Economica (2004) 71, 391–416

Fines, Appeals and Liability in Public Enforcement
with Stochastic Damage and Asymmetric
Information
By ROBERT INNES
University of Arizona
Final version received 23 January 2004.
This paper studies an enforcement game between a regulator and ﬁrms that can cause harmful
accidents. The distribution of potential accident damage is private information to the ﬁrms,
and realized damage can be observed only at the cost of going to court. Under conditions
described in the paper, an optimal policy involves the separate assessment of regulatory/
settlement ﬁnes and court liability. In this optimum, injurers self-select by appealing (or not)
to the court process; liability takes a ‘threshold’ form, assessing maximal liability when
damages are high and zero liability otherwise; and, vis-à-vis a ﬁrst-best, some ﬁrms are overdeterredFand others under-deterredFfrom having accidents.

INTRODUCTION
When public resources are damaged in an industrial accident, chemical release,
oil spill or other pollution event, the government can impose ﬁnes on the
injuring ﬁrm; in addition, both the government and the injuring ﬁrm can turn
to the courts for assessment of liability. Enforcement mechanisms are
important because they provide incentives for ﬁrms, ex ante, to undertake
precautionary/care measures that reduce the likelihood of an accident.
However, given their costs, why use the courts to impose sanctions, rather
than simple regulatory ﬁnes? When and for whom should the court process be
employed? And, given enforcement costs, how should penalties be structured?
Motivated by observed realities in regulatory law enforcement, we study
these questions in a model with (1) stochastic damages from a ﬁrm’s accident,
(2) heterogeneous ﬁrms, some of whom have more harmful accidents than
others, and (3) a costly court process that can determine the realized level of
damage from an accident and assign liability. In this setting, we ﬁnd when and
how regulatory ﬁnes and appeals to the courts can be optimally used to sort
injurers. Economic costs of this sorting mechanism are shown to be minimized
by court-imposed penalties that take a ‘threshold’ form, maximizing a ﬁrm’s
payment obligations when realized damages are above a given threshold, and
otherwise assigning zero liability.
While related to extensive literatures on tort liability, the legal process and
law enforcement, this paper’s analysis of public enforcement is distinct in a
number of respects.1 Recent papers consider the optimal design of liability in
view of general stochastic damages (Lewis and Sappington 1999, 2001; Innes
1999a), ﬁnding that a threshold rule can optimally mitigate the problem of a
‘disappearing defendant’ whose assets are often exceeded by accident damage.
Here, in contrast, this payment structure is motivated by costs of law
enforcement. Indeed, in this paper injurer assets may exceed maximum possible
harm from a ﬁrm’s activities; hence injurers can be confronted with strict
r The London School of Economics and Political Science 2004

392

ECONOMICA

[AUGUST

liability for harm caused, clearly vitiating any limited liability motive for
threshold penalties. Costs of law enforcement, on the other hand, might be
thought to motivate a Becker (1968) rule under which liability is uniformly
maximal in order to minimize the probability of costly prosecution required to
achieve a requisite accident deterrent. However, whenever enforcement costs
are borne in this paper, injuring ﬁrms are completely exempted from penalty if
they have caused sufﬁciently little damage. The reason is that some absence of
liability is necessary for the legal rule to distinguish between injurers with
different damage distributions, a differentiation that is the sole economic
purpose of the costly enforcement/court process modelled here. Thus, we ﬁnd a
new exception to Becker’s (1968) prescription of maximal sanctions.2 Moreover, this exception withstands various generalizations of the paper’s model.
For example, when a ﬁrm’s precautionary effort can affect the entire
distribution of possible damage (not just the probability of an accident), then
threshold liability is shown to minimize the government enforcement costs
required to achieve desired precautionary effort, even absent any motive to sort
injurers.
This paper’s integration of enforcement concerns (see Polinsky and Shavell
2000; Garoupa 1997) and appeal screening opportunities (see e.g. Bebchuk
1984; Grossman and Katz 1983; Png 1987; Garvie and Lipman 2000; Daughety
and Reinganum 2000) yields another contrast to received theory in law
enforcement. When there is an endogenous harm-speciﬁc probability of
apprehension (or prosecution), costs of achieving deterrenceFin the form
of higher apprehension ratesFtypically imply optimal under-deterrence of
accidents (e.g. Kaplow and Shavell 1994). Alternatively, when the probability
of apprehension is exogenous to the speciﬁc harm that an accident may cause,
prior work argues that accident penalties should be adjusted to account exactly
for all accident damages, including costs of enforcement (Polinsky and Shavell
1992). Here, in contrast, the ﬁrms that are subject to costly enforcementFthe
low-damage ﬁrmsFare optimally over-deterred in order to mitigate costs of
appeal screening.
The use of ﬁnes and appeals to screen injurers is similar to the suit,
settlement and trial literature.3 Indeed, the ﬁne modelled in this paper can be
interpreted as a government offer to ‘settle’ a case. Grossman and Katz (1983),
for example, identify the salutary role of plea bargains in screening between
guilty (settling) and innocent (appealing) defendants when a court proceeding
is costless and informative, but not perfectly informative. Here, however, the
court can optimally discriminate between defendants, although the costs of
their use motivate an alternative sorting mechanism, i.e. the payment of
regulatory ﬁnes; courts thus play a valuable role in information discovery,
while the payment of ﬁnes serves to save enforcement costs.
The remainder of the paper is organized as follows. Section I presents the
paper’s core model. Section II characterizes optimal government enforcement
policy when there are no appeals and appeal-screening, respectively, describing
circumstances under which the latter outcome is welfare-enhancing. Section III
considers two key model variants, one allowing for regulators to freely observe
a coarse signal of damage, and the other allowing precautionary effort to affect
the entire distribution of accident harm. Section IV concludes. An Appendix
contains proofs.
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I. THE MODEL
Consider a set of risk neutral ﬁrms that can engage in activities that can lead to
damaging accidents. Firms are of two types, ‘high-damage’ and ‘low-damage’,
denoted by t ¼ h and t ¼ l, respectively. Each ﬁrm has private information
about its type. The proportion of h types in the population of potentially
injuring ﬁrms is qA(0,1). Firms exercise care that reduces the likelihood of an
accident. The level of care is x, and the probability of an accident is p(x, t),
where t ¼ h or l, px( )o0 and pxx( )40 (care reduces accident risk at a
decreasing rate). Without paying any accident-related costs, a ﬁrm’s expected
proﬁts are p(x, t), where px( )o0 and pxx( )o0 (care is increasingly costly).
When an accident occurs, damages to the general public are d, where d
is the realization of a random variable that has the positive and twice
differentiable density function g(d;t) on the support ½d; d. h type ﬁrms have
worse damage distributions in the sense of the monotone likelihood ratio
property (MLRP):


@ gðd;hÞ
ð1Þ
> 0 8 d:
@d gðd;lÞ
The MLRP is a somewhat stronger condition than ﬁrst-order stochastic
dominance (FOSD) of h’s damage distribution, implying that expected
accident damages are higher for h ﬁrms than for l ﬁrms, E(d;h)4E(d;l).4
In a ‘ﬁrst-best’ world, ﬁrms can be costlessly assessed damages from their
accidents. Firms then select their care levels to solve the following problem:
ð2Þ

maxx [ X fpðx; tÞ  pðx; tÞEðd;tÞg; t[fh; lg;

where X is a non-empty and compact feasible set. The ﬁrst-best care levels that
solve (2) will be denoted by xn ðtÞ for t ¼ h, l.
In our model, however, the revelation of actual damages d requires a costly
court proceeding, without which only a ﬁxed (non-damage-contingent) ﬁne can
be levied on an injuring ﬁrm.5 The government regulator and an injuring ﬁrm
thus engage in the following post-accident game.6 First, the regulator offers to
‘settle the case’ with the ﬁrm’s payment of a ﬁne f. Second, the injuring ﬁrm
either pays the ﬁne (in which case the game ends) or appeals to the court.
Third, if the ﬁrm appeals, then the regulator either prosecutes or drops the
case. If the case is dropped, the ﬁrm pays nothing. The relative frequency with
which the government prosecutes is denoted by rA[0,1]. Finally, the case goes
to court if an appeal is prosecuted. In the court proceeding, the ﬁrm and
the government bear legal costs of ca40 (‘a’ for ‘appeal’) and cg40 (‘g’ for
‘government’) respectively; in addition, the court observes d and assesses
liability l(d ).7 Absent a court proceeding, the government regulator knows only
that the injuring ﬁrm has caused an accident. In these initial stages, the injuring
ﬁrm is also unaware of the actual damage realization d, although (unlike the
government) it knows its own ex ante damage distribution.8
The government’s policy consists of the ﬁne level, f, the prosecution rate, r,
and the legal rule, l(d ). A benevolent social planner selects these policies ex
ante (before care levels are determined and accidents have occurred) in order to
maximize social welfare.9 The legal rule, l(d ), is constrained so that (i)
accidents are not rewarded in court (i.e. l(d ) X 0); (ii) higher damages are not
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rewarded with lower liability (i.e. l(d ) is non-decreasing); and (iii) payments do
not exceed a ﬁrm’s available assets y (i.e. l(d )4y).10
This model is designed to capture the following salient features of the
accident regulation process. First, the court process is a costly mechanism for
discovering truthFor a valuable signal of truthFabout ex post accident
damages. Second, the payment of ﬁnes (stage 2) provides a mechanism for
avoiding the costly court process. Third, the choice between ﬁnes and appeal
can serve as a self-selection device whereby high and low-damage ﬁrms can be
separated and thereby treated differently. In the absence of costly information
discovery, this separation would not be necessary because, using a strict
liability rule, l(d ) ¼ d, all ﬁrms could be costlessly made to choose ﬁrst-best
care levels.11 Fourth, self-selection is valuable because the ﬁrms have different
damage distributions and different optimal levels of care. Absent heterogeneity, a simple ﬁne could be used to elicit the optimal level of care, without a
costly resort to the court. Finally, the government designs its policies to
minimize both accident costs and legal/enforcement costs.
In principle, there are four possible cases to consider: (1) neither l-type nor
h-type ﬁrms appeal; (2) l-type ﬁrms appeal and h-type ﬁrms pay the ﬁne; (3)
both l-type and h-type ﬁrms appeal; (4) h-type ﬁrms appeal and l-type ﬁrms pay
the ﬁne. In what follows, we ﬁrst analyse the no-appeal case (1), followed by
the key ‘appeal screening’ case (2). Finally, cases (3) and (4) are ruled out as
inefﬁcient and impossible, respectively.

II. ANALYSIS
Case (1): No appeals
Without appeals, the only relevant government policy parameter is the ﬁne f.12
This parameter is selected to maximize social welfare as follows:
max
ð3Þ

f

qfpðxðf ; hÞ; hÞ  pðxðf ; hÞ; hÞEðd;hÞg
þ ð1  qÞfpðxðf ; lÞ; lÞ  pðxðf ; lÞ; lÞEðd;lÞg

where
xð f ; tÞ ¼ No appeal x Choice
¼ argmax ðpðx; tÞ  pðx; tÞf Þ:
Given the ﬁne f, injuring ﬁrms choose the care levels x( f, t), t ¼ h, l. For
each ﬁrm, this x choice yields social surplus of {p(x, t)  p(x, t)E(d;t)}. The
government chooses f so that total (per ﬁrm) expected social surplus is
maximized.13
Proposition 1. In a solution to problem (3): (a) E ðd;lÞ < f < Eðd;hÞ; (b) h
exerts less than ﬁrst-best care: xh < argmax fpðx; hÞ  pðx; hÞEðd;hÞg ¼ xn ðhÞ ¼
ﬁrst-best x-choice for h ﬁrm; (c) l exerts more than ﬁrst-best care:
xl < argmax fpðx; lÞ  pðx; lÞEðd;lÞg ¼ xn ðlÞ.
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In order to balance the efﬁciency costs of departing from ﬁrst-best care
levels, the government sets f between the two ﬁrst-best ﬁnes (E(d;l ) and E(d;h)),
thus yielding a levy that is ‘too high’ for the low-damage ﬁrms and ‘too low’ for
the high-damage ﬁrms.

Case (2): Appeal-screening
The efﬁciency motive for appeal screening is to confront the different ﬁrms
with different average penalties, and thereby to reduce the extent of over and
under-deterrence to which they are otherwise exposed; the cost of this
differentiation is that court costs are incurred.
Formally, in case (2), the h-type ﬁrms face a ﬁne of f (because they do not
appeal) and the l-type ﬁrms, which appeal, face the accident penalty,
rðEðlðdÞ;lÞ þ ca Þ, i.e. the probability that the appeal is prosecuted, times the
sum of the l appellant’s expected liability and court cost. Assuming that it
wishes to support appeal-screening outcomes, the government’s policy choice
problem is: 14
max

ff ;r;lðdÞg

ð5Þ

qfpðxðf ; hÞ; hÞ  pðxðf ; hÞ; hÞEðd;hÞg
þ ð1  qÞfpðxðPðflðdÞg; r;lÞ; lÞ
 pðxðPðflðdÞg; r;lÞ; lÞ½Eðd;lÞ þ rcg

subject to
(a) h selection (no appeal): f )rðEðlðdÞ;hÞ þ ca Þ ¼ cost to h of appeal;
(b) l selection (appeal): f *PðflðdÞg; r;lÞ  rðEðlðdÞ;lÞ þ ca Þ ¼ cost to l of
appeal;
(c) feasibility of l: 0)l ðdÞ)y 8 d;
(d) feasibility of ( f, r): 0)f )y þ ca ; 0 )r)1.
Problem (5) states that the government wishes to maximize the average
social surplus subject to (i) appeal-screening, (ii) attendant care choices, x( f, h)
and x(P( ), l ), respectively, and (iii) the feasibility restrictions (c) and (d).15 Let
ð f n ; rn ; l n ðdÞÞ denote a solution to this problem. To avoid degenerate
outcomes, we assume:
Assumption 1. The optimal prosecution rate r is positive, rn > 0.16
Then a necessary property of an optimum is that the legal rule l n ðdÞ penalizes
h-type ﬁrms as much as possible for a given level of penalty to l-type ﬁrms,
Eðl n ðdÞ;lÞ. That is, there cannot be another l(d ) function that (i) satisﬁes the
feasibility constraints in (5c); (ii) yields the same expected penalty to l ﬁrms,
EðlðdÞ;lÞ ¼ Eðl n ðdÞ;lÞ, and (iii) yields a higher expected penalty to h ﬁrms,
EðlðdÞ;hÞ > Eðl n ðdÞ;hÞ. Otherwise, l n ðdÞ could be replaced by l(d ) and the hselection constraint thereby relaxed. Moreover, relaxation of the latter
constraint permits a revision of the legal rule (increasing l ﬁrms’ expected
payment, E(l(d );l )) and a corresponding reduction in r (to preserve l’s expected
r The London School of Economics and Political Science 2004
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penalty) that preserves care and appeal choices, but lowers legal costs (by
lowering r).
This logic implies that an optimal legal rule must take a threshold form:
ð6Þ

lðdÞ ¼ lT ðd;d0 Þ ¼

y when
0 when

d > d0
d)d0

for some critical d0 [½d; d. In words, an lT(d;d0) threshold rule assesses maximal
liability when damages are high (d4d0) and zero liability when damages are
low (d4d0).
Consider a class of feasible ‘non-threshold’ l(d ) functions that yield the
same expected penalty to the low damage ﬁrms as does a given (arbitrary)
threshold rule:
LA ðd0 Þ ¼ flðdÞ : 0)lðdÞ)y

8d; EðlðdÞ;lÞ ¼ EðlT ðd;d0 Þ;lÞ;

ð7Þ
l ðdÞ 6¼ lT ðd;d0 Þ for d [D ¼ non-degenerate subset of f½d; dg
for d0 [ðd; dÞ
The following relationship can now be established.
Lemma 1. For any threshold rule, lT ðd;d0 Þ : d0 [ðd; dÞ, and any associated nonthreshold alternative, lA(d )ALA(d0),
EðlA ðdÞ;hÞ < EðlT ðd;d0 Þ;hÞ:
Intuitively, moving to the threshold rule reduces damage payments in lowdamage states, wherein the l-type ﬁrms have relatively greater probability
weight, and increases payments in high damage states, wherein the h-type ﬁrms
have relatively greater probability weight. Thus, whenever threshold and nonthreshold legal rules yield the same expected penalty to l-type ﬁrms, the
threshold rule yields a higher expected penalty to h-type ﬁrms.
Lemma 1 implies that only a threshold rule can maximally penalize h-type
ﬁrms, the necessary property for an optimum discussed earlier.
Proposition 2. A solution to (5) must give l(d ) a threshold (equation (6)) form.
Becker’s (1968) famous argument suggests that legal liability should always
be set as high as possible (l(d ) ¼ y for all d ) in order to achieve a given accident
deterrent (rE(l(d);  )) at minimum possible cost in prosecution (rc). Proposition
2 would be trivial if it reﬂected another application of this logic. However, in
the present context, uniformly maximal liability voids the purpose of the
courtsFnamely, to assess penalties that distinguish between ﬁrms with different
damage distributions. If liability is uniformly maximal (with d0 ¼ d ), all ﬁrms
face the same ‘ﬁne’, f ¼ r( y þ ca); hence, a no-appeal (case (1)) regime can elicit
the same care choices (with an identical ﬁne), while saving all enforcement costs.
Lemma 2. An appeal-screening (case (2)) optimum can yield higher social
welfare than a pure ﬁne (case (1)) optimum only if l n ðdÞ < y for some d, a
r The London School of Economics and Political Science 2004
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condition that holds when (a) E(d;h)  E(d;l ) is sufﬁciently large; (b)
g(d;l )  g(d;h) is sufﬁciently large; and/or (c) c is sufﬁciently small.
Lemma 2 provides a new exception to the Becker argument. For lowdamage levels, the sanction is optimally relaxed in order to differentiate
between the high-damage ﬁrms that have little likelihood of enjoying the
reduced sanction, and the low-damage ﬁrms that have a substantial likelihood
of enjoying the break. In this way, low-damage ﬁrms may be afforded a lower
average sanctionFoptimally reﬂecting the lower cost of their activitiesFwithout sacriﬁcing deterrence of the high-damage ﬁrms which stick with their ﬁxed
ﬁne. The beneﬁts of this differentiation are tied to the extent of difference in
damages (condition (a) of Lemma 2) and the extent to which a break in lowdamage sanctions can serve to sort the ﬁrms (condition (b)). The cost of this
differentiation is the need for prosecution (condition (c)).
We now focus on cases in which appeal screening can be socially desirable.
Assumption 2. In a solution to (5), liability is not uniformly maximized: d04d.
Together, Assumptions 1 and 2 imply that, starting from a solution to
problem (5), it is possible marginally to lower the prosecution probability r,
and marginally to lower d0 in tandem (raising liability), so as to preserve the
low-damage ﬁrms’ expected penalty, r(E(l;l ) þ ca). Since such a change saves
court costs and preserves l ﬁrms’ care and appeal choices, it increases welfare so
long as h ﬁrm choices are also unaffected. Moreover, h ﬁrm choices are
unaffected if the h-selection constraint is slack. Because welfare improvements
cannot be possible from an optimum, we have the following lemma.
Lemma 3. In a solution to problem (5), (a) the h-selection constraint binds and
(b) the l-appeal constraint is slack.
By exactly the same logic, legal costs can be saved and efﬁciency increased
if the h-selection constraint can be relaxed. Moreover, the h ﬁrms’ incentive to
appeal can be reduced either by lowering the regulatory ﬁne (which has the cost
of eliciting lower high-damage injurer care choices) or by raising liability
assessments (which has the cost of eliciting higher care choices by the lowdamage appellants). From ﬁrst and second-best benchmarks, the efﬁciency
costs of these penalty changes (in terms of deterrence) are negligible; both
changes thus increase efﬁciency by reducing costs of appeal-screening.
Proposition 3. In a solution to problem (5): (a) h ﬁrms exert less than ﬁrst-best
care: xh < xn ðhÞ ¼ ﬁrst-best x-choice for h ﬁrm; and (b) l ﬁrms exert more than
second-best (and ﬁrst-best) care:
xl > argmax fpðx; lÞ  pðx; lÞ½Eðd;lÞ þ rcg
¼ ‘second-best’ x-choice for l firm > xn ðlÞ:
Using the courts to sort the injurers, as is done in our appeal screening case
(2), need not be efﬁcient if court costs are sufﬁciently high. However, the
following factors favour use of the courts in public enforcement (v. no appeals):
r The London School of Economics and Political Science 2004
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(i) lower court costs, (ii) greater differences between the damage distributions
of low and high-damage injurers, and (iii) higher asset bounds. With greater
differences in damage distributions, there are greater beneﬁts of the differential
penalties made possible by appeal screening and, in addition, a greater ability
of a ‘threshold’ rule to achieve differential penalties. Higher asset levels also
yield greater differences in the expected ‘threshold’ liabilities of high and lowdamage injurers, thereby permitting appeal-screening and deterrence with a
lower probability of costly prosecution.17 Use of the court process is thus likely
to be most socially advantageous when injurers have deep pockets.

Cases (3) and (4): Impossibility and Inefﬁciency
The MLRP condition (1), together with monotonicity of l(d), imply the
following lemma.
Lemma 4. E(l(d );l )4E(l(d );h).
With l(d ) non-decreasing, h ﬁrms have greater probability weight on
higher-damage outcomes that are associated with larger payments; hence their
expected penalty, E(l(d );h), is higher than for their l-ﬁrm counterparts. As a
result, the appeal mechanism is necessarily more advantageous for the l-type
ﬁrms, giving us the following corollary.
Corollary 1. Case (4) (h ﬁrms appeal and l ﬁrms do not) is impossible.
Finally, if all ﬁrms were to appeal (case (3)), the h ﬁrms could be offered an
equivalent regulatory ﬁne that deters their appeal (but does not deter appeal by
the l ﬁrms), preserves deterrence, and thus saves court costs.
Corollary 2: Case (3) (both l ﬁrms and h ﬁrms appeal) is inefﬁcient.
Case (3) may be interpreted as the outcome of this paper’s game modiﬁed
either to do away with the ﬁne stage or to replace the court process with the
regulator’s observation of d in stage 1 at the cost ca to the injurer and cg to the
regulator. Corollary 2 states that neither modiﬁcation is desirable, thus
implying that there is value to the separation of the ﬁne and court stages of the
game posited here.

III. EXTENSIONS
(a) Rough signal of harm
So far, we have assumed that regulators are completely uninformed about
the damage from an accident, and that revelation of damage requires a costly
court proceeding. However, in practice, regulators may sometimes obtain a
coarse signal of damage without investing any investigatory resources in an
enforcement action. Regulatory ﬁnes can then be conditioned on this signal.
Nevertheless, probabilistic enforcement actionFinterpreted here as going to
r The London School of Economics and Political Science 2004
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courtFmay be advantageous, because it yields a complete assessment of true
damage and thereby permits a ﬁner damage-contingent penalty schedule.
To explore this possibility, let us suppose that regulators freely observe
whether damage is high, d [Dþ  ½D; d, or low, d [D  ½d; DÞ, for some
D[ðd; dÞ, although they do not observe the speciﬁc realization of damage
within these intervals. Regulatory ﬁnes are thus a pair ð f ; fþ Þ, with f– imposed
when dAD, f þ imposed when d [Dþ , and fþ *f *0. (Fines, like liability,
cannot fall with damage.)
Deﬁne the set of ﬁnes that confront a t-type ﬁrm (tA{l, h}) with its true
expected damage, as follows:
It  fð fþ ; f Þ : GðD;tÞf þ ð1  GðD;tÞÞfþ ¼ Eðd;tÞg
By condition (1), low-damage ﬁrms have steeper It correspondences (see Figure 1):


dfþ 
GðD;lÞ
GðD;hÞ
dfþ 
<
¼
¼
:
ð8Þ
df Il 1  GðD;lÞ 1  GðD;hÞ df Ih
Moreover, the low-damage ﬁrms’ Il intersects the 451 line (at f þ ¼ f– ¼ E(d;l ))
below the corresponding intersection for high-damage ﬁrms (at f þ ¼
f– ¼ E(d;h)). Hence, if the fþ intercept for Il is on or above the corresponding
intercept for Ih, Il and Ih intersect at a ﬁne pair that yields both ﬁrm types exactly
their expected damage. In this case, the damage signal is completely informative in
the sense that no further information is of any economic value; that is, appeals to
the costly court process are not desirable.
There are three reasons why such ﬁrst-best regulatory ﬁnes may not be
feasible: (1) the damage signal may not be perfectly informative; (2) asset
f+

Region of possible
optimal fines
45°

C

B

A
Ih

Il
f−

FIGURE 1. An imperfectly informative signal
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bounds may bind; and (3) there may be three (or more) types of ﬁrm, so that
our two-partition signal, although perfectly informative for two ﬁrm types, is
not so for three.18
Beginning with the ﬁrst of these reasons, note that the Il intercept is above
the Ih intercept if and only if
 Z d
Z d
1  GðD;hÞ
Eðd;hÞ
*
¼
ð9Þ
ð1  Gðd;hÞÞ dd
ð1  Gðd;lÞÞdd:
1  GðD;lÞ
Eðd;lÞ
d
d
By equation (1), condition (9) is violated when the signal partition D is either
sufﬁciently high or sufﬁciently low. In the latter (not completely informative)
case, we have Figure 1 and the following proposition.
Proposition 4. Suppose that regulators obtain a coarse signal of damage that is
not completely informative (so that equation (9) is violated). Then, absent any
appeals to the courts, an optimal policy of regulatory ﬁnes will (a) set f ¼ 0;
(b) under-deter high-damage ﬁrms (relative to a ﬁrst-best); and (c) over-deter
low-damage ﬁrms.
In other words, a no-appeal optimum gives us a threshold rule in ﬁnes,
although without bankrupting penalties ðfþ < yÞ; low-damage realizations,
d4D, are not ﬁned at all, a common practice in environmental law enforcement link (Harrington 1988). To understand this result, note ﬁrst (referring to
Figure 1) that there are three possible regions for the ﬁne pair, ð f ; fþ Þ: region
C (where all ﬁrms are over-deterred), region A (where all are under-deterred),
and region B (where l types are over-deterred and h types under-deterred). In
region C (or A), welfare can be raised by lowering (raising) ﬁnes; hence an
optimal pair is in the interior of region B (giving us Proposition 4(b)–(c)). Now
consider an arbitrary pair in this region, with f > 0 (contrary to Proposition
4(a)). Then fþ can be raised and f lowered so as to preserve the expected ﬁne
faced by l-type ﬁrms. By the MLRP condition (1), this change will raise the
expected ﬁne faced by the h-type ﬁrms and hence raise welfare by reducing the
extent to which h-ﬁrms are under-deterred.
Appeals to a costly court processFand attendant imposition of
liabilityFcan also be desirable despite the government’s improved ability to
levy damage-contingent regulatory sanctions. For example, consider a threshold legal rule in concert with the regulatory optimum of Proposition 4.
Speciﬁcally, suppose that the threshold d04D, and the high-damage
prosecution rate rþ , are selected to make the h-type ﬁrms indifferent between
appeal and no appeal (for d [Dþ ):19
ð10Þ

rþ EðlT ðd;d0 Þ;hÞ ¼ ð1  GðD;hÞÞfþ ) rþ EðlT ðd;d0 Þ;lÞ < ð1  GðD;lÞÞfþ :

Then h ﬁrms do not appeal, l ﬁrms do, and the extent of l-ﬁrm over-deterrence
is reduced. Because h-ﬁrm deterrence does not change, welfare increases
provided the cost of the appealsFð1  qÞrþ cð1  GðD;lÞÞpðxl ; lÞFis sufﬁciently small.
A second reason why ﬁrst-best regulatory ﬁnes may not work is that the
asset limit, fþ )y, may bind (see Figure 2). In this case, we have (due to logic
akin to Proposition 4) the following.
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FIGURE 2. Binding asset bound

Proposition 5. Suppose that equation (9) is satisﬁed, but a ﬁrst-best ﬁne exceeds
the asset limit, fþ > y. Then, absent court appeals, an optimal regulatory policy
(a) sets fþ ¼ y, (b) under-deters high-damage ﬁrms, and (c) over-deters lowdamage ﬁrms.
Appeals can again be desirable. Consider, for example, a threshold legal
rule in concert with the no-appeal optimum of Proposition 5. Here, the
thresholdFand appealsFwill be in the low-damage region, d0oD.20 Designing this rule to just preserve high-damage ﬁrms’ no-appeal incentive, we will
again see low-damage ﬁrm appeals, an attendant reduction in low-damage
ﬁrms’ over-deterrence, and welfare gainsFprovided that the appeal costs,
ð1  qÞr cGðD;lÞpðxl ; lÞ, are sufﬁciently small.
Finally, if there are three (not two) ﬁrm types, then the two ﬁnes, ð f ; fþ Þ,
may not be sufﬁcient to confront all three ﬁrm types with the respective average
harms caused. Speciﬁcally, let us consider the addition of ‘very high’-damage
ﬁrms, t ¼ v, and rule out the prior two exceptions to ﬁrst-best regulation.
Assumption 3. (i) The intercept, fþn ðtÞ  Eðd;tÞ=ð1  GðD;tÞÞ, rises with quality t
(l4h4v). Hence the damage signal is perfectly informative for any two ﬁrm
types. (ii) Asset bounds do not bind, fþn ðlÞ)y. (iii) Low-damage (l) ﬁrms are
over-deterred at ﬁrst-best ﬁnes for the two higher-damage (h and v) ﬁrms.21
The third requirement of Assumption 3 (veriﬁed in an example in note 21)
implies that a ﬁrst-best is not possible. For this case, we have Figure 3 and the
following implications.
Proposition 6. With three ﬁrm types and Assumption 3, an optimal regulatory
policy, absent court appeals, under-deters high-damage (h) ﬁrms and overdeters both low (l ) and very high (v)-damage ﬁrms.22
r The London School of Economics and Political Science 2004

402

[AUGUST

ECONOMICA
f+

Region of possible
optimal fines
45°

A
F
B

E
C

Iv

D

Ih
Il
f−

FIGURE 3. Three ﬁrm types

To understand Proposition 6, consider Figure 3. It sufﬁces to rule out areas
A–F as inefﬁcient. The blank area (where l and v are over-deterred and h is
under-deterred) then represents the only remaining possibility for an optimal
allocation. Areas C (all under-deterred) and F (all over-deterred) can be ruled
out immediately. In area A (l under-deterred, h and v over-deterred), fþ can be
lowered and f raised to preserve l ﬁrms’ expected sanction, thereby reducing
the over-deterrence of h and v ﬁrms. In area B (l and h under-deterred, v overdeterred), fþ can be lowered and f raised to preserve h ﬁrms’ expected
sanction, thereby reducing the under-deterrence of l and the over-deterrence of
v. Finally, in areas D and E (where l is over-deterred and v is under-deterred),
fþ can be raised and f lowered to preserve h ﬁrms’ average sanction, thereby
reducing the over-deterrence of l and the under-deterrence of v.
When ﬁrst-best regulatory ﬁnes are not possible (for any of the three
reasons explored above), an optimum may involve the higher-damage ﬁrms
paying regulatory ﬁnes, and the lowest-damage (l) ﬁrms appealing to the
courts in order to lower their sanction and thereby reduce the extent of their
over-deterrence. Appeals may occur (i) when the damage signal is low (d4D,
f ¼ f–), (ii) when it is high ðd > D; f ¼ fþ Þ, or (iii) in both cases. In all of these
cases, the logic of Proposition 2 applies. Speciﬁcally, a modiﬁed threshold rule
of the following form is necessarily optimal (see Figure 4):
ð6 0 Þ

y
lðdÞ ¼ lTn ðd;d0 ; d1 ; lÞ ¼ l[½0; y
0

when
for
for

d > d1 ð> d0 Þ
d [½d0 ; d1 
d < d0 :

The reason is that any non-threshold rule can be replaced by a modiﬁed
threshold rule that (1) sets l ¼ l(D), and (2) sets d0 and d1 to preserve l ﬁrms’
conditional expected liability in regions D and Dþ , respectively. The revised
legal rule relaxes the higher-damage ﬁrms’ selection (no appeal) constraints,
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and preserves all ﬁrms’ precautionary incentives.23 Relaxation of the selection
constraints in turn permits the thresholds (d0 and d1) to be loweredFwith
prosecution rates lowered in tandemFso as to preserve the l ﬁrms’ deterrence;
this can be done without violating the higher-damage ﬁrms’ incentive to pay
the relevant ﬁne, thereby saving enforcement costs.
Proposition 7. Suppose that, in an optimum, the lowest-damage ﬁrms appeal to
the courts (for d [D ; d [Dþ , or both) and higher-damage ﬁrms do not. Then:
(a) an optimal legal rule takes the modiﬁed threshold (equation (6)) form; (b) if
appeals occur only when d [D , then l ¼ y and d1 ¼ D; and (c) if appeals
occur only when d [Dþ , then l ¼ f– and d0 ¼ d.
If appeals occur only in one region of damage ðD or Dþ Þ, then optimal
liability takes a ‘single-step’ threshold form. When appeals occur only in D ,
then high-damage ﬁrms’ incentive to pay regulatory ﬁnes is maximized by setting
l maximally (to y), thus giving us a pure (equation (6)) threshold rule. When
appeals occur only in Dþ , then these no-appeal incentives are maximized by
minimizing l subject to no appeal occurring in region D . This is done by setting
liability uniformly equal to the ﬁne f– for the low-damage realizations ðd [D Þ,
and costlessly committing to certain prosecution for any low damage appeals (a
costless commitment because no appeals occur for dAD–). Hence, we again have
a ‘pure’ threshold rule, except that liability for low damages is positive, not zero.
(b) Optimal threshold penalties in a pure incentive model
In the foregoing analysis, a threshold penalty function is motivated as an
optimal mechanism to minimize costs of screening heterogeneous injurers. A
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threshold rule also arises as an optimal mechanism in a pure incentive model
with homogeneous injurers and enforcement costs.
So far we have considered a care choice that affects only the probability of
an accident, but not the level of realized damage. Suppose instead that
precautionary effort affects the entire distribution of damage. Formally, let
damage be distributed according to the density g(d;x) on the support ½0; d,
where higher care leads to lower damages in the sense of the MLRP:24


@ gx ðd;xÞ
ðl 0 Þ
< 0 8 d:
@d gðd;xÞ
Let us also suppose that injurers are homogeneous and have expected proﬁt,
absent accident-related costs, equal to p(x) (with p 0 o0 and p@o0, as before).
Damages are costly for the government to assess, whether because the
discovery of damage requires costly monitoring (the assumption in the
enforcement literature and this paper) or because there are ﬁxed costs
associated with the assessment of any penalties (arising from legal disputes, for
example). Speciﬁcally, an accident penalty of l(d )A[0, y] is levied on a ﬁrm with
the probability r. l(d ) is assumed to be monotone non-decreasing and
piecewise differentiable. The government bears the ﬁxed cost c whenever the
l(d ) penalty is imposed. This structure will be called model 2.
A ﬁrm’s care choice problem is then
ð11Þ

maxfpðxÞ  rEðlðdÞ;xÞg;
x[X

which yields the unique care choice x({l(d )}, r).25 The social planner’s problem
thus becomes
max fpðxÞ  Eðd;xÞ  rcg;

ð12Þ

flðdÞg; r

s:t ðiÞ x ¼ xðflðdÞg; rÞ;

and

ðiiÞ lðdÞ[½0; y:

In Model 2, regulatory ﬁnes that are completely independent of damage
provide no incentive at all for precaution. Hence the penalty function described
here is either court-imposed (the interpretation from our earlier model) or
based upon a costly regulatory investigation of damage. Moreover, it is the
costs of imposing these penaltiesFthe enforcement costs of interest in this
paperFthat motivate a threshold penalty function.26
Lemma 5. For ﬁxed r40, consider (i) an arbitrary non-threshold rule l0(d ) that
yields care x0 ¼ x({l0(d )}, r), and (ii) a threshold (equation (6)) alternative that
yields the same expected penalty at care level x0, E{lT(d;d0); x0} ¼ E{l0(d );x0}.
The threshold alternative yields higher precautionary effort: x({lT (d;d0)},
r)4x0.
Intuitively, moving to a threshold rule raises penalties in high-damage
states and lowers penalties in low-damage states. Moreover, higher care levels
reduce the probability of high-damage states and raise the probability of lowdamage states. Hence threshold liability maximizes a ﬁrm’s beneﬁt of care by
maximizing payments in those states for which higher care is likelihoodr The London School of Economics and Political Science 2004
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reducing and minimizing payments in states for which higher care is likelihoodincreasing.
The optimality of a threshold rule is now clear. Provided there is positive
deterrence in an optimum (r40), the social planner can (i) replace any nonthreshold penalty function with the expected-penalty-preserving threshold rule
of Lemma 5 (which raises care); (ii) lower the prosecution rate in tandem
(which lowers care); and (iii) thereby preserve precautionary incentives. Social
welfare is then raised, by virtue of the saved enforcement costs.
Proposition 8. In Model 2, an optimal penalty function takes the threshold
(equation (6)) form, with d0 satisfying gx(d0;x) ¼ 0 at x ¼ x({lT(d;d0)}, r).27
The incentive motive for threshold liability does not change with
heterogeneous injurers that have different costs of care. However, in such a
setting the question of whether one can optimally sort high and low-cost
injurers using ﬁnes and appeals arises, as before. For example, suppose that
regulators receive a two-partition signal of damage as in Section III(a) above.
Then, absent appeals, a ﬁrm’s precautionary effort is a function of the
difference between high and low-damage ﬁnes, ð fþ  f Þ. So long as there are
any costs of penalty assessment, however small, an optimal regime of ﬁnes
thus stipulates a zero levy when damages are low ðf ¼ 0Þ, giving us a
threshold rule in ﬁnes (albeit without bankrupting penalties). An optimal
high-damage ﬁne ðfþ Þ weighs the relative incentive beneﬁts for low and highcost ﬁrms. Under certain conditions, the optimal ﬁne will over-deter low-cost
ﬁrms and under-deter high-cost ﬁrms.28 Low-cost ﬁrm appeals to a courtimposed threshold rule (prosecuted probabilistically) may again serve to
mitigate these ﬁrms’ over-deterrence at the cost of prosecution and damage
discovery.

IV. CONCLUDING REMARKS
In practice, regulatory sanctions are often subject to legal challenge, occupying
substantial regulatory and private resources (Sablatura 1995; Shortlidge 2003).
In addition, legal rules sometimes distinguish between different damage
realizations in ways similar to the threshold rule characterized. For example,
some State pollution statutes in the USA punish ‘egregious’ violations with
asset-liquidating penalties and exempt ‘non-egregious’ violations from sanctions (Cory 1997).
In some cases, however, this paper suggests scope for reform of regulatory/
legal practice that would economize on use of the costly court process. In US
Superfund enforcement, for example, litigation reportedly consumes a third of
all related private expenditures (Sablatura 1995). By imposing joint and several
liability, Superfund can lead to asset-liquidating penalties akin to those
prescribed by a threshold rule. However, unlike a threshold rule, it does not
afford liability exemptions to ﬁrms that cause little realized harm.29 Moreover,
in some regions of the United States the Environmental Protection Agency
(EPA) has pursued a prosecutorial/liability remedy as a general rule of
Superfund enforcement; other regions have more vigorously sought settlements
r The London School of Economics and Political Science 2004

406

ECONOMICA

[AUGUST

that save vast legal costs (Church and Nakamura 1993). In recent years, the
EPA has taken steps to encourage settlement by small (‘de minimus’)
potentially responsible parties (PRPs), including providing funding for ‘orphan
shares’ of insolvent PRPs, promoting mixed (federal and private) funding of
some cleanups, clarifying and streamlining procedures for de minimus
settlements, and issuing guidance to regional ofﬁces that encourage such
settlements (Stoody 2001; CEQ 1993). Despite these reforms, Superfund’s
severe liability rulesFand the ability of large PRPs to recover damages from
other partiesFhas promoted defensive litigation and caught many apparently
innocent parties in Superfund’s web (Stoody 2001; Carson 1996). In some
regions, it also appears that little has been done to spur settlement among nonde minimus PRPs. This analysis suggests that efﬁciency may be enhanced by (i)
providing liability exemptions to ﬁrms found to be relatively small (lowdamage) contributors to a contaminated site, as with a threshold rule, and (ii)
removing other impediments to settlement by, for example, encouraging
‘buyouts’ that limit a PRP’s future liability and increased use of an
‘accommodation’ (v. ‘prosecution’) strategy in dealing with PRPs (Church
and Nakamura 1993).
On a conceptual level, there are a number of possible generalizations
to this analysis that may merit attention. I close with comments on a few
of them.
A central premise in this paper is that, absent a court proceeding, a ﬁrm
does not observe the realized level of harm that its accident has caused,
although it knows the nature of its activities and thus the distribution of
possible harm. For chemical leaks and other toxic pollutant releases, speciﬁc
economic damages from an accident are complex to calculate and thus are
likely to be unobservable to ﬁrmsFor the governmentFabsent a costly
inquiry, interpreted here to be the domain of a court process. However, in
other cases there may be an imperfect signal of damage; or the ﬁrm may
actually observe realized harm (and not the government).
When regulators obtain an informative signal of harm, the merit of this
paper’s logic hinges upon the strength of the signal; if it is very informative,
signal-contingent regulatory ﬁnes may costlessly approximate strict liability
and thereby void any economic motive for costly court challenges. Nevertheless, as discussed in Section III, the conclusions of this analysis are, in many
cases, robust to imperfectly informative signals of harm.
If ﬁrms observe their damages, there will no longer be any appeal-screening
motive for use of the courts; regardless of its type, a ﬁrm will appeal to the
court (or not) depending only upon whether the resulting known liability (times
the known prosecution rate) is lower (or higher) than the regulatory ﬁne.
However, the economic logic of both threshold liability and the separation of
regulatory ﬁnes from court appeals can be shown to persist in general. Costs of
assessing liability imply that high-damage injurers will be under-deterred in an
optimum; a threshold rule is thus optimal because, preserving the expected
penalty to low-damage injurers, it minimizes the extent to which high damage
injurers are under-deterred. Given a threshold rule, there is no economic
motive for injurers that have high realized damagesFthose that would face a
maximal sanction under the threshold ruleFto appeal to the courts; deterring
such appeals by setting the regulatory ﬁne equal to the average sanction that
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would otherwise be levied (in the paper’s notation, f ¼ ry) preserves
deterrence, but saves court costs.
The merits of threshold liability, in view of costly enforcement, similarly
generalize to cases in which the distribution of harm is not exogenous, but
rather is determined by precautionary measures undertaken to limit damage
(e.g. careful monitoring of production activities, so that accidental chemical
releases are quickly detected and stopped). As was shown in Section III, when
damages are costly to assess and the full distribution of damages is determined
by ex ante care (as in Lewis and Sappington 1999), a threshold rule provides a
maximal incentive for the exertion of care and thereby minimizes the requisite
probability of penalty assessment needed to achieve a given deterrent to
damage creation. When ﬁrms have heterogeneous (and hidden) costs of
damage-reducing care, an appeal-screening mechanism may be able to sort the
injurers optimally, provided regulatory ﬁnes can be conditioned on a partially
informative signal of harm. Absent such a signal, payment of ﬁnesFby
completely decoupling sanctions from damageFwill eliminate incentives
to limit harm. With such a signal, optimal regulatory ﬁnes will take a threshold form, completely exempting ﬁrms with low-damage realizations from
sanctionFa common practice in environmental law enforcement (Harrington
1988). Moreover, as stressed throughout the paper, it may be optimal for lowcost (high-precaution) ﬁrms to appeal to a court process and thereby mitigate
the excessive deterrence to which they may otherwise be subject.
A potential criticism of the threshold rule is that it may provide an
incentive for a ﬁrm, ex post, to limit its accident damage to a level below the
threshold and thereby escape liability entirely. This might be done by
remediation effort or might take a more pernicious form, with effort to split
up the damage between multiple sites. Implicitly, we have assumed that the
courts can see through such efforts. For example, the courts can surely
aggregate a ‘split-up’ hazard and thereby vitiate any motive for such costly
behaviour. However, in this paper I have not considered how regulatory law
enforcement might provide proper incentives for damage remediation (Heyes
1996; Innes 1999b), or avoid excessive ﬁrm investment in pre-appeal information about damages, or account for imperfect damage assessments (Kaplow
and Shavell 1996), all of which may merit further study.
A ﬁnal caveat is that the extreme bankrupting penalties that are advocated
in this paper are rarely observed. Other considerations would optimally lead to
less extreme penalties. For example, deadweight costs of ﬁnancial distress and
bankruptcy (costs that have been extensively studied in the ﬁnance literature)
and injurer abilities to take costly measures that limit their assets (measures
that, Ringleb and Wiggins 1990 argue, have had a pervasive effect in the
United States) both favour liability limits that are set below asset bounds.
Constitutional strictures against conﬁscation of property may likewise favour
alternative liability limits linked to either ex post damages or measures of
expected damages. The logic of this analysisFand of the optimal threshold
liability rule characterized hereFis robust to these alternative liability bounds,
with maximal liability appropriately redeﬁned. However, such alternative
bounds will clearly lead to less extreme accident penalties, as will such
considerations as risk aversion (see e.g. Polinsky and Shavell 1979) or ‘fairness’
(see e.g. Abraham and Jeffries 1989).
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APPENDIX
Proof of Proposition 1
The following properties are easily veriﬁed (for t ¼ l, h):
(i) px ðx; tÞ  px ðx; tÞ Eðd;tÞ‘0 when x‘xn ðtÞ
(ii) xðf ; tÞ‘xn ðtÞ when f ‘Eðd;tÞ
(iii) @xðf ; tÞ=@f > 0.
Properties (i)–(iii) imply that the derivative of the objective function in (3) (with
respect to f ) is (I) positive when f )Eðd;lÞ < Eðd;hÞ, and (II) negative when
f X E(d;h)4E(d;l ), which establishes part (a) of the Proposition. Together with part
(a), property (ii) implies parts (b) and (c).
Proof of Lemma 1
Deﬁne
ðA1Þ

fðdÞ ¼ lA ðdÞ  lT ðd;d0 Þ

*0 8d)d0
;
)0 8d > d0

and note that, since E(lA(d );l ) ¼ E(lT(d;d0);l ),
Z d
Z d0
fðdÞgðd;lÞdd þ
fðdÞgðd;lÞdd ¼ 0:
ðA2Þ
d

d0

Further, deﬁne
fðdL ÞgðdL ;lÞ
fðdL ÞgðdL ;lÞ
for d L [½d; d 0 Þ;
¼ R d
dðdL Þ ¼ R d0
fðdÞgðd;lÞdd
 d0 fðdÞgðd;lÞdd
d
Rd
where the second equality follows from (A2). By construction d 0 dðdL ÞddL ¼ 1. Using
this fact and substituting for d(dL) from (A3), E(f(d );h) can be written as
Z d0
Z d
EðfðdÞ;hÞ ¼
fðdL ÞgðdL ;hÞ ddL þ
fðdH Þ gðdH ;hÞddH

ðA3Þ

d0

d

¼

Z

d0

d

ðA4Þ

þ

Z

" Z 
#
d
gðdL ;hÞ

dðdL Þ
fðdH ÞgðdH ;lÞddH ddL
gðdL ;lÞ
d0
d

fðdH ÞgðdH ;hÞddH

d0

¼

Z
d

d0

Z

d0

dðdL ÞddL

d

Z

d0

d0



gðdH ;hÞ gðdL ;hÞ

ddH ddL < 0;
dðdL ÞfðdH ÞgðdH ;lÞddH
gðdH ;lÞ gðdL ;lÞ

where dH denotes the variable of integration over the interval ½d0 ; d and dL denotes the
variable of integration over ½d; d0 Þ. The inequality in (A4) follows from dðdL Þ
*0 8 dL < d0 (with strict inequality on a set of positive measure in the interval,
[ d, d0)), fðdH Þ)0 8dH > d0 (with strict inequality on a set of positive measure in the
interval ½d0 ; d), and the MLRP equation (1) (since dH4dL). The lemma follows from
(A4) and the deﬁnition of f(d ). &
Proof of Proposition 2
Suppose instead that there is a non-threshold solution to (5), lA(d ), with an associated
prosecution probability, rA40 (Assumption 1), and ﬁne f. Then there is a threshold rule
lT ðd;d00 Þ that yields l ﬁrms the same expected liability as lA(d ),
lT ðd;d00 Þ : EðlT ðd;d00 Þ;lÞ ¼ EðlA ðdÞ;lÞ;
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and, by Lemma 1, yields h ﬁrms a higher expected liability, EðlT ðd;d00 Þ;hÞ > EðlA ðdÞ;hÞ.
Since the h-settlement constraint (5b) is satisﬁed with lA(d ) (by construction), this
constraint is strictly slack under lT ðd;d00 Þ (given rA and f ).
Now consider replacing lA(d ) and rA with a threshold rule lT(d;d0) and prosecution probability r, where (i) r and d0 are selected to preserve rðEðl;lÞ þ ca Þ ¼
rA ðEðlA ðdÞ;lÞ þ ca Þ; (ii) r is marginally less than rA (which lowers r(E(l;l ) þ ca)), and
(iii) d0 is marginally less than d00 (which raises r(E(l;l ) þ ca)). With this replacement, (a) l
ﬁrms’. appeal decision and x-choice (under appeal) are not affected; (b) h ﬁrms’ x-choice
(under no appeal) is unaffected (since f is unchanged); (c) the h-settlement constraint is
still satisﬁed since it was slack under the policy ð f ; rA ; lT ðd;d00 ÞÞ; and (d) since r is lower
than rA, legal costs are saved and social surplus is raised. Hence the alternative policy,
( f, r, lT(d;d0)), satisﬁes constraints (5a)–(5d) and yields greater expected social surplus
(i.e. a higher value of the objective function in (5)) than ( f, rA, lA(d )). The posited
optimality of the latter non-threshold policy is thus contradicted.
&

Lemma 2 0
If the following condition holds, then d0 > d in a solution to problem (5):
ðA5Þ

zðqnn  qn ÞðEðd;hÞ  Eðd;lÞ  cÞðEðd;hÞqnn þ Eðd;lÞð1  qnn ÞÞ>pðxl ; lÞð1  qÞc;

where

z ¼ qzh þ ð1  qÞzl < 0
zt ¼ px ðxt ; tÞ2 =ðpxx ðxt ; tÞ  pxx ðxt ; tÞrðy þ ca ÞÞ < 0
xt ¼ xðrðy þ ca Þ; tÞ
qn ¼ qzh =
z [ð0; 1Þ
qnn ¼ gðd;hÞqn =ðgðd;hÞqn þ gðd;lÞð1  qn ÞÞ[ð0; 1Þ
ðqnn qn Þ ¼  qn ð1qn ÞDðgðd;lÞ  qn DÞ < 0
D ¼ gðd;lÞ  gðd;hÞ > 0

and we make the following Regularity Assumption: with d0 ¼ d, social welfare (W in
(A6)) is locally concave in r at any stationary point. [Note on Regularity Assumption. At
an optimum, local concavity follows from second-order necessary conditions. However,
the regularity restriction imposes local concavity at other possible stationary points,
ensuring that there is a unique globally optimal stationary point. Plausible restrictions
ensure that this condition is satisﬁed. For example, if p(x, t) ¼ p0(x) and p(x, t) ¼ p0(x),
then sufﬁcient for global concavity are (A) pxxx )0 and pxxx X 0, or more weakly,
(B) (d ln pxx/d ln x) þ (d ln pxx/d lnx)  3(d ln px/d lnx) X 0).]
&
Proof of Lemma 2 0
Suppose not; suppose d0 ¼ d. Then social welfare can be written
W ¼qðpðxðFh ; hÞ; hÞ  pðxðFh ; hÞ; hÞEðd;hÞÞ
ðA6Þ
þ ð1  qÞðpðxðFl ; lÞ; lÞ  pðxðFl ; lÞ; lÞðEðd;lÞ þ rcÞÞ;
where Ft ¼ r[E(lT(d;d0);t) þ ca] (with both appeal/settlement constraints necessarily
binding). To derive a contradiction, it sufﬁces to show that @W/@d040 at d0 ¼ d when r
is chosen optimally (for d0 ¼ d). To this end, note that, for d0 ¼ d,
ðA7Þ

@W=@d0 ¼ ryfgðd;hÞVh þ gðd;lÞVl ;

ðA8Þ

@W=@r ¼ ðVh þ Vl Þðy þ ca Þ  pðxl ; lÞð1  qÞc;
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where (substituting from ﬁrst-order conditions for x(  ) and Ft ¼ r(y þ ca) when
d0 ¼ d ),
Vh ¼qzh ½rðy þ ca Þ  Eðd;hÞ;

ðA9Þ

Vl ¼ð1  qÞzl ½rðy þ ca Þ  Eðd;lÞ  rc:

Observe:
Claim 1. (i) If Vl X 0, then Vh40. (ii) If Vh40, then Vlo0.
Claim 2. There is a rA(r2, r1): @W/@d0 ¼ 0 at r ¼ r and @W/@d040 for all r > r , where
r1 ¼ E(d;h)/(y þ ca)4E(d;l )/(y–cg) ¼ r2.
Claim 3. If @W/@r40 at r ¼ r (and d0 ¼ d), then any optimal prosecution rate, for
d0 ¼ d, is above r.
Proof of Claim 1. From the deﬁnitions of Vt,
Vl *0 ) rðy þ ca Þ)Eðd;lÞ þ rc < Eðd;hÞ ) Vh > 0:
Similarly,
Vh )0 ) rðy þ ca Þ*Eðd;hÞ > Eðd;lÞ þ rc ) Vl < 0:
Proof of Claim 2. First, note that r14r2 follows from y X E(d;h)4E(d;l ) þ c.
Second, because Vh40 when r X r1, @ W/@ d040 when r X r1 (by Claim 1(ii) and
equation (A7)). Likewise, with Vl ¼ 0 at r ¼ r2, @ W/@ d0o0 at r ¼ r2 (by Claim 1(i)
and (A7)). Claim 2 thus follows from continuity of @W/@d0 in r and the Intermediate
Value Theorem.
Proof of Claim 3: This follows from the above Regularity Assumption.
By Claims 2 and 3, Lemma 2 0 will follow if @ W/@ r40 at r ¼ r when condition
(A5) holds. From the deﬁnition of r (in Claim 2) and equation (A7), the following holds
at r ¼ r:
ðA10Þ

rðy þ ca Þ ¼ Eðd;hÞqnn þ ðEðd;lÞ þ rcÞð1  qnn Þ:

Rewriting @ W/@ r in (A8) and substituting from (A10),
rð@W=@rÞjr¼r ¼ zfrðy þ ca Þ  qn Eðd;hÞ  ð1  qn Þ ðEðd;lÞ þ rcÞgrðy þ ca Þ
 pðxl ; lÞ ð1  qÞrc

ðA11Þ

¼ zðqnn  qn Þ ðEðd;hÞ  Eðd;lÞ  rcÞ ðEðd;hÞqnn
þ ðEðd;lÞ þ rcÞ ð1  qnn ÞÞ  pðxl ; lÞð1  qÞrc:
Noting that condition (A5) implies that the right-hand side of (A11) is positive
completes the proof. &
Proof of Lemma 3
(i) If the h-settlement constraint is slack, then the policy change proposed in the text
(marginally lowering r and d0 so as to preserve the l ﬁrms’ expected liability
r(E(l;l ) þ ca)) will not affect h ﬁrm choices, and hence will raise welfare.
(ii) By Proposition 2 and d0 > d (Assumption 2), we have
ðA12Þ

EðlðdÞ;hÞ ¼ yð1  Gðd0 ;hÞÞ > yð1  Gðd0 ;lÞÞ ¼ EðlðdÞ;lÞ;

r The London School of Economics and Political Science 2004

2004]

FINES, APPEALS AND LIABILITY IN PUBLIC ENFORCEMENT

411

Rd
where Gðd;tÞ ¼ d gðd;tÞdd and the inequality follows from the MLRP equation (1)
(which, as noted earlier, implies the FOSD condition, Gðd;lÞ > Gðd;hÞ 8d [ðd; dÞ
By (A12), r(E(l(d );l ) þ ca)or(E(l(d );h) þ ca). Thus, with a binding h-settlement
constraint, r(E(l(d );h) þ ca) ¼ f, the l-appeal constraint is slack. &.
Proof of Proposition 3
First, note the following necessary properties of a solution to (5): (1) l(d ) ¼ lT (d;d0) for
d0 [ðd; d (by Proposition 2 and Assumption 2).
(2) f40 and d0 < d. (In order for the l-appeal constraint (5b) to hold, f ¼ 0 if and
only if d0 ¼ d. Hence, if f ¼ 0 or d0 ¼ d, (5b) holds with equality, contradicting Lemma
3(b).)
Given Lemma 3(b), Assumptions 1–2, and these two necessary properties of an
optimum, the Lagrangean function for problem (5) can be written as
ðA13Þ

Jðf ;r;d0 Þ ¼qfpðxh ;hÞ  pðxh ;hÞEðd;hÞg þ ð1  qÞfpðxl ;lÞ  pðxl ;lÞ½Eðd;lÞ þ rcg
þ lH frðEðlðdÞ;hÞ þ ca Þ  f g þ lF ðy þ ca  f Þ þ lr ðl  rÞ;

where xh ¼ x( f, h), xl ¼ x(P({lT(d;d0)},r, l ), l ), and (lH, lF, lr) are Lagrange multipliers
for the relevant constraints in (5a) and (5d). Differentiating J with respect to f and d0,
setting these derivatives equal to zero and rearranging terms gives the following
necessary conditions for an optimum:
ðA14Þ

@J
¼ 0 ) px ðxh ;hÞ  px ðxh ;hÞEðd;hÞ ¼ ðlH þ lF Þ=½qð@xðf ;hÞ=@f Þ>0
@f

ðA15Þ

@J
¼ 0 ) px ðxl ;lÞ  px ðxl ;lÞ½Eðd;lÞ þ rc
@d0


@EðlT ðd;d0 Þ;hÞ
dxðPðflT ðd;d0 Þg;r;lÞ;lÞ
ð1  qÞ
<0
¼ lH r
@d0
dd0

The inequality in (A14) follows from lH40 (Lemma 3(a)), lF X 0 and @x( f, H)/
@f40. The inequality in (A15) follows from lH40, E(lT(d;d0);h)/@d0 ¼ –yg(d0;h)o0,
and
dxðPðflT ðd;d0 Þg; r; lÞ; lÞ
@xðPðÞ; lÞ
rygðd0 ;lÞ < 0:
¼
ðA16Þ
dd0
@f
Given concavity of the functions, [p(x, t)  p(x, t)f ], (A14) implies that
xh < xðEðd;hÞ; hÞ ¼ xn ðhÞ, and (A15) implies that xl > xð½Eðd;lÞ þ rc; l Þ ¼ xnn ðlÞ. &
Proof of Lemma 4
Assume l(d ) is piecewise differentiable. (The more general proof is available from the
author.) We then have, after integrating by parts,
Z d
EflðdÞ;hg  EflðdÞ;lg ¼
l 0 ðdÞ½Gðd;lÞGðd;hÞdd*0;
d

where the inequality follows from equation (1) and monotonicity of l(d ) (l 0 X 0).

&

Proof of Corollary 1
In case (4), l ﬁrms choose to settle and h ﬁrms choose to appeal. Together, these two
choices require
ðA20Þ

f )rðEðlðdÞ;lÞ þ ca Þ)rðEðlðdÞ;hÞ þ ca Þ < f :
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The last inequality in (A20) follows from Lemma 4 and implies the contradiction,
fof. &
Proof of Corollary 2
Suppose the government sets ( f, r, l(d )) to elicit case (3). Now consider replacing f with
f 0 ¼ r(E(l;h) þ ca). Under the policy, ( f 0 , r, l(d )), h ﬁrms do not appeal and choose the
same care as under ( f, r, l(d )). Moreover, under ( f 0 , r, l(d )), l ﬁrms either do not appeal
(if E(l;l ) ¼ E(l;h)), or appeal (if E(l;l )oE(l;h)); in either case, the l ﬁrms’ care does not
change. In sum, the policy ( f 0 , r, l(d )) leads to the same care choices as does ( f, r, l(d )),
but to lower legal costs. Hence ( f, r, l(d )) is not efﬁcient. &
Proof of Lemma 5
By arguments parallel to the proof of Lemma 1 above, we have:
ðA21Þ

@EflT ðd;d0 Þ;x0 g=@x < @Efl0 ðdÞ;x0 g=@x:

Lemma 5 follows directly from (A21) and concavity (in x) of the objective function
in equation (11). &
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NOTES
1. Shavell (1995) studies a different motive for court appealsFcorrecting erroneous rulings. In
a regulatory context, Garvie and Lipman (2000) identify the potential role of court
challenges in sorting injurers; however, in contrast to the present inquiry, they focus on
challenges to regulations, rather than the on assignment of liability, and they also treat the
prospect (and consequences) of court challenges as exogenous. In a rather different context,
Rasmussen (1995) also ﬁnds that sharp (discontinuous) changes in liability, as harm
changes, can be optimal. In a model with non-stochastic (and known) harm that can vary
across defendants, Rasmussen characterizes harm-contingent penalties that trade off
beneﬁts in deterrence against costs of false convictions.
2. Many other exceptions to the Becker (1968) prescription have been developed in prior work
(see Bebchuk and Kaplow (1992) for a survey), including marginal deterrence (Mookherjee
and Png 1994), heterogeneous apprehension risk (Bebchuk and Kaplow 1992), remediation
(Heyes 1996), heterogeneous wealth, avoidance and bankruptcy costs.
3. This literature abstracts from concerns for precautionary incentives and liability design that
occupy the present paper. An exception is Spier (1994), who studies how to design a liability
rule that balances the beneﬁts of efﬁcient precaution and the beneﬁts of cost-saving
settlements, but does not consider the injurer heterogeneity (and attendant appeal
screening) or continuous damages modelled here. In emphasizing court costs, this analysis
also builds upon the costly legal process literature (see Polinsky and Rubinfeld 1996). This
literature, however, focuses on how to provide optimal incentives for plaintiff (victim) suit
for a ﬁxed and homogeneous level of injurer precaution incentive. The present paper, in
contrast, is concerned only with injurer incentive issues, as beﬁts the public enforcement
problem.
4. Milgrom (1981) shows that the MLRP holds for a wide class of distributional speciﬁcations.
5. Section III considers the situation when regulators receive a coarse signal of damage, so that
regulatory ﬁnes can depend upon the signal. For conceptual reasons, we ﬁrst consider a
simpler case with no free regulatory information. This case may also be realistic when
regulated ﬁrms can be distinguished a priori by their class of damage, with some ﬁrms in
higher ‘damage classes’ than others; for a single damage class (the relevant object of our
model), realized damage within the range of possible harms for perceptible accidents may
not be distinguishable absent either a costly regulatory inquiry or a court case. For example,
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in the case of US Superfund regulation (see Section IV), regulatory authorities have
lamented the difﬁculty of identifying a ﬁrm’s contribution to harm (Stoody 2001, p. 28),
precisely our premise here.
We assume that accidents are costlessly detected by government regulators in order to focus
the analysis on the post-accident prosecution of injurers. However, the analysis can be
interpreted to allow for imperfect accident detection: if p(x,t) is the accident probability
times the detection probability, and the damage d is actual damage divided by the detection
probability, then this paper characterizes an optimal enforcement policy for a given rate of
government detection.
The court process reveals d, but not x or t. That is, care levels are viewed as complex
combinations of precautionary measures that render their observation either impracticable
or extremely costly (see e.g. Viscusi 1989, or Rose-Ackerman 1991). For simplicity, we
assume that the assessment of regulatory ﬁnes is costless.
It might be argued that, when an accident occurs, the injurer learns something about the
damages from that particular accident. Section IV discusses this possibility. However,
without a court proceeding and investment of investigative resources, the extent of this
information, both as it relates to true underlying damage and even more as it relates to the
court’s judgment about this damage, is likely to be limited.
This ex ante view of policy determination has a couple of motivations. First, in a one-shot
game the government may be able to choose between ex ante commitment to the
parameters, ( f,r,l(d )), and ex post discretion. Under ex post discretion, sequential
rationality on the part of the government would dictate that appeals never be prosecuted,
thus saving the court costs and, given that care choices have already been made, having no
efﬁciency effects; discretion will thus lead ﬁrms to exert zero care ex ante. Ex ante
commitment, achieved via statutory regulations and budgetary commitments, will therefore
permit the achievement of higher welfare than will discretion. Second, even without explicit
ex ante commitments, the government may seek to achieve such commitments via consistent
behaviour over time, based upon which ﬁrms make conjectures on their likely fate in the
event of an accident.
Without loss of generality, y represents the ﬁrm’s asset level after the ﬁrm’s legal costs, ca,
have been paid. For simplicity, we assume that y is at least as large as expected damage, i.e.
y X E(d;h), and is independent of x, t and d. Beard (1990) considers a model in which a
ﬁrm’s ex ante care costs are deducted from a ﬁrm’s ‘no-care assets’ in order to obtain the ex
post assets available for damage payment. This paper abstracts from this possibility in order
to avoid conditioning liability on assets as a mechanism to condition liability on the ﬁrm’s ttype. This abstraction can be motivated by an ability of ﬁrms to pay out proﬁt ﬂows to their
owners (e.g. as dividends), leaving the asset level to be driven by operation requirements
rather than proﬁts.
In this analysis, the asset limit y operates only to preclude arbitrarily large liability
assessments and does not itself imply insufﬁcient incentives for the exercise of care (in
contrast to Shavell 1986, Schwartz 1985, Lewis and Sappington 2001 and others).
Speciﬁcally, y may (or may not) be larger than the maximal damage, d, thus permitting a
strict liability rule, l(d ) ¼ d.
Without loss of generality here, the legal rule can deter appeals by stipulating l(d ) ¼ y for
all d.
The government’s choice of f is subject to the non-negativity and limited liability
constraints; 0)f )y þ ca ¼ ﬁrm assets before payment of the court costs ca. Under
premises of this analysis (y4E(d;h)), these constraints do not bind in an optimum.
Without loss of generality, we assume that an injurer does not appeal if he/she is indifferent
between appeal and no-appeal. Strictly speaking, the l-agent appeal constraint should thus
be written as a strict inequality. However, under plausible conditions this constraint does
not bind at an optimum, thus validating the solution to the ‘relaxed’ government choice
problem presented here.
The ﬁne f cannot be higher than the ﬁrm’s assets before payment of the court costs, ca; i.e.
f4y þ ca.
Sufﬁcient for Assumption 1 to be valid are: limx ! 0 –px(x,t) arbitrarily large, and (ii)
bounded limits, limx ! 0 pxx(x,t) and limx ! 0 pxx(x,t). Absent these regularity
restrictions, it is conceivable that the legal costs, c, are so large that a solution to problem
(5) sets the prosecution probability, r, equal to zero. However, this degenerate case negates
our concern with the legal rule and also implies that case (1) (no appeals with f ¼ E(d;l ))
yields higher social welfare than case (2) (appeal-screening with r ¼ 0 and, per constraint
(5a), f ¼ 0).
Consider two asset levels, y0 and y14y0. If the policy, ( f0,r0, lT(d;d0)), solves problem (5)
with y ¼ y0, then the two ﬁrm types’ expected accident penalty under appeal are r0y0(1–
G(d0;t)) for t ¼ l,h. If the asset level rises to y1, the government can lower the prosecution
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rate to r1 ¼ r0y0/y1or0, and thereby preserve both ﬁrm types’ expected accident penalties
and appeal incentives. The higher asset level thus permits achievement of the same appealscreening outcomes but with lower court costs. Analogous logic implies that appeal
screening will be favoured when the difference between the two ﬁrm types’ expected
threshold liability, {G(d0;l )–G(d0;h)}, is larger.
One might argue that the premise of a two-partition signal is as restrictive as two ﬁrm types.
My point, however, is that a regulatory signal of damage may be more coarse than the
distribution of damage types.
The implication in (10) follows from Lemma 1.
In the high damage region, d [Dþ , the government can costlessly commit to a certain
probability of prosecution, rþ ¼ 1, thus deterring all appeals and avoiding any prosecution.
It is possible for two ﬁnes to confront any number of different ﬁrm types with true
expected damage; this is true e.g. if g(d;t) ¼ h(d )(1 þ ta(D–d )) for an arbitrary probability
density h(d ), a40, and D ¼ E(d;0). However, this is not true in general. For example,
low-damage (l ) ﬁrms are over-deterred at ﬁrst-best ﬁnes for the other (h and v) ﬁrms if
damage is distributed exponentially with E(d;t) ¼ 1/y(t), y(t)40; D ¼ E(d;v) (to ensure
feasibility of the ﬁrst-best ﬁnes, per Assumption 3(i)); and large ﬁrm type effects on
expected damage, E(d;v)–E(d;h) ¼ E(d;h)–E(d;l ) X 0.405E(d;v), or y(l )–y(h) ¼ y(h)  y(v) X
0.56 y(h).
If Assumption 3(iii) is reversed (so that l ﬁrms are under-deterred at ﬁrst-best ﬁnes for the h
and v ﬁrms), then the deterrence implications of Proposition 6 are also reversed: an optimal
regulatory policy, absent appeals, over-deters h ﬁrms and under-deters l and v ﬁrms.
This argument follows because (i) the MLRP holds for the conditional damage
distributions, conditioned on d [D or d [Dþ ; and therefore (ii) an analogy to Lemma 1
holds for conditional expected penalties. Hence, a move to a modiﬁed threshold rule that
preserves l ﬁrms’ conditional expected penalties raises higher damage ﬁrms’ conditional
expected penalties under appeal.
The MLRP implies FOSD, Gx(d;x)40 for all d [ð0; dÞ. For simplicity, we also assume that
the distribution function is weakly concave, Gxx(d;x)40. Results below are robust to
relaxation of the concavity premise, but proofs are more complicated.
The solution is unique due to concavity of the objective function, which in turn follows from
p00 o0, l 0 (d ) X 0 (monotonicity and piecewise differentiability of l(d )) and Gxx( )40.
The statement of enforcement costs in (12) presumes that the monitoring/penalty
assessment cost c is borne whenever any penalty (l(d )) is levied, whether positive or zero.
If damage is freely discovered and c represents a penalty assessment cost that is borne only
when positive penalties are levied (l(d )40), then enforcement costs will be lower, equalling c
times r (the probability that the penalty l(d ) is levied) times the probability that the penalty
is positive (l(d )40). In this case, the beneﬁts of threshold liability are even greater than
described here. The reason is that an expected-penalty preserving threshold rule (per
Lemma 5 below) assesses a zero penalty more frequently than its non-threshold
counterpart, yielding added savings in enforcement costs. These added savings also
motivate a higher threshold damage level beyond which bankrupting penalties are levied
(d0), exempting the ﬁrm from penalty more frequently.
Proposition 8 follows directly from the foregoing arguments. To understand the last clause,
recall (from condition (1 0 )) that gx(d;x)40 for all dodn and gx(d;x)o0 for all d4dn, for
some d n [ð0; dÞ. Hence if d0o(4)dn (contrary to Proposition 8), then raising (lowering) d0
to dn raises marginal incentives to exert care and permits a corresponding reduction in r
that just preserves care incentives; enforcement costs are thereby saved, and welfare raised.
The following is a sufﬁcient condition for low-cost (high-care) ﬁrms to be over-deterred in a
R d
R d
pure-ﬁne (no appeal) optimum: ½Gx ðD;xÞ=Gxx ðD;xÞ  ½ 0 Gx ðd;xÞdd= 0 Gxx ðd;xÞdd < 0.
For example, this condition will hold if g(  ) is exponential with E(d;x) ¼ 1/y(x), y 0 40,
y00 ¼ 0, and D42/y(l) ¼ 2E(d;l ).
Superfund enforcement raises issues not addressed in this paper, including the identiﬁcation
and penalization of multiple injurers and the importance of remediation. Nevertheless,
many of the issues raised in this paper are germane, with damages (as deﬁned here)
representing the proportionate share of site damage caused by a particular ﬁrm.
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