking into account its impact
on firm compliance and regulatory spending on monitoring and cnforcement. Modeling
the hierarchical structure of government enforcement, we show that when penaltics are
limited by a firm’s ability to pay, the optimal finc is either tlie maximum amount the firm
can afford to pay or zero. In the case where a zero fine is optimal, net social benefits
are maximized by not regulating the industry. Expanding on the existing literature, we
consider the impact of a change in industry structure on the optimal magnitude of the
fine, the equilibrium probability of compliance and the level of regulatory resources. We
identify two properties of the monitoring technology that influence the behavior of both
firms and the regulatory ageney in equilibrium: (1) the ease of monitoring and (2) the

marginal return to regulatory resources,

‘The economic literature on enforcement stems from a seminal paper by Becker (1968)



who proposed that the social loss from offenses could be minimized by the setting the fine
as high as possible, and lowering resources accordingly, to maintain the same expected
penalty. Polinsky and Shavell (1991) point out that the magnitude of the fine may be
limited by wealth constraints. They show that when wealth varies across potential of-
fenders, the optimal penalty is less than the wealth of the highest wealth individual since
raising the fine and lowering the probability of detection reduces the level of deterronce
for individuals who cannot afford to pay the fine. Other research relies on assumptions
of risk-aversion (Polinsky and Shavell 1979) and crroneous monitoring (Bose 1995) to

demonstrate that maximal fines are suboptimal.

| Relaxing assumptions of variations in wealth, risk-aversion, and erroneons monjtoting,
we show that the optimal fine may be non-maximal when consideration is given to the
firm’s ability to pay the fine. Environmental legislation such as the EPA’s civi] penalty
policy (EPA 1984) require that the size of the violator's buginess be considered when
determining fines. Cohen (1992, 1080) reports that courts often do not impose penalties

on firms that are bankrupt or have insufficient assets to pay the fine.

Taking into account the firm's financial constraints, we determine & range of fines
and corresponding firm sizes, measured by profits, for which the optimal fine is zero and
regulating the industry is not optimal. We define a “minimum effective fine for socially
beneficial regulation,” above which net social benefits are strictly increasing in the fine
and at least equal to the level achieved prior to regulation. Fines below the “minimum
effective fine” achieve low, or zero, levels of compliance and result in a level of net social

benefits that is less than the unregulated lavel.

We employ a hierarchical model of enforeement, common in the literature on tax eva-
sion, which distinguishes between a social planner {e.g., the government) and a regulator
(e.g., the EPA) who differ in their objectives and control variables.! This distinction
explicitly recognizes that although the regulator is under the control of the government,
it may have its own agenda. The government establishes policy, then delegates the re-
sponsibilities of monitoring and enforcement to the regulatory agency. In the context .

of environmental regulation in the United States, Congress passes statutes that specify

*Hierarchical models are commonly used in the study of regulatory enforcement. See
Cremer et al. (1990), Sanchez and Sobel (1993), and Bose (1995).
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penalty meximums and the EPA is responsibla for menitoring compliance and enforcing

regulations within these guidelines.”

Consistent with the existing literature (Cremer et al, 1990; Bose 1985), we assume
that the social planner maximizes net social benefits, while the regulator is minimizes the
costs of monitoring and enforcement, net of penalty revenucs. The assumed regulatory
objective of cost minimization is designed to capt he idea that.regulators . g
ever increasing budgetary pressures. Morcover, F. - .i the Environmental Law
Institute, Washington, D.C., states that existing rederal EPA oversight of states’ environ.
mental protection programs places “more emphasis on administrative actions and capacity

than on environmental quality” (Lepkowski 1995, 47).3

The three groups of players: a socia] planner, a regulator, and an industry of n firms,
interact in a three stage game. In stage one, the social planner sets the fine to maximize
the net social benefits of regulation, In stage two, the regulator determines the level
of monitoring and enforcement resources that minimizes the casts of compliance, net of
penalty revenues. * Simultaneously firms decide whether or not to comply with n costly
emissions standard, In the final stage firms play a Cournot game given their compliance

decision. Violators are fined F with probability p.

The model allows us to examine the impact of penalty policy on incentives facing the
regulator and the industry, as well as the stratesic intcraction between these two parties,
In addition to determining the optimal penalty structure, we extend the existing literature
by examining how a change in the number of firms in the industry affects incentives facing
firms and the regulatar.

- "For example, statutes such as the Clean Air Act (CAA), the Clean Water Act (CWA),
the Resource Conservation and Recovery Act (RCRA}, and the Safe Drinking Water Act
(SDWA) specify penalty maximums.

IWhile other regulatory objectives are possible, such as maximizing compliance or the
number of inspections, Cremer ct al. (1990, 69) acknowledge that the issue of which is
the most realistic remains a question for empirical research.

‘In Garvie and Keeler (1094, 142) the regulator has “apecific responsibility for mon-
itoring firm compliance and taking enforcement actions to levy penalties against uon-
compliant firms.” However, the regulator in their model does not set the penalty. Crerner
et al. (1990) and Malik (1992) also present models in which penalties are pre-determined
by a legislative body and the regulator is limited to determining the monitoring or audit
frequency. :




Recent studies present conflicting results regarding the impact of an increase in the
numnber of firms on compliance. Garvie and Keeler (1994) examine how regulatory choice
of monitoring and enforcement strategies affects incentives for compliance, We highlight
their results regarding the impact of an increase in the number of firms on these incentives.
Garvie and Keeler (1994, 150) show that when budgetary resources are limited, an increasa
in the number of firms lowers the optimal probability of menitering. This reduces the
expected penalty causing the level of compliance to decrease with an increase in the number
of regulated firms. This analysis focuses on compliance costs, which are indepsndent of
the number of firms in the industry, and does not consider how an increase in the number

of firms may affect firm profits and subsequently, the expected gain from non-compliance.

It is generally assumed that a crime is committed when the expected gain to the
offender exceeds the expected penalty:, Taking into account the impact of an increase inn
on the expected gain from non-compliance, Chua et al. (1992) find that the equilibrium
probability of compliance increnses with the number of firms in the industry. This finding
contradicts that of Garvie and Keeler (1994) and is somewhat counter-intuitive. The
result is driven by the assumption of a fixed expected penalty. Under this assumption, an
~ increase in the number of firms has no impact on the expected penalty. However, Chua et
al. (1992) employ a Cournot model in which the expected gain from non-compliance falle
as increaged competition reduces profits earned by each firm. An increase in n therefore
reduces the incentive to violate, while having no impact on the level of deterrence, and

compliance increases in equilibrium.

One aim of this paper is to bridge the gap between these contradictory results. We
allow both the probability of detection and the expected gain to fall with an incresse in the
number of firms in the industry. Consistent with existing models of regulatory enforcement
(Stigler 1970; Polinsky and Shavell 1991; Malik 1590), we assume that the probability of
being caught and fined, herein referred to as the probability of detection, p, is increasing
in the amount of resources allocated to monitoring and enforcement, ~. This relaxes the
assumption of a fixed expected penalty assumed by Chua et al. (1992, 242) Furthermore,
this paper is unique in that it endogenizes the effect of a change in the number of regulated
firms, n, on the probability of detection. We explicitly model the probability of detaction
as decreasing in the number of firms in the industry, n. The probability of detccpion



for any given firm is assumed to fall, ceteris paribus, with an increase in n as rosonrees
are spread across more firms, We denote the probability of detection as p(r,n) with
pn < 0 and pr > 0. Given pn < 0, an increase in the number of regulated firms reduces
both the expected gain from nen-compliance and the expected penalty. We show how
this dichatomy changes the incentives facing firms for non-compliance and subsequently

affects the equilibrium probability of compliance.

First, we characterize the degree of monitoring difficulty. Monitoring difficulty varies
across industries due to differences in the nature of the pollutants, the production processes,
the centralization of sources, and the monitoring technology. In some industries, monitor-
ing may be less resource intensive, involving drive-by surveillances of emissions opacity,
iuspection of pollution control equipment, ar reviews of self-reported emissions levels.
Russell, Harrington, and Vaughan (1986, 22) report that visual inspection arc the “sim-
plest, cheapest, and most common monitoring method,” The electric utilities industry,
for example, is relatively easy to monitor since large volumes of pollutants, such as sulfur
dioxide and particulates, are released through centralized stack emissions, In addition,
sources are required by the 1990 amendments to the Clean Air Act to install jn-stack
monitors for continuous emissions monitoring. EPA monitoring efforts invelve checking
reparted emissions levels or using a remote sensing system (LIDAR) which registers plume
cmissions. In such industries, monitoring is relatively less resource intensive so the same

amount of resources can be used rather easily to monitor an additional firm.

Other industries pose more of an enforcement challenge. Toxic pollutants are consid-
erably more difficult to monitor than conventional pollutants due to the chemical testing
which is required and the decentralization of sources (Viscusi, Vernon, and Harrington
1995, 740). Such industries include dry cleaners, gas stations, and bakeries. Emissions
in these industries are decentralized and may oceur during transportation, storage, or
disposal. In addition, the nature of the production processes present opportunities for
fugitive emissions which could occur at ssveral different stages of the process, Monitoring
Is more resource intensive, making it difficult to monitor additional firms with the same

amount of rosources.

We define the degree of monitoring difficulty in terms of the propertics of the moni-
toring technoelogy. Monitoring is considered *difficult” when the probability of delection



is rapidly declining in n so that the expected penalty falls faster than the expected gain
from nen-compliance. Monitoring is defined as “easy” when the probability of detection is
slowly declining in n so that the expected penalty falls at a slower rate than the expected
gain from non-compliance, Ceteris paribus, an increase in n reduces the probability of
compliance when monitoring is difficult, but increases the probability of compliance when
monitoring is easy. However, the impact of an increase in n on the equilibrium probability

of compliance depends on the change in expected marginal penalty revenue,

The cxpected margina! penalty revenue is the marginal return to spending on moni-
toring‘and enforcement. An increase in n directly raises marginal penalty revenue which
increases the optimal level of regulatory resources, However, an increase in 7 indirgctly
reduces marginal penalty revenue by lowering the probability of detection. This reduces
the optimal level of resources. We show that the effect of an increase in # on resources and
compliance in equilibrium is determined by theﬁdiructiun and magnitude of the change in

marginal penalty revenue, as well as on the ease of monitoring.

Our results have implications for optimal penalty policies and provide valuabla insights
into firm and regulatory behavior. We show that net social benefits are pot strictly
increaging in the finc. As a result, the optimal fine is either the maximum amount the
firm can afford to pay or zero. When the maximum effective fine for socially heneficial
regulation exceeds the maxirmum fine the violator can afford to pay, a zero fine is optimal.
By setting the fine cqual to zero the social planner precludes inoffectiva regulatory spending
on enforcement. In this case, penalty policies that restrict fines to affordable levels elicit
costly regulatory spending on enforcement and private spending on compliance which

exceed the benefit (if any) of reduced environmenta! damage.

We find that changes in industry structure have policy implications for the optimnal
penalty. An increase in the number of firms lowers each individual firm's ability to pay.
However, this increase may simultaneously raise the minimum cffective fine for socially
beneficial regulation. As the two diverge, it will be no lenger optimal to regulate the
industry. Finally, we examine the im pact of a change in industry structure on the equilib-
rium probability of compliance and level of regulatory resources is discussed with rcspect

to the properties of the monitoring technology.



The remainder of this paper is organized as follows. In Section 2 vlve develop the three-
stage game. In Section 3 we determine the optimal penalty structurc. The effects of a
change in the number of regulated firms on the equilibrium probability of compliance, the
optimal resource allocation, and the optimal fine are examined in Section 4. We provide

some concluding remarks in the final section,

2 The Model

We model the hierarchical structure of government enforcement to examine the interaction
between firms and a regulatory agency, There are three groups of players: a social planner,
o regulatar, and an industry of n firms. The regulated industry is a Cournot oligopoly
where firms produce a homogeneous good and incur a constant marginal cost of production
¢o. Industry demand is P(Q) = o — bQ where Q = Y4 s total industry output and
¢' is output of firm £ for i = 1,...,n. Pollution is a by-product of the production process
and subject to a binding emissions standard, The standard is exogenously determined
In a separate policy process which weighs the costs of environmental damage against the

benefits of production,

As with the technology based standards of the Clean Water Act, firms must adopt
a “cleaner” production process to comply with the standard.’ Each frm i chooses its
profit maximizing compliance probability a; € [0,1], taking into account the expectad
strategies of the other firms, the regulator's resouree allocation docision and the optimal
fine. ® Abatement increases the marginal cost of production from ¢y to o). We focus
on continuing compliance and therefore treat the fixed costs of pallution control as sunk
costs. The higher marginal cost of production under compliance provides firms with an
incentive to violate. Violators are fined F with detection probability p(r, n).

As outlined in the Introduction, the probability detection is a function of both the level

*The Clean Water Act imposes efluent limitations which require application of the best
available technology (BAT) to priarity pollutants listed in the National Resource Defense
Council (NRDC) cansent decree of 1976 and on additional toxic pollutauts. “Convention-
al” pollutants (which include biological oxygen demand (BOD), suspended solids (S8},
fecaf) coliform bacteria, acidity and alkalinity (pH), and grease and oil] are subject to the
bestconventional technology (BCT) effiuent hmitations (Arbuckle 1993, 172).

This allows for the possibility of a mixed strategy which occurs if the lirm is indifferent
between complying ancf not complying, i.e., the expected gain from non-compliance equals
the expected penalty.



of resources allocated by the regulator to monitoring and enforcement and the number of
firms in the industry: p(r,n) € (0,1) for r > 0 and p(0,n) = 0.7 Ceteris paribus, p(r,n) is
increasing in the level of monitoring resources, p. > 0, with decreasing returns to spending
on monitoring and enforcement, pr. < 0 (Malik 1990, 343). Conversely, an increase in the
number of firms lowers the probabiiiny of detection for a fixed level of resources such that
Pr < 0 and ppn > 0 to satisfy the non-negativity constraint on the probability function.
We assume monitaring is ervor free; the probability of mistakenly fining a complying firm

is zero.

We adopt a hicrarchical enforcement structure where the regulatory agency is respon-
sible for monitoring compliance and enforcing regulations that are predetermined by a
social planner. As discussed earlier, the regulator and the social planner have different
objectives. The social planner sets the fine to maximize the net social benefts of regu-
lation. The regulator minimizes the costs of monitoring and enforcement, net of penalty
revenues. The regulator’s resource allocation, 7, is its best response to the compliance

strategy chosen by firms, «.

A summary of the order of play follows. In stage one, the social planner sets the
fine for violations of the emission standard to maximize the net social benefits of regula-
tion. In stage two, the cost minimizing regulator allocates resources to monitoring and
enforcement. Symmetric firms simultaneously decide whether or not to comply with the
binding emission standard.® In stage three, firms act 2s Cournot oligopolists and produce
the profit maximizing level of output given their compliance decision. The regulator fines
violators £ with probability p. The game is solved below through backward induction to
determine the sub-game perfoct Nash Equilibria.

"We exclude p(r, n) = 1. For any n, there may exist a level of resources r* (n, F) which
ensures that cach firm in the industry will be monitored with probability one; however,
it is unrealistic that such an endowment of tegulatory resources will be appropriated
given fiscal budget constraints. Garvie and Keeler (1094, 143) cite a number of authors
who have addressed the severity of resource constraints facing environmental regulators
(Melnick (1083), DiMento (1986), Hawking (1984), Yeager (1991)).

*Bose (1995, 476) points out that simultaneous moves by the regulator and firms avoids
the assumption of a eredible cornmitment by the regulator to monitoring the industry and
enforcing the regulation,



2.1 Stage 3: Output Market Equilibrium

Cournot oligopolists simultaneously choose the level of output, ¢b, that maximizes ox-
pected profits, Fme where £ = 1 if firm 7 chooses to comply with the emissions standard
and incur the higher marginal costs ¢y, or & = 0 if firm 3 chooses 1o violate the standard
and incur the lower marginel costs o.° Industry demand is P(Q) = a — b with b = 0

and a > ¢ > ¢y, A representative firm'’s output decision is

max Emi = gila = b(qh + Eq~)] = el for k = 0,1 (1)
Tk

where Eq™* represents the expected output of all other firms in the industry.

Firm ¢'s reaction function in terms of the expected output level of all other firms is
P P

T = (a — cx — bEg™) /2. (2)

Let g}, represent the Nash equilibrium level of oiitput for firm . The assumption of
symmetry implies that ¢ = gy for all 7. Expected output for all other firms in the industry
is

Eq™ = a7(n = 1) + (1~ a™)(n - )G (3)

where ™" represents the compliance strategy chosen by all other firms and ™ € [0, 1.

Solving Equations (2} and (3) simultancously gives
Eq " =lo" (n—1)(cy = &)+ (n = 1)(a - to)|f0(n + 1). (4)
Substituting Equation (4) into (2) yields the symmetric Cournot-Nash r:quilibrimh levels
of output under non-compliance (k = 0) and compliance (k = 1), respectively
do = [2{a = ¢o) +a™(n — 1)(¢} — ¢,)]/(n + 1)2b (5)
G =[2(a— 1) = (1= a~")(n = 1)(e) — eo)}/(n + L)20. (6)

These Nash equilibrium levels of output generate expected profits under non-com pliance

and compliance,

?As stated earlier, the fixed costs of pollution abatement are sunk and therefore do not
influence the continuing compliance decision.



Eo(a™ n) = [2(a = co) + a=i(n — 1)(; — cq))?

db(n 4 1)? (7)
. a — . o -i . 1— 0 4
E?h(ﬂ-‘wn) - [2( Cl) (Iqb(z +)£;"2 1)('3 0)] ' (H)

Let Eb(a™i,n) = E#g(a~t n) - Ed1(a~, n) represent the expected gain from non-

compliance which provides firms with an incentive to violate the regulation.

2.2 Stage 2: The Compliance and Regulatory Resource Allocation De-
cisions

Firm compliance and regulatory allocation of resources to monitoring and enforcement

are determined simultaneously. A risk-neutral, representative firm chooses its compliance

strategy, a;, to maximize expected profits.

max o By (e, ) + fl - a{)[ﬂ‘ﬁg(a‘i, n) = p(r,n)FJ. (9}

The firm's first order condition yields

p(r,n)F = Efg(a™",n) - Eti(a™" n) (10)

ar
p(r,n)F = E§(a~" n). | (11)

Note, firm #'s strategy drops out of Equation (11), as is common in mixed strategy deriva-
tions. For all other firms, j # i, the best compliance response to the regulator’s resource

allocation, r, is
itr < ro(n, F),

a;(rin, F) = nwﬂf‘) ':L_’*m [p(r,n)F - E§(D, n)] ifre(n, F)<r< ri(n, F),
ifr = Tl(ﬂ,F),
where i satisfies p(rg,n) = E§(k,n)/F for k = 0, 1,

In a symmetric equilibrium o = a; for all £ and 5. Let a(r;n, F) denote sach firm's
best compliance response for a given n and F, For r < ro, the expected gain, ES(0, n), ex-
ceeds the expected penalsy, p(r, n)F, which provides firms with an incentive to violate the

10



regulation, For cach r € [rg, ], firms comply with a unique mixing probability a(r;n, F)
s defincd above. For 7 > r, the expected penalty deters violations and universal com-

pliance is achieved.

Given pu(mn) > 0, rg < ry end the equilibrium probability of compliance ig strictly
increasing over (rg,71) as shown in figure 1. Ceteris paribus, an increase in the level of
‘regulatory resources raises the expected penalty making non-compliance less profitable,
As one would expect, changes in either the fine or the number of firms in the industry
shift the reaction function. This is discussed in more detail in Section 3.

The regulator’s objective is to choose the level of resources that minimizes the costs

of compliance net of penalty revenuas,
minCg =7 = (1 — ajnp(r,n)F. (12)

As mentioned in the Introduction, the regulator’s concern with tight budget constraints
manifests itself in a cost minimization objective. The regulator recognizes penalty revenues
not only because of there cost-reducing effect if returned to the agency, but also because
they serve, in part, as an indicator of the agency’s activity and pravide justification for

its existence.l?

Minimizing costs with respect to r yields the regulator’s first order condition

(1 —a)npe(r,n)F = 1, (13)

which requires that resources be set at the level that equates marginal penalty revenue
with the marginal cost of an additional dollar spent on enforcement. The regnlator’s
reaction function, r{a;n, F'), satisfies this condition. Ceteris paribus, an increase in the
probability of compliance reduces the expected marginal penalty revenus, The lower return

to resources induces the regulator to decrease r such that gg < Q,

‘The first order condition implies the standard condition necessary to obtain an interior
solution for r: & € {0,1). Full compliance is not a sustainable equilibrium since at @ = I,

*QOne might argue that the regulator is also concerned with the cost of industry corn-
pliance or with environmental damage In this case the regulator’s cbjective function is
Cr = na(erqr —~ cogo) + D(a,n) +r — (1 - a)rp(r,n)F. Including these terms, however,
has no impact on the regulator’s first order condition or any of the results that follow.
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r(lin, F) = 0 but @(0;n, F) = 0. The Nash equilibrium strategies in Stage 2 are given by
the intersection af the reaction functions in figure 1. We denote the equilibrium strategies

as &(n, F) and #{n, F).
2.3 Stage 1: The Social Planner’s Problem

The social planner is concerned with maximizing the net social benefits of regulation, This
includes welfare, W{&(n, '), n) less the social cost of environmental damage, D{(&(n, F'),n)
and the regulatory cost of cnforcement. We assume that environmental damage from
pollution, L2, is strictly increasing in the number of irms in the industry, D, > 0, and

strictly decreasing in the probability of irm compliance, D, < 0. The social planner’s

decision problem is!!

max NB(n, F) = W(&(n, F),n} = D(&(n, F),n) ~ #(n, F) (14)
where welfare is the sum of constimer and producer surplus,
Qr ) i
Wiatn F)n) = [ (0= 4Q)dQ - [a(n, Fineiqs + (1 - a(n, F))ncoas

= [anq + (1 - &)ngy)[e — %(&nql + (1 — &)ngqy))
—bme gy — (1 - &)negge. (15)

Maximizing Equation (14) with respect to F gives the first order condition

ONB oW 8D\ Ba A
F'(E“E&’)ﬁ"&'ﬁ‘o (16)
where oW
35 = ™Ma1 = e — bléngy + (1 ~ &)ng)] — [erqn — cage)]- (17)

Given gy < dp, welfare is decreasing in compliance, 4% < 0. Higher costs under compliance
restrict output to the socially optimal level. This reduces both consumer and producer
surplus, having a negative effect on net social benefits.

""Note that the social planner recognizes penalty revenues as a simple transfer from
non-compliant firms to the regulator. Thus penalty revenues do not influence its objactive
function.

12



However, an increase in compliance simultancously reduces ecnvironmental datmage,
%g < (, which has a positive impact on net social benefits. If the reduction in welfare
exceeds the reduction in environmental damage, o ‘—?,g < 0, additional compliance fails
to increase net social benefits. In this case, additional compliance is not desired. While this
is possible, it seems reasonable that compliance is desired, sv that an increase in compliance
does not reduce net social benefits, but rather raises net social benefits: %% - %g =0,
We focus on the latter case in the analysis that follows. The impact of an increase in F on
net social benefits therefore depends on the response of # and & in equilibrium. The social
planner’s first order condition implies that the optimal penalty cquates the marginal net
social benefit of compliance with the marginal cost of enforcement. We now determine

the optimal penalty structure.

3 The Optimal Fine

We examine the effect of an increase in the fine on the prabability of firm compliance
and on the regulator’s reaction Function for an industry of n firms. An increase in the
fine raises the expected penalty, p(r,n)F. This increnses compliance, g-;l > 0, and shifts
a(r;n, F) down as illustrated in figure 2.!? In addition, an increase in F raises marginal
penalty revenue, (1 - a)ap.(r,n)F. The regulator’s best response is $0 increase +, g}.‘; >0,

s0 the regulator’s reaction function rotates up [sen figure 2).13

It is obvious from figure 2 that an increase in F raises the equilibrium probability
of compliance, 5’% > 0 along a{rin. F) € (0,1). However, for some range of F along
a(rn, F) =0, g% = 0. Totally differentiating the first order conditions in Equations (11)
and (13) and using Crarnar’s rule, we detarmine the equilibritnn response of resources to
an increase in the fine. The numerator in Equation (18} below reveals that the effect of

an increage in F on £ is ambiguous,

E _ (1 —a)n — nF(g—f.i)]
aF nF[p,n(%E) — (1 = &)pye]

"It can be shown that the size of cthe shift increases with » via p(r,n). Raising the fine is
therefore more effective at increasing compliance whon regulatory spending on monitoring
and enforcement is high.

¥The regulator’s reaction function rotates up from o = 1 where it i3 undefined. The
higher the rate of diminishing returns (the higher Pre), the smaller the magnitude of the
rotation,

(13)
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Using terminology coined by Garvie and Keeler (1994, 148), we identify the dichotomous
effect of a change in the fine on expected marginal penalty revenue. First, a higher fine
directly raises expected marginal penalty revenue by p.(1 — i)n, producing a “penalty
enhancing effect.” This increases the equilibrium level of resources along a(ryn, F) = ()
since the fine, and corresponding level of resources, are still too low to induce compliance
such that g% = (. However, if firms respond to the higher fine by incressing compliance,
%ﬁ > 0, marginal penalty revenue falls by nfp,( g—}‘.). This “pollution mitigating effect”
reduces the equilibrium level of resources. In this case, the sign of ;%'"} is determined by
the dominant effect. In the analysis that follows, we focus on the case where raising the
fine along & € (0,1} induces compliance, so that g% > 0 and it is optimal for the regulator
to reduce resources in aquijlibrium, g,’; < 0.

Define Jo(n) as the minimum fine for partial compliance in an industty of n firms. At
Fp, the cost minimizing level of resources for an industry of n firms is ro(n, /) = r(in, Fp)

which satisfies

_ Eé0,n)
Fy= ooty (19)

For F € [0, Fp), the penalty and the corresponding equilibrium level of resources, 7 ¢
[0, 70), result in an expected penalty that is too low to elicit compliance and &{rin, F) = (.
Raising the fine within this range therefore fails to increass compliance such that % =
0. However, within [0, [3), an increase in F raises marginal penalty revenue, ta which
regulator's best response is to increase resources, &&I?' This is represented by movenent,
along the vertical segment of a(r;n, F) = 0 in figure 1. Regulatory spending increases
with no benefits of increased compliance. Equation (16) indicates that net social benefits

are strictly decreasing in £ within this range, as depicted in figure 3.

For F > Fy, the fine and the regulator’s corresponding resource allocation produce
an expected penalty that succeeds at eliciting partial compliance. Within this range, an
increase in the fine raises the equilibrium level of compliance, g% > 0. This is represented
by movement along the upward sloping portion of the firm complianécz reaction function,
a(rin,F) € (0,1) in figure 1. The equilibrium level of resources falls, provided compliance
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is sufficiently responsive to an incresse in the fine such that npeF (gﬁ“;) > pr(l - &)n.
Equation (16) reveals that with g{‘« > 0 and g}f. < 0, net social benefits arc strictly

increasing in F' > Fyy as shown in figure 3,

Our findings contradict Becker's (1968) classic theory that net social benefits are
strictly increasing in the magnitude of the penalty. Wa find that there exists a range
of fines, F € (0, £p), for which net social benefits are &ctunily decreasing in F. Higher
penalty revenues provide an incentive for ineffective spending on monitoring and enforce-
ment. An increase in F' within this range results in costly regulatory spending with no

success at achieving compliance. More importantly, we show that thers is s tange of
fines above Fy for which net social bencfits are increasing in F, but regulation is still not

optimal,

Define F,(n) as the minimum effective fine for socially beneficial regulation in an

industry of n firms, F, satisfies the following condition

NB(n,0) = NB(n,F.) (20)

where
a(r;n,0) = 0 and r(a; n,0) = 0. (21)
For F' € (Fo, F.], an increase in the fine raises net benefits; however, net benefits are
still below the leve] achieved without regulation, at £ = 0 and N B(n,0), Within this
range, the public and private costs of achieving partial compliance outweigh the benefi of
reduced environmental damage causing net social benefits to fall. For F > Fe, an increase
in F i3 effective at raising net social benefits abave the leve] achieved without regulation.

This is obvious in figure 3.

It would appear that Becker’s (1968, 183) recommendation of setiing the fine as high
as possible and lowering resources accordingly still maximizes net social benefits, provided
the offender can afford the fine, However, it is generally accepted in the literature that
the magnitude of the fine is constrained by the offender’s ability to pay. In this one period -
game, the maximum penalty firms can afford to pay is their profits from non-compliance,
defined as

F(n} = mo(&(n, F), n). (22)



The social planner’s choice of F" in equilibrium is therefore constrained by F(n). Taking
financial constraints into consideration, we show that it is not always optimal to set the

fine as high as possible as Becker (1968, 183) proposed.

Proposition 1 For an industry of n firms, the optimal fine is
- | F(n) if Fun) = F(n),
Fln) = { 0 if Fy(n) > F(n),

For F'(n) = F(n), net social benefits are maximized by allocating the cost minimizing
level of resources #(n, ') > 0 to monitoring and enforcement, Compliance is maximized
at &(n, F) € (0,1). Full compliance in not achievable. For ﬁ‘(n) = 0, net social benefits
are maximized at NB(n,0) > NB(n, F(n)). Regulating the industry is not optimal,
#(n,0) = 0.

Proof. When the minimum effective fine is feasible, Fo(n) < F(n), the sacial
planner sets the equilibrium fine equal to a firm's wealth, £ = F, the regulator de-
votes #{n,F) > 0 to monitoring and enforcement and firms comply with probability
&(n,F) € (0,1). Net benefits are maximized as shown in figure 3 at NB(n,F) =
W(a(n, F)) — D{é(n, F)) = #(n, F).'* However, when firms cannot afford to pay the
minimum effective fine, Fe(n) > F(n), setting the fine equal to a firm's wealth results
in regulatory spending on enforcement, #(n, F) > 0, with little or no benefit from com-
pliance. The ndditional costs of menitoring and enforcement, ﬁu, and reduced welfare
(if some compliance is achieved), %%ﬁ(g%), outweigh the benefit of reduced environmental
damage, %g( g—ﬁ) As a result, net social benefits are lower with regulation than with-
out regulation, NB(n, F) < NB(n,0). The social planner therefore maximizes net socia]
benefits by setting ' = 0 and the regulator devotes no resources to monitoring and en-

forcoment. Q.E.D.

4 Industry Structure

In this section we consider how an exogenous change in the number of firms in the industry

4Pines greater than £ are infeasible by assumption; however, net benefits are continue
to increase for feasible fines greater than F..
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affects firm compliance, as well as the regulator’s resouree allocation decision for an estab-
lished penalty. We show that the effect of an increase in n an a firm'’s reaction function
depends on the properties of the monitoring technology. An increase in the number of
regulated firms reduces the probahility of detection for any given firm which lowers the
expected penalty, ppF” < 0. However, increased competition simultaneously reduces the
expected gain from non-compliance, %%’—5» <. 0. The overall impact on the probability of
firm compliance depends on which falls faster as the comparative statics indicate below,

B 2b(n+1) . OF$
o= =)= ( nf = T) ' @)
where A
9ES _ (c1 — co)a — co ~ a'(e1 — cp)]

an - B+ 1)2 <0 (24)

Equation (23) reveals that §2 > 0 when the probability of detection is slowly declining
in n such that |-‘%f+‘§| > |pa 7|, We define monitoring in an industry with these character-
istics as easy. Ceteris paribus, compliance increases with the number of regulated firms
and a(r;n, F) shifts down, as it does when the fine increases, as illustrated in figure 4(a).
Conversely, gﬁ < 0 when the probability of detection is rapidly declining in n such that
I%-Efrzl < |paF|. Monitoring in thix type of industry is defined as difficult. Ceteris paribus,
compliance decreases and afr;n, F) shifts up as shown in figure 4(b). Under these cir-
cumstances, compliance decreases unless additional resourees are allocated to monitoring

and enforcement. 9

A change in industry size, in terms of an increase n, affucts the regulator's resource

allocation decision through its impact on marginal penalty revenue as shown below,

o _ (1 —a)F(pr + npen) £
on (1 - a)Fnp,., ' (25)

Ceteris paribus, an increase in the number of regulated firms directly raises marginal

penalty revenue by (1 —«a)Fp,, which increases the cost minimizing level of r, We call this

*Note, prn < ( implies that the shift in a(r;n, F) is smaller at lower levels of regulatory
resources, ‘
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the “penalty enhancing-industry size effect.” Conversely, an increase in n lowers marginal
penalty revenue through its impact on the probability of detection, (1 — a)Fnp,.y,, where
Prn < 0. This is termed the “detection mitigating-industry siza effect.” Lowcr marginal
penalty revenue reduces the cost minimizing level of r. The overall impact of an increase

in n on the regulator’s reaction function depends on which cffect dominates,

When the penalty enhancing-industry size effect dominates, p, > nprn| , marginal
revenue increases and the regulator’s reaction function shifts up, g{; > 0. However, when
the detection mitigating-industry size effect dominates, p. < nlpp|, marginal revenue
decrenses and the regulator's reaction function shifts down, gﬁ < 0.

We now consider the equilibrium effects of an increase in the number of firms in the
industry on the regulator’s resource allocation and firm compliance for a given penalty,
Totally differentiating the first order conditions in Equations (11) and (13) and applying

Cramer’s rule gives

8d _ (1 = &)F(F)(pr + nprn) — (32)nprr]

an nF((52)pr ~ (1 - a)prr] ' .
ﬁ _ (1 _ l’i‘-’)(pr - npm)F - npr(%%)F. (2?)
B nFlpe(22) = (1= &)per]

Equations (26) and (27) indicate that equilibrium responses ultimately depend on the

change in marginal penalty revenue, p, + nprq, and the ease of monitoring, gﬁ.

For a given penalty, the equilibrium change in net social benefits with respect to n is

(28)

=

ONB(n, F) _ (t’iW _QE) [(% _ ?2) E __?1]
dn on &n da¢ Ga/on  Bn)’
The first term on the right hand side of Equation (28) represents the direct effect of an
increase in n on net social benefits. This may be positive or negative since an increase
in n raises welfare at the expense of greater environmental damage, If the direct effect is
positive, the production benefits to consumers and producers offset the costs of greater
environmental damage. Ceterts paribus, the net benefit function would shifis up, as il-

lustrated in figure 5. Conversely, a negative direct effect shifts the net benefit function
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down in a similar fashion. ® However, the second term on the right hand side indicates
that an increase in n also impacts net, benefits through the strategic behavior of firms and
the regulator.!? Since the aim of this paper is to study the strategic interaction between
firms and the regulatory agency, we assume that the direct effect is srnall and focus on

the strategic effect in the analysis that follows.

4.1 A Small Change in Marginal Penalty Revenue

Consider the case where a change in n produces in a small change in marginal penalty

revenue such that the signs of g% and g% are determined by ease of monitoring, gﬁ The

equilibrium responses are presentsd in table 1 for shifts alang a(r;n, F) € (0,1) |

Monitoring
Difficult | Easy
MRT| &l,7] |[al, 7]
MR || &[,#1 |&T.71
NDB NB | NET

Table 1: The Equilibrium Effcct of an Increase in the Number of Firms for a Small
Change in Marginal Revenue (MR)

Proposition 2 When the impact of an increase in the number of firms in an industry
on marginal penalty revenue is small and monitoring is difficult (|Qg%3[ < |pnF]), the
equilibrium probability of compli'unce is strictly decreasing in n and the equilibrium level
of resources is strictly increasing in n. As a result, the net social benefit of regulation falls
with an increase in n. Easy monitoring (l%—fgl > |pn F|) leads to correspondingly opposite

results.

Proof. This proof is for difficult monitoring, the proof for easy monitoring is almost
identical. When monitoting is difficult gﬁ- < 0. Given pr, < 0, Equation (26) implies that
%% < 0. Convergely, p. > 0 gives g% > 0 from Equation (27). An increases in n reduces
the equilibrium ptobability of compliance, while raising the equilibrium level of regulatory
resources. Equation (28) reveals that when the direct effect is small, net social benefits
are strictly decreasing in n for g% < 0 and gﬁ- > 0. QE.D.

‘*Note, we assume for simplicity that Z2ME = 0. The sign is, in fact, ambiguous.
'"Recall, the coefficient on gﬁ is assimed to be positive as discussed in Section 2.
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The equilibriurn impact of an increase in n on net benefits is illustrated in fignure §
for a small direct effect. In industrics where monitoring is difficult, net social benefitg
decrease with an increase in n, as more resources are allocated to monitoring an industry
where compliance has fallen. Assuming the strategic effect outweighs the direct effous,
NB(n,F) shifts down. Conversely, equilibrium net benefits are increasing in n under
£asy monitoring since an increase in n reduces the incentive {or non-compliance and fewer
resources are required for monitoring and enforcemens. The positive strategic effect shifts
NB(n, F) up.'?

It is important to note the tmpact of a change in industry structure on the optimal
penalty. First, we examine the effect of an increase in n on the minimum fine for partial
comnpliance. Totally differentiating Equation (19) and rewriting in terms of Fy we find

OFy _ p-Fo |(B2 —pF0) _ Br

on  pr,n) Fop, (a (29)

The first term in brackets represents the shift in c(r;n, F')} with respect to n measured in
terms of r, while the second torm is the shift in r{c; n, 7). When the shift in r{o;n, F) is
smaller than the shift in a(r;n, F), as is the case when the change in marginal revenue is
small, 32 and ry are determined by the ease of monitoring. Under difficult monitoring, a
higher fine jg required to induce partial compliance, %’;:ﬂ > 0, and figure 4 indicates that
rp increases, as well. The reverse is true when monitoring is easy, 2 « 0.19

Next, we consider how an increase in n affects a firm’s ability to pay. Totally differ-
entiating Equation (22) and arranging terms, we determine the equilibrium impact of an

increase in n on F |

‘“Note, equilibrium net benefits always decrease (immm{" under difficult (easy) mon-
itoring if the direct effect is negative (positive). However, there are two exceptions that
arise when the direct effect is large. First, under difficult monitoring, a large, positive
direct effect may offset the indirect effect causing net benefits to increase. Second, under
easy monitoring, a large, negative direct effect may offset the positive strategic effect caus-
ing net benefits to fall. A large diroct effect requires marginal net benefits from production
by one additional firm to exceed the marginal change in firm compliance and regulatory
spending.

“Equation (29) indieates that for difficult monitoring scenarios, the increase in F) is
larger when marginal penalty revenue decreases, gﬁ < 0, than when marginal penalty

revenue increases, g& >, Again, the reverse is true when monitaring is easy.
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oF d.E':vrn(a 7) + (315711'0(& n)) dé (30)

O on Bé an’
The direct impact of an increase in n is to reduce F since an increase in n reduces each
firm’s share of industry profits, M < 0. However, an increase in = also affects & in-
directly through its impact on the equilibriuin probability of compliance, as implied by the
sccond term on the tight hand side of Equation (30). An increase in compliance restricts
sutput, which raises the equilibrium price and the expected profit from non-compliance,
E‘g:(iéﬂl > (. When monitoring is easy, (gﬁ > 0), the equilibrium probability of compli-
ance increases with n. As a result, the indirect effect is positive and the overall change in
F' is ambiguous. However, when monitoring is difficult, ( < 0) the equilibrium prob-
ability of compliance decrcases with an increase in n. In this case, the indirect effect is
negative and £ falls, so (%—E» < U). This suggests that when monitoring is difficult, the
minimum fine for partial compliance and the maximum affordable fine diverge, %’—T‘;ﬂ = 0
while %E < 0. In addition, figure 5 reveals that the minimum effective fine also increases
under difficult monitoring. Thus, an increase in n makes it more likely that regulating
the industry is not optimal and the optimal fine is zero. Note, the minimum effective fine

falls in industries where monitoring is easy.

4.2 A Large Change in Marginal Penalty Revenue

If a change in n produces a large change in marginal penalty revenue relative to the impact
on firm compliance, the equilibrium effects arc determined by the change in marginal
penalty revenue, (npy, + pr). Our results for this case are shown in table 2. Since
each of these equilibria produce benefits of increased complianca or reduced regulatory
spending at a cost (increased regulatory spending or reduced complianee, respectively),
the equilibrium impact of an in~rease in n on net social benefits js ambiguous, We do nat
discuss these results in detail, however nate that the sign of 82 depends on how much the
social planner values compliance over regulatory saving. Equation (28) above indicates
that increased compliance is valued more if the marginal social benefit of compliance.
(aw g; ":a““* outweighs the marginal regulatory cost, g{, and the direct effect of a

change in net marginal welfare.



Monitoring Social Priority

Difficult | Easy | Compliance | Reg. Spending |
MR § al,Fl |[&1. 77 NEB1 NEB |
MR | &L7T |&f, 71 NB NB1

Figure 2: The Equilibrium Effect ol .in Increase in the Number of Firms for a Large
Change in Marginal Revenue (MR)

5 Conclusions

When penalty policies are restricted by a firm's ability to pay, setting fines at the maxi-
mumn affordable level may actually reduce net social benefits below the level achieved prior
to regulation. Penalty revenues from non-zero fines provida the regulator with an incentive
to devote resources to monitoring and enforcement, ¢ven when the resulting level of de-
terrence is ineffective at achieving a socially beneficial level of compliance. This perverse
regulatory incentive for ineffective enforcement-is driven, in our model, Ly the concern
with cost-minimization. This obje:_:tive seems timely given the tight fiscal constraints fac-
ing regulatory agencies today. At zero or low levels of compliance, the higher public and
private costs of regulation offset any benefit from reduced environmental damags. As a
result, net social benefits decline. In this case, we find that in the optimal fine is zero and

regulating the industry is not socially optimal.

In addition, this study extends the existing literature by examining the impact of
a change in industry structure on optimal penalty policy, as well as on the interaction
between compliance and regulatory strategies, The equilibrinm probability of compliance
may increase or decrease with an increase in the number of firms in the industry. An
increase in the number of firms frees up regulatory resources by increasing the equilibrium
probability of compliance in industries where monitoring is easy, provided the changa in
marginal penalty revenus is small, In addition, an increase in the number of firms may
free up resources in industries where monitoring is difficult by reducing a firm’s ability to
pay and making it no longer optimal to regulate the industry.
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Figure 1: Firm and Regulatory
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Figure 2: The Impact of an Increase in the
Fine on the Reaction Functions
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Figure 3: Net Social Benefits
of Regulation
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Figure 5: The Equilibrium Impact of a Change
in Industry Structure on Net Social Benefits
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