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satisfied:
(12) Cv =cCy.

Since, in addition, investigation allows full
use of fines, whereas monitoring does not
(Proposition 1 and Lemma 1), enforcement
costs would surely be minimized if all moni-
toring were replaced by investigation. Inves-
tigation, however, will suffice to effect the
required marginal deterrence only if all lev-

-els of the offense are adequately reported.
For instance, if the Air Quality Manage-
ment District in Los Angeles relies solely on
reports from civic-minded motorists to iden-
tify motor vehicles that emit excessive pollu-
tion, it would not be able to deter invisible
pollution. When reporting is insufficient at
some level of the offense, the regulator must
also invest resources in monitoring.

By contrast, for a manufacturer seeking
to control production-line effort, it is proba-
bly cheaper to hire supervisors than to iden-
tify shirkers by investigating reports of de-
fective products from dissatisfied customers.
Suppose that the manufacturer does not
monitor. Then, reports at all levels must be
investigated at a positive rate, and all fines
must be set to the maximum. Since monitor-
ing is cheaper, however, the manufacturer
could reduce enforcement costs by replac-
ing some investigation with a slight increase
in monitoring. These arguments motivate
the following proposition.

PROPOSITION 3: The efficient enforce-
ment policy involves monitoring at a positive
rate, u. > 0, if and only if either (a) reporting
is inadequate at some level,

(13) p(s)Y < E(s)

for some s, or (b) the direct costs of investiga-
tion are sufficiently high, c\; < cy.

Suppose that it is relatively cheaper to
enforce pollution regulations by investiga-
tion and that invisible pollution corresponds
to some s<s* (i.e., causes relatively less
harm). As argued above, if reporting of in-
visible pollution is inadequate, the regulator
must also use monitoring. Once the regula-
tor does monitor, however, he ironically will
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not investigate reports of invisible pollution
—Dbecause monitoring alone provides suf-
ficient deterrence. Further, the enforcement
policy will involve investigation with cer-
tainty at some level, that is, a(s)=1 for
some s (for otherwise, the regulator could
reduce enforcement costs by switching some
resources from monitoring toward investiga-
tion).

Faced with insufficient reporting, the pol-
lution regulator has two other alternatives.
He could try to encourage reporting and, in
this case, should focus ‘whistle-blower”
programs on those offenses for which re-
porting is weakest relative to the requisite
deterrence, that is, s at which (13) holds.
Secondly, if the inadequately reported level
of the offense is not very harmful, society
might be better off legalizing it. This will
permit the regulator to reduce enforcement
and substitute investigation for monitoring.

If the maximum permissible fine, Y, is
higher, the regulator should raise fines.
Again, this will not only allow the regulator
to reduce enforcement, but will also enable
him to switch toward a more cost-effective
method of enforcement (from monitoring to
investigation). Thus, the larger the maxi-
mum permissible fine, the closer will be the
efficient enforcement policy to Becker’s
(1968) prescription.'® Note, however, that
we assumed constant returns to both inves-
tigation and monitoring. In reality, raising
either enforcement rate from 10 percent to
20 percent is probably much less costly than
enhancing it from 90 percent to 100 per-
cent. Accordingly, the tendency toward
maximal penalties for all offenses will be
attenuated.

III. Concluding Remarks

Our model could be extended to consider
nonpecuniary penalties. Imprisonment and
other nonpecuniary penalties, however, are
not pure transfers. Hence, even in enforce-
ment by investigation, imprisonment should

195ee Mookherjee and Png (1990 section 4) for
comparative-statics results in detail. There, we show, in
addition, how the efficient mix of investigation and
monitoring varies with changes in the enforcement
costs and reporting rates.
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not be maximal at all levels of the offense.
Rather, the regulator must strike a balance
between graduating the enforcement rate
vis-a-vis the penalty.

We have asked how a regulator should
combine graduated fines (effected through
monitoring) with graduated enforcement
rates (effected through investigation) to de-
ter noise or chemical pollution at a particu-
lar site. Environmental regulators face a
second problem: how to allocate enforce-
ment resources across potential sources of
pollution. To the extent that the regulator
knows that some parties are inherently more
likely to emit toxic pollutants and to pollute
in larger volumes than others (e.g., chemical
plants vis-a-vis bakeries), allocation of ex-
penditures on monitoring can be condi-
tioned on this information.?

Suppose that the maximum pollution from
the chemical plant exceeds the maximum
pollution from the bakery. Then, applying
the Becker (1968) logic, enforcement costs
would be reduced if the regulator could fine
the bakery more than the chemical plant for
the same amount of pollution. If the regula-
tor, however, is constrained to set identical
fines across polluters for the same offense,
our results suggest that he should inspect
chemical plants more frequently than bak-
eries.

We have ignored several other factors
that are relevant when designing enforce-
ment schemes. In a setting where offenses
do not vary in severity, A. Mitchell Polinsky
and Shavell (1979) have shown that maximal
penalties are not optimal if offenders are
risk-averse. Patrick Bolton (1985) and
Mookherjee (1992) show that, under certain
circumstances, the same is true if mistakes

occur in enforcement. Errors could arise .

from false reports by victims or third par-
ties. For instance, since government investi-
gations can be very onerous, a firm may
drag down a competitor by falsely accusing
it of violating some law.?! Generally, report-

2We thank a reviewer for suggesting this issue.
Also, Suzanne Scotchmer (pers. comm.) has sug-
gested that victims will report in a way so as to maxi-
mize the likelihood of investigation and hence the
probability of recovering their property.
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ing of offenses will depend on the authori-
ties’ enforcement policy. In particular, the
more likely the authorities are to investi-
gate, the more frequently victims will re-
port.?? Future work should consider the in-
centives of victims and other related parties
to report offenses and how the authorities
can influence the rate and accuracy of such
reports.

APPENDIX

PROOF OF PROPOSITION 2:

(a) Let s* be the largest s such that
a(s) = 0. Substituting in (7), E(s*) =
wM(s*), and by (8), M(s*)= E(s*)/u<Y.
Since E(s) strictly increases with s, for all
s<s* E(s)/u<E(s*)/u<Y; hence, by
(8), M(s)=E(s)/u, and by (7), a(s)=0.
(b) Similarly, if s> s*, then E(s)/u>Y;
hence, by (8), M(s)=Y. Substituting in (7),
we have (11).

LEMMA 2: Suppose that ¢y > cy. Then, if
u >0 and M(s) <Y on a set of positive mea-
sure, an efficient enforcement policy will have
a(s)=1, for at least one s.

PROOF:

Suppose otherwise, that ¢y, >c;, u>0,
and M(s) <Y on a set of positive measure,
but a(s) <1 for all s. Consider a variation
to reduce u and raise the a(s) slightly while
preserving (7), that is,

0=[M(s)—p(s)a(s)Y]An
+(1=n)p(s)YAa(s)
or
(1=w)p(s)Aa(s)

M
=|- ;s) +p(s)a(s)|Aw.

21n the National Crime Survey for 1987, 8.1 per-
cent of all households who did not report a larceny
smaller than $50 selected ““police would not want to be
bothered” as one reason; this rate was 11.9 percent for
failures to report larcenies exceeding $50 (U.S. Depart-
ment of Justice, 1989 table 103).
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For Au <0 sufficiently close to zero, the
variation will satisfy (3) and (4).

Substituting in (2), the variation will
change the cost of enforcement by

AC = {CM - clj(‘jp(s)a(s))‘(s) ds]Au
+(1- u)clj:p(s)Aa(s))t(s)ds

_ [ /;M;”

Now, M(s)<Y on a set of positive mea-
sure; hence,

/\(s)ds}A,u,.

SM(s)
cm— € —Y—)«(s)ds>cM —c;=0
0

since ¢y, >c¢;. Since Aup <0, we conclude
that AC <0, which is a contradiction.

PROOF OF PROPOSITION 3:
Sufficiency.—(a) Suppose that p(s)Y <
E(s) at some s. Then, even if a(s)=1,
a(s)p(s)Y < E(s); hence, the authorities
must also monitor, w > 0, to meet the ex-
pected fine constraint, (7). (b) Given ¢y, <
¢, suppose otherwise that u =0. Then by
(D, E(s)=p(s)a(s)Y, for all s; hence,
a(0)=0 and a(s)>0, for all s>0. Since
u=0, we may set M(0)=0 and M(s)=Y,
for all s > 0 without loss of generality. Con-
sider a variation to raise u and reduce a(s)
for all s > 0, while preserving (7), that is,

0=[M(s)~ p(s)a(s)¥ ] Aps
+(1- p)p(s)YAa(s).

For sufficiently small Ay, the variation will
meet (3), and it also meets (4) for s > 0. The
increase in u will not affect the expected
fine at s=0 since M(0)= a(0)=0. Thus,
the variation is feasible.

Following the argument in the proof of
Lemma 2, by (2), the variation will change
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the enforcement cost by

AC = ch - clffM;s) /\(s)ds:lA/.L
0

=(cq—c)Ap

since M(s)=Y, for all s> 0. Now ¢\ <¢;
and Au > 0; hence, we conclude that AC <
0, which is a contradiction.

Necessity.—Suppose that ¢y, > c; and
(A1) p(5)Y > E(s)
for all s. Then, a policy with u =0 and
a(s)= E(s)/p(s)Y <1 would meet (7) and
be feasible. We next show that it is not
efficient to monitor. Suppose otherwise, that
u>0.

Case (i): M(s)<Y on a set of positive
measure. Then, by Lemma 2, a(s)=1, for
some s. We will show that M(s)<Y at
any s where a(s)=1. Suppose otherwise,
M(s)=Y; then,

uM(s)+(1-p)p(s)a(s)Y
=uY+(1-pn)p(s)Y
> pE(s)+(1-p)E(s) = E(s)

by Assumption 3 and (A1). Since this con-
tradicts (7), we conclude that if a(s)=1,
then M(s)<Y. Hence for all such s, we
may raise M(s) and reduce a(s) and thereby
lower the cost of enforcement while main-
taining the expected fine.

Case (ii): M(s)=Y almost everywhere.
Then, by (7),

E(s)=pY+(1=p)p(s)a(s)Y=uY>0

almost everywhere, which is a contradiction,
since E(s) is continuous at s=0 and
E0)=0.
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