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Abstract

Law and enforcement policy is among the key elements of a civil
society that ensures the achievement of a higher social welfare. In this
paper, I study socially optimal law and enforcement policy making
under two different environments. In the first environment, private
externalities, an activity a person engages harms equally likely every-
one in the society. In the second environment, public externalities, it
harms the whole society. I show that social welfare function of these
two problems are the same under certain conditions. Polinsky and
Shavell [4] show that the optimal level of punishment in equilibrium is
such that expected level of punishment is less than the harm it causes.
I generalize their result to public and private externality environments
where all agents are either risk neutral or risk averse with respect to un-
certainties in harms they face. On the other hand, by allowing private
and public externality acts in the same environment, I show that even
though contribution of agents to the public harm is greater than harm
they may cause by choosing private externalities, the punishment level
of a private externality may be greater than the punishment level of
public externality if agents are sufficiently risk averse, which is differ-
ent from a result in Shavell [5]. This result shows that the distinction
between private and public externalities is important.

1 Introduction

In civil societies, there are some rules for the protection of both individuals’
and society’s interests against individuals’ or groups’ actions harming those



interests. A particular way of implementing these rules is through deterrence
by punishment. These rules, as well as the ways and levels of punishment for
rule violation are usually formed in various ways like copying and adapting
them from another society or coming up with new ways and forms through
common sense in a particular society.

In economics, beginning with Becker [1], several papers have been written
suggesting how to choose the level of punishment and the level of detection so
that it would be optimal from the law maker’s point of view. Becker [1] says
that the aim can be minimizing social cost, which consists of harms caused by
agents, costs of detection, and the costs of punishment to the criminals less
gains of criminals. Individuals and their choices are implicitly explained, and
they get utility only from consumption, and face uncertainty only because of
the possibility of getting caught. He shows that the probability of detecting
the crime should be set to minimum possible and the level of punishment
should be as high as possible, for example total wealth of an individual. His
result is based on the risk neutrality of agents. In Polinsky and Shavell [3],
they study risk averse agents as well as risk neutral agents. In their model,
an agent derives utility from his consumption. If he does not engage in
the externality creating activity then his consumption consists of his wealth
remaining from taxes and insurance premium which covers all losses due to
externalites caused by individuals’ actions in the society. If he engages in the
activity then his consumption, in addition to taxes and insurance premium
paid, will increase with his gain from the activity and will decrease with fine
paid unless he does not get caught. Externalities created is felt equally likely
by everyone in the society but if agents are risk neutral then premium paid
can also be seen as the risk they bear due to possible harms caused by others
in the society. Since Polinsky and Shavell [3] use continuum (measure one)
of people, it is possible to see their model as the one in which the whole
society faces externalities without any uncertainty, and the level of harm
they face is given by the harm a single activity causes, and the ratio of
people engaging in the activity. The objective of the law maker in Polinsky
and Shavell [3] is to maximize the total expected utility of individuals in
the society!. They show that, if individuals are risk neutral it is optimal
to set probability of detection to a minimum level below which it is not
possible to detect any crime, and optimal to set the punishment level as
high as possible which is constrained by wealth of individuals. They have

!Cooter and Ulen [2] (p. 443) suggest that the aim of the law maker should be mini-
mization of the social cost which consists of costs of protection and the net harm caused
while crime is committed.



two results when agents are risk averse. They say that these results explain
why the previous result is not realistic. The first one is that, probability of
detecting should be set to 1 when individuals are risk averse, and cost of
catching is sufficiently small. The second one is that, it may not be optimal
to set low probability to detecting, and setting the punishment levels very
high even if cost of catching is very large when individuals are risk averse.

In Polinsky and Shavell [4], the objective of the law maker is to maximize
total expected utility of individuals in the society. The expected utility of
an agent consists of gain from engaging in the activity, expected loss due to
the possibility of getting caught, expected loss due to the possibility of being
a victim of a crime, and the per capita cost of enforcement. If the agent
does not engage in the activity, then the expected utility will not include
the gain from engaging in the activity, and the expected punishment. They
show that in equlibrium, expected punishment for activity will always be
less than the harm caused by it.

In this paper I define public and private externality environments for-
mally, and find what utility functions of agents in these environments become
under certain assumptions (these assumptions greatly simplifies utility func-
tions, and make it possible to analyze models, and derive results). I also
show that these two environments are equivalent from social planner’s point
of view.



2 The Single-Act Model

A significant reason for societies to have laws and enforcement is that people
in the society fear from possible negative externalities that may be caused by
others in the society. Laws exist, of course together with the enforcement, to
achieve a socially optimal state of the world by decreasing the possibility of
individuals being hurt, i.e. by deterring agents from taking certain actions.
An agent’s utility function is w;(¢;, a;, h;) where ¢; € Ri is the consumption
plan of the individual. A state s € S is determined by the set of all offender-
sufferer pairs and the set of all offenders captured. a; € A = {ag,a} 2 is
the action taken by agent i. Agent ¢ can either choose action a that gives
pleasure to him/her and causes negative externality to others (to either one
person or to all society, depending on the type of the action), or choose
action ag that does not change anybody’s utility. The externality ¢ faces
is denoted by a random variable h;. Each realization of h; determines the
group of people harming (taking action a against) agent i. For any agent ¢,
the set of people taking action a he/she faces, i.e. the set of people of who are
likely to hurt agent 7, is denoted by N! and is defined as N! = N\ {i} where
N, is the set of people who are taking action a in the society. If the action is
public externality then h; is the same for all agents as everyone suffers from
the same externality. There is a single consumption good, and it is assumed
that utility is an increasing function of consumption. Consumption of an
agent consist of his initial endowment, and transfers made to him less per
capita cost of enforcement if he did not take any illegal action. Otherwise,
if the agent takes an illegal action and he gets caught then his consumption
is the amount of endowment, and transfers made to him remaining from
the punishment, and per capita cost of enforcement. If the agent takes an
illegal action and he does not get caught then he consumes his endowment
and transfers made to him.

2.1 Private Externalities

Private externality is a negative externality that affects any and only one
person. Property crime is a good example for that kind of externality. DWI
is another good example. In both of these examples, at any point in time,
although offender threatens every individual in the society, it will possibly

2 A stands for the set of all possible actions. The set of illegal actions will be chosen by
the law maker, and it is a subset of 4. Note that I asssume that an individual can choose
only one action at a time, as it has always been done in the literature, so multiple actions
are not allowed. An action is illegal if and only if its punishment is positive.



hurt only one individual. If actions agents take cause private externalities ,
then agent j will offend agent i by taking action a with given probability 3
m;i. Note that ),y mj; = 1 for any j. So the probability that agent i will be
offended by a group of R € N; people is (R, Ng) = [;cp mji [L1eniv (1 —
7). If N is the set of offenders agent i faces, and r of them offend agent
i, then a(p,r, k) = pF(1 — p)r=F (2) is the probability that any k of these
r people will be captured, and punished. Revenue from punishments of
these k agents then will be transferred to agent i. So cl(k’o) stands for the
consumption level of agent ¢ when he/she gets caught for taking the action
a. If the agent i takes the action ag or takes the action a but he/she does

not get caught then his/her consumption is ¢®D  Note that k stands for

i
the transfers from those k£ people who are caught after hurting agent . His
budget constraint is c\F0) + f <w; —e(p) + kf if he takes the action a, and

7

gets caught, and it is cgk’l) < w; —c(p) + kf if he takes action ag, or he takes
action a and does not get caught. In both cases agent i gets compensated by
k criminals’ punishments, kf as these are the only criminals caught among
those who hurt agent ¢. Each agent choosing action a will cause harm e.
So, given N!, the set of offenders, other than agent i himself, |R|e is the
total externality i faces when people in R C N} offend him. The subset of
offenders R agent ¢ faces, the set of agents among R caught, and whether
agent ¢ caught if he took action a determine the state agent i faces.

The expected utility function of agent ¢ will then be
|R|

Bui(ci,aihi)=p Y BR.NE)S alp,|R| kyui(c™”, ai,e|R])
RCNE k=0
(1)

|R|
+(1=p) Y BRND Y alp, IRl kil ai el R)
RCN} k=0
Note that if agent 7 takes action ag then the expected utility function
above will become
[R|
Bui(ci,aihi) = Y BRND) Y alp, |RI, k)ui(c{™, as, e|R)  (2)
RCN} k=0

as P = cgk’l) for all k.

7

3The distribution of crime is to be determined endogeneously according to ratios of
individuals who choose actions. Note that the uncertainty presented here is endogeneous.
It may be an interesting problem and may be worth studying decision making under this
type of uncertainty.



2.2 Public Externalities

Public externality is a negative externality that affects everybody in the
society. Air pollution is a good example for public externality. If actions
agents take cause public externalities then each one of these agents can cause
a harm level of ep, which will affect everybody. So the harm level agent ¢
faces is h; = ep|N,|, e.g. total level of harm.

Let a(p, Ni,r) =p"(1 — p)‘Nti'_’"('Nr‘zl') denote the probability that any r
of the |N}| people commiting crime will be caught, and punished. Revenue
from punishment of an offender is transferred to every other agent in the

(0 4 f <y — elp) + L5 i

(2
he takes the action a, and gets caught , and it is cgr’l) < w; —c(p) + 1\;{1 if
he takes action ag, or he takes action a, and does not get caught. In both
cases agent 7 gets compensated by r criminals’ punishments,%1 as these
are the only criminals caught who hurt agent ¢ together with the rest of
the society. Agent ¢ takes IN,, the number of people commiting crime, i.e.
taking action a, other than agent ¢ himself, as given. w; is the wealth of the
agent, p is the objective probability? of getting caught if an illegal action is
taken, c(p) is the per capita cost of detection ® ¢ 7 with probability p, and f
is the punishment ® for action a. The punishment f € R, is positive if the

action a is considered as illegal.

society equally. Agent’s budget constraint is ¢

“In a more general model, the probability of detection may depend on the action taken,
and it can be denoted by a function p : A — [0, 1].

5c(p) is assumed to be an increasing function of p.

5As the number of people is fixed througout the model, the cost of maintaining proba-
bility of detection p is also fixed. It may be possible to think that the cost of maintaining
probability p depends on the number of people both in the society and those commiting
acts.

"Fines criminals pay are transferred to victims. This is assumed as it makes analysis
simpler. If fines are considered as a part of the cost of enforcement then the taxes will
be nondeterministic when there are finite number of people in the society. If agents have
additively separable utility functions and they are risk neutral in consumption then this
won’t affect the optimal policy as fines paid by offender will be exactly offset by the gain
of the individuals receiving the fine revenue.

8The punishment can very well depend on the income of the agent. Then the constraint
in law maker’s problem will become 0 < f(w;) < w; where w; is agent ¢’s income level.
Whether the punishment should depend the level of income can be analyzed from the
welfare and incentive compatibility point of views.



The expected utility function of an agent is 19

Eui(ci, ai, hi) = Elui(ci, ai, ep|Na|)]
Vi | i
=p > alp, NI (el ai,ep|Nal)
r=0

|VG|

+(1-p) > alp, N rui(el™ ai,ep|Nal)
r=0

2.3 Agent’s Problem

Given the punishment level f, the probability of detection p, and the ex-
ternality level h; agent ¢ faces, action a; and the consumption plan ¢ solve
agent ¢’s problem which is

max  Fui(c;, ai, hy) (4)
a; EAc; ERi

subject to the budget constraints for each state he faces.

2.4 Equilibrium

Given the punishment level and probability of detection, equilibrium is a
sequence {c}, a}}icn of allocations and actions such that for each agent 1,
(cf,af) is a solution to his/her problem defined above. The equilibrium
utility level of an agent i is defined as v;(p, f) = Eu;(c}, al, h;) where ¢},and
a; are solutions to agent ¢’s problem given in 4.

2.5 Law Maker’s Problem

I assume that the aim of the law maker is to choose the punishment level f
for action a, and a probability of detection p so that total expected utility
of individuals in the society in equilibrium will be maximized'!. The level

Tf the utility function is linear and additively separable in its arguments then the
consumption can be discarded and the utility function can be redefined as a function of
only actions taken, the punishment level for that action, and externality of other people.

10A more general model would be to consider not total harm caused by agents but
actions of other agents separately.

"7t may be easier (or not?) to use policy maker’s problem in which the aim is to
minimize the cost of enforcement subject to a certain social welfare



of punishment!'? f for action a is constrained by the net wealth of agents,
and the probability of detection p is in [0, 1].

N
maxg Eu;(c;,a}, hy)
fr =

subject to 0 < f <w; for all i

and 0<p<1

where w; is the net wealth of individual i'® | and a; is the best response
of individual ¢ to punishment level f, and probability of detection p, and
the externality he faces, h;. It will be assumed that f is given through the

paper.

120ther types of punishments are possible too. The constraint on the wages can be
relaxed by implementing different levels of punishment on avegare life expectancy, e.g.
different levels of restrictions on freedom. The aim here would be not only punish offenders
but also to protect society if the offender is seen as a threat to the society. The tradeoff
will be solved through social welfare maximization. Nonmonetary based punishments may
be used for fairness purposes. For example, only giving ticket to high speeding may create
an incentive for wealthy people to high speed. It is worth studying this problem.

3Here it will be equal to w; — ¢(p).



3 Separable Preferences

In this problem, given the probability of detection and punishment level,
each agent faces a choice among different alternatives that causes exter-
natilities to someone in the society or to the whole society. The aim here
is to determine the set of actions which are to be treated as illegal and a
socially optimal detection and punishment levels for this set of actions. An
agent may choose not to choose any action. For simplicity, and for now
I assume that agents can choose only one action!* (other than not doing
anything), and their utility functions are additively separable and they are
risk neutral in consumption. In the next section, I will show the derivation
of objective functions used in Polinsky and Shavell [4] model. The main dif-
ferences are that I consider finite number of people model and that i make
distinguish between Private and Public externalities.

3.1 Private Externalities

Theorem 1. Assume that an agent has a utility function given in 1, and
his utility function is additively separable and he is risk neutral with respect

to uncertainties in consumption.
Then his expected utility function becomes:

Bui(ci, ai, hi) = vi(@i) = pf(a:) = c(p) +pf Y, w50 — Elhi] (5)

JENE
where v;(a;) is the utility © gets by taking action a;, and v;(ag) = 0.

Lemma 1. For any finite set of probabilities {m;};c s,

d(Ow I a-m) =1

jER
RQJ JjE leJ\R

14\When there are more than one action, and it can be assumed that the ordering of
harms caused by these actions is the same among agents. In this case, agents are generally
deterred from more harmful actions to less harmful actions. These actions may also stand
for different levels of a certain action, e.g. a factory that causes air pollution. This is
called marginal deterrence (See Stigler [6]). The aim of the law maker would be to draw a
line between illegal and legal actions, and determining levels of punishments and the level
of detection (if it is optimal to use the same enforcement for them) so that social welfare
will be maximized.



Proof. For any k, k € {1,..,]J|},
D (Mw Ioa-m)=m Y (M T a-m)

RCy JER " I€EJ\R RCINUn} J le(J\{ig H\R
+(1—m) Y, (I~ T (-m)
RCI{jn} JeER le(J\{ixH\R

= > (i~ 1 a-m)
R

RCILin} Jj€ Le(I\{ixD\R

w1 a-m) = > (I = I (1-m))

J
jer " 1cI\R e . JER T 1e(I\{j1.d2,- 0|7 —1 D\R
RCJ RCJI\{j1.d25 4|71} it

:7T|J|+1—TF‘J‘:1.

Lemma 2. For any finite set of probabilities {m;};cs,
E (_I;IRle E[\ (1-m)| R = E 7).
J €
RCJ jed
Proof. For |J| =1,
Z(_n  II -m))|R| = 1.
Ry JER T 1E\R

Assume that for |J| =k —1,

[J]
2 (0, Jamro)lRl =
For |J| =k,
D~ 1 a-=)Rl=m, > (1 = I _a-m=)R|
ATy i€R Tienn Gy CRCy TSRO e R

+(1_7Tj|1\) Z (I 7 IT (-m))|R|

] jER T le(I\{J NR
RCIN{G|} ’ AN

=i D (,-ER"J' I (1-m))

. J te(J\{ AR
RCI\{ds} 7171

+ Y (om~ 1 a-m)R

jER le(J\{Jj R
RCIN{| 1} J (CASEINIROAN

[J]—1

=75, t E 5
i=1

10



Proof of Theorem 1. First note that (z +y)" = >"_, ( )x" "y" for any integer n, and
(M@ =p)" TP r =pn Yl ! (";1)(1 —p)""17"p". By substltutlon of budget con-
straint, the expected utility functlon given in 1, by addltlve separability, and risk neutral-
ity, becomes
|R|

p > BR,N.)>  alp, Rl k) (wi —c(p) + kf — f(a:) + v(a:))

RCN} k=0

R|
Z B(R,N) Z (p, | BRI, B)(wi — e(p) + kf + v(as) — Elhi]

\ | |R|
Z IB(R Nl Z (p,|R|,k‘)(’wi—C(p)-i—kf—l—’l)(ai)) pf az Z IB(R NZ)Z (p,|R|,k‘)—E[hl]
RCN1 RCN1 k=0
IR
—(w; — e(p) +v(ar) —pflar) + S BR,N)S alp,| Rl k)(kf) - Elhi]
RCN; k=0
L
=(wi — c(p) + v(ai) — pflai)) + f Z B(R,N2) > alp, |R|, k)k — E[h]
- |R|—1
=(w; — c(p) +v(a) — pfla:)) + f > B(R,Ni)p|R| Z (p, |R| — 1, k) — E[hi]

RCN}

=(w;i — c(p) + v(as) —pf(a:)) +pf Z B(R, N,)|R| — Elhi]

=(w; — c(p) +v(a;) —pf(a;)) +pf Z i — E[hi]
=(w; — c(p) + v(a;) — pf(ai)) + pf Z i — E[hi]
=v(a;) — pf(a:) — c(p) + pf Z s — E[h]

JENI

3.1.1 Risk Neutral Agents

Corollary 1. Assume that an agent has a utility function given in 1, and
his utility function is additively separable and he is risk neutral with respect
to uncertainties in consumption and in harm he faces, the level of private
externality an agent can cause over another agent is e, and is the same for
all agents. Then his expected utility function becomes:

E’LLZ'(CZ‘, g, hl) = Ui(az) pf(az - C —€ z Tji +pf Z T ji (6)

JENE JENE

11



where v;(a;) is the utility i gets by taking action a;, and v;(ag) = 0.

Note that an agent, say ¢, will take the action which causes an externality
if and only if v;(a) > pf(a).

3.1.2 Risk Averse Agents

In previous section, I assumed that agents are risk neutral both in consump-
tion and harm they face. Now, I will study the case where agents are risk
averse in harms they face.

Corollary 2. Assume that an agent has a utility function given in 1, and
his utility function is additively separable and he is risk neutral with respecto
to uncertainties in consumption, risk averse with respect to uncertainties in
harm he faces, and the level of private externality an agent can cause over

another agent is e, and is the same for all agents.
Then his expected utility function becomes:

Bug(ci, ai, hi) = vi(a:) — pf(ai) —c(p) +pf Y mi— Y, B(R,No)hi(|Rle) (7)

JEN] RCN}

where v;(a;) is the utility i gets by taking action a;, and v;(ag) = 0.

3.2 Public Externalities

The model here is the same as the previous one except that an action taken
by an individual will affect everyone in the society.

Theorem 1. Assume that an agent has a utility function given in 3, and his
utility function is additively separable and he is risk neutral in consumption,
the level of public externality an agent can cause is ep, and is the same for
all agents. Then his expected utility function becomes:

| Nal
[N =1

Eu;i(ci, ai, hi) = vi(a;) — pflai) — c(p) + pf — hi(|[Nalep)  (8)

where vi(a;) is the utility i gets by taking action a;, vi(ag) = 0, and in
equilibrium

N INaUdih i o> pf + (ha((ING| + Dep) = hi(|Nalep)),
¢ N¢ otherwise.

12



Proof. First note that (z+y)" =2 (1)a" "y for any integer n, and Y7_o (7)(1 —

p)" T p"r = pnd Z (" 1) (1 —p)"'""p". By substltutlon of budget constraint, the
expected utility functlon given in 3, by additive separability, and risk neutrality, becomes

p‘Nj (b, INE], ) (i — efp) + 2~ fla) +v(ar))

+(1-p) NZ o, [N 1) s — efp) + L + v(an)) — Elh]

- Nzl a(p, [N )i — elp) + L+ v(ar)) — pf(a) §a<p, [N 7) — Blh
= (s — e(p) + (@) ~ pf(a) +|NZ (0 IN:P)(L) — Bk

—(w: — e(p) + (@) ~ pf(@:) lezl (9. IN:1,r)r — Elh]

= (i — elp) + v(a) ~ pf(a)) + pfwzll (9, N3]~ 1,7) ~ B[R]

= (i — efp) +vlas) ~ pF(ai)) + U'VNZ'| pf ~ Bl

=(a0) — pf ) clp) + o1 ]‘VN_‘”H — Elh]

3.2.1 Risk Neutral Agents

The model here is the same as the previous one except that an action taken
by an individual will affect everyone in the society.

Theorem 3. Assume that an agent has a utility function given in 3, and
his utility function is additively separable and he is risk neutral with respect
to uncertainties in consumption and in harm he faces, the level of public
externality an agent can cause is ep, and is the same for all agents. Then
his expected utility function becomes:

Bui(ci, ai, hi) = vi(a:) = pf(ai) = o(p) = [Nalep + {pf - (9)

where vi(a;) is the utility i gets by taking action a;, vi(ag) = 0, and in
equilibrium

N — NiU{i} ifv; > pf +ep,
¢ Ni otherwise.

13



Note that an agent, say ¢, will take the action which causes an externality
if and only if v;(a) > pf(a) + ep.

3.3 Multiplicity of Equilibria

When agents are risk averse with respect to uncertainties in harms they
face and risk neutral with respect to uncertainties in consumption, multiple
equilibria may arise. Consider the following example.

Ezample: There are two agents with distinct valuations and same con-
vex harm functions. Their valuations are sufficiently close, i.e. vy — v <
h(2) —2h(1). If vo — (h(2ep) — h(ep)) < pf < v1 — h(ep) then in one equi-
librium agent 1 is deterred while agent 2 is an offender whereas in the other
equilibrium agent 2 is deterred while agent 1 is an offender. This happens
because expected punishment is large enough to deter only one person and
not large enough to deter everybody.Convexity of harm functions guarantees
that as expected level of punishment increases, number of offenders do not
increase. Although an efficient enforcement policy is unlikely to result in an
inefficient equilibria, existence of multiple equilibria under certain policies
is likely to arise as long as valuations of agents are sufficiently close. It is
possible though to have multiple equilibria under an efficient policy if there
are agents with identical valuations.

4 Monotonicity of Harm Probabilities

This section explores how probability of being offended is affected by changes
in the number of offenders in the society and by changes in the number of
offenders an agent faces.

If the number of offenders in a society increases then addition of a new
offender will affect all other agents. The number of states an agent faces will
increase because of the addition of this new offender. On the other hand,
probability of each state (being offended by a certain number of agents)
will decrease as for a given number of offenders an agent faces, number of
offenders who are not offending that agent is increasing. It is shown below
that, in general, effect of more number states an agent faces will outweight
the effect of lower probability of facing each state, and this will cause an
agent to face a higher probability of being offended by a certain number
of agents. This obvious result has an exception. If there are high number
of offenders in the society, more precisely N — 2, then an increase in the
number offenders will not affect any agent as those two effects will cancel

14



each other and an agent will face the same probability of being offended by
a certain number of offenders.

Theorem 4. Assume that in a private externalities environment number of
offenders is Ny, 0 < N, < N —2, N > 2% Let m(r,N,) = (ﬁ)r(l —
1 )Nafr (Na

r

N—T ) denote the probability that an agent will be harmed by r of
N, offenders. Then

1. m(0,Ng) > m(0, N, + 1).
2. For Ny < N —2, w(r,Ng) < m(r,Ng+1) forr > 1.

3. For Ngy = N —2, w(r,N,) < w(r,Ng + 1) forr > 1, and n(1,N,) =
(1, Ny + 1)

Proof. If N = 2 then N, = 0 by assumption. So w(0,N,) =1 > 7(0, N, + 1) = 0. Now
assume that N > 2.

Case 1. r =0 . L Nt (N +1)
R Nat1) _ (FEp) (- ghpNatior(Ve, L\ Natl
For 0 <r< Now Sy =~ Glora- o ()~ 07 mn(mdi=)- So
7(0,Na+1) _
Er(O,N,,,)) =(1- Nl—l) <1

Case 2.1 N, < N —2

No < N—2¢0< Jetl < 1. This implies that for r > 1 = r > Jetl o (N —1)r >
No+1& (N=2)(Na+1)>(N-1D(Na+1) = (N-1)r & (FE)(ghets) > 1<
w(r,Na) < w(r, Na + 1).

Case 2.2 N, = N —2

7(1,Nq+1 w(r,No+1 a _ - —
7;1(17]@) =1, and for r > 1, 7;0“5) = (- ) () = (DA > 1

The following theorem shows that, in general, the probability of being
offended by a certain number of agents is higher than the probability of being
offended by a bigger number of agents. There cases when this is not true.
Probabilities of being not offended and being offended by only one agent are
equal when total number of offenders is very high, N — 2 to be more precise.
Moreover probability of being not offended is less than the probability of
being offended by only one agent when total number of offenders is N — 1.

Theorem 5. Assume that in a private externalities environment number of
offenders is Ny, 0 < N, < N — 1, and N > 2.16 Let n(r, N,) = (NI—I)T(I -

ﬁ)Na_" (ATT") denote the probability that an agent will be harmed by r,

r < Ng, of N, offenders. Then

15N, < N — 2 as the maximum number of people that can hurt an agent is N — 1.
6, < N —1 as the maximum number of people that can hurt an agent is N — 1.
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1. For Ny < N =2, w(r +1,N,) < n(r,N,) forr > 0.

2. For Ny = N =2, w(r +1,N,) < w(r,N,) for r > 1, and n(0,N,) =
(1, Ny).

3. For N, = N — 1, w(r+1,N,) < w(r,Ng) for r > 1, and (0, N,) <
(1, Ny).

Proof. If N = 2 then N, = 1 is the only case to consider, and 7(0,1) =0 < w(1,1) = 1.
Now assume that N > 2.

LNy _ (DD a-g) N (M) () N
7(r,Na) () (1= )NQ,T(J\LG) = (17N1—1)( 1 ) So 7T(7”—|—1,Na) <

N-—-1 N-—-1

7(r, Na) & (No — 1) < (N = 2)(r + 1) & NezN=2) < This implies that if N, < N — 2

then m(r +1,N,) < 7(r,N,) for r > 0. If N, = N — 2 then 7(r + 1, N,) < w(r, N,) for

r > 1, and 7(0, No) = 7(1, No). Finally, if N, = N — 1 then n(r + 1, Na) < w(r, Ng) for
r>1, and w(0, N,) < 7(1, Na).

O

5 Social Welfare

In this section, I will look at the social welfare of the society, and socially
optimal level of enforcement. Without loss of generality assume that if i <
J then v; < vj. For notational simplicity, I will use f for f(a),a # ag, and
v; for v;(a;), a; # ag, and assume that f > vy, where vy is the highest level
of valuation of the action in the society.

It is also assumed that an individual will not take any action if he is
indifferent between taking and not taking it. Otherwise, social planner’s
problem may not have a solution. ), ci(p) is the total cost of enforcement,
and the level of enforcement p is in [0, 1]. Individuals’ wealth are identical,
ie. w; = w foralli € {1,.., N}. The punishment level f is given, and it does
not bind budget constraint of individuals. Optimal value of probability of
detection is denoted by p*. Social welfare of the society is a function of the
level of enforcement, W(p) = > ey i Buy, > ey = 1,05 > 0for all i€
N. Eu; is the equilibrium utility level of agent . The following two theorems
are generalizations of the main theorem in Polinsky and Shavell [4] where
they show that the optimal level of punishment in equilibrium is such that
expected level of punishment is less than the harm it causes.

Theorem 6. Assume that each agent has an equal weight in a private ex-
ternalities environment social planner’s problem, and that each agent will
hurt another agent with equal probability. Then the optimal level of enforce-

ment p* is such that Np-ip*f < 3 e n (O reniun, .\ iy B(R, NEU Nps g\
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{iH)hi(|Rle) — > rcni BR, N2)hi(|R|e)) where Nyf is the set of all people

whose valuations are equal to pf.

Proof. The social welfare function WR(p) => affEu for a private externalities problem
for UJR <pf< ’UJR+1 (if such j exists) is

Whp)= > all(—ci(p) — Elhi] +pf > mi)

i€EN\Ng keNE
+ > all(ff —pf —ci(p) — B[] +pf Y mi)
1€ENg kGNﬁ
= 3 ful = Yol - Bl -t 3 of 0 Yol 3
i€Ng iEN i€ENg iEN kENE
Since a; = %, and 7, = ﬁ for all 4,5,k € N,
S afs Sl ¥ -
i€Ng iEN kEN]

Then social welfare becomes

= Z U?—Zci(P)_ZE[h

i1€Ng i1EN iEN

If 0 < pf < vf then the social welfare function is W¥#(p) = Y ien afuf —>ien afei(p)—

E[hi], and it is W (p) = =32,y oi'ci(p) for v < pf. So the social welfare function for
any p € [0,1] is
D IT ST -
i€N, i€N iEN

Now assume on the contrary that p*f > e. If p*f # v; for any j € N then a slight
decrease in p will decrease the second part of the expression without changing the first
one and this will lead to a increase in the social welfare, a contradiction to optimality of
p*. On the other hand, if p* f = v; for some j € N then a slight decrease in p will increase
the number of offenders, N,, and increase the first sum, besides the second sum, in the
equation above as p* f > e, causing the welfare to increase, a contradiction. (|

Theorem 7. Assume that each agent has equal weight in a public exter-
nalities environment social planner’s problem. Then the optimal level of

enforcement Ny ;p* f < > i n(Ri(|Ng U Ny rlep) — hi(|Nalep)) .

Proof. The social welfare function W7 (p) = 3" af Eu} for a public externalities problem
for vl < pf+ep < vl (if such j exists) is

W) = 3 o (oF —pf) — 3 afeilp) = 3 o hil|Naler) + 3 o '|N“|'f

i€Ng ieEN ieEN iEN

|Na
INI

= az vz Z az cl + pf

1ENg EN

hi(|Nalep)

1ENg iEN
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As a; = % for all 7 € N the social welfare function becomes

= Z v - Zci(P) - Zhi(\Na|eP).

i€ENg i€EN iEN

If 0 < pf +ep < vf then the social welfare function is W¥ (p) = ZN Lafvl —

2ien @ici(P) = X,y hi(|Nalep), and it is W¥(p) = = Dien O i ci(p) for vy < pf +ep.
So the social welfare function is

)= 3 of =3 alp) = 3 hilINufer).

Now assume on the contrary that p*f > e. If p*f # v; for any j € N then a slight
decrease in p will decrease the second part of the expression without changing the first
one and this will lead to a increase in the social welfare, a contradiction to optimality of
p*. On the other hand, if p* f = v; for some j € N then a slight decrease in p will increase
the number of offenders, N,, and increase the first sum, besides the second sum, in the
equation above as p* f > e, causing the welfare to increase, a contradiction. O

V stands for a partition of N, and defined as for any V¥ € V, for any
i,jEN,icVFandjecVF ifandonlyifvizvj,andforanyk:>l,ier
and j € V! if and only if v; > v;. The set of all sets of possible offenders
for various deterrence levels is V* = {U;>,; V|0 < i < |[V]} U {0}. So, for
each K € V¥, K = {i € N|v; > v for some v}, and the set of offenders is
Ny, ={i € N|v; > pf} € V* where p is the enforcement level.

Theorem 8. Social planner’s problems in a private externalities problem
with externality level e, and in a public externalities problem with the exter-
nality level ep are the same whenever the following conditions are satisfied:

1. Foralli€ N, off =al,

2. For all K € V¥, Y,y ol o T = 1l
- rora € ’ ZzENaz ZkGK\{z} ki [N|’
3. Foralli € N, UiR:UZTP—ep,

4. For all K € V*, e = ep(|N| —%ZieKcyzp).

Proof. The social welfare function WR(p) =3 alfBu for a private externalities problem
for vﬁ <pf< 'UJRH (if such j exists), No ={j + 1,7 +2,...,|N|}, is

(p) :Z%R(—Ci(l))—e > mhi+pf Y )

kEN}E keNE

EY WO pf ) e Y mat ol S )

1=j+1 kENE kEN]
R
= E az vz - pf E az CZ (6 - pf) § a; E Tki-
i€ENg iEN iEN keN]
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If 0 < pf < of then the social welfare function is WR( ) = Yien al(wf —e) —
Dien aflei(p), and it is WE(p) = — D ien aflei(p) for v¥ < pf.

The social welfare function W7 (p) = 3" of Eu} for a public externalities problem for
vf <pf+ep <vly (if such j exists), No = {j + 1,5 +2,...,|N|}, is

WEip) = > ol —pf) =) _ale(p) =) _al|Ne |3P+Zaf|‘]x]||

1€ENg iEN iEN ieEN
_ _ N _ ‘Nal
= Z az v1 pf Zal CZ | |6p pf) |N|
1ENg iEN
N,
=Y ol —ep—pf) = aici(p)+ler Y af —|Nalep] +pf‘|N‘|
i€ENg iEN i€ENg

If 0 < pf +ep < vf then the social welfare function is W (p) =N, af (vF —|Nlep) —
S ien @ici(p), and it is WP (p) = — 32,y o ci(p) for vy < pf +ep.

Hence, Wp(p) = WR(p) for any p if conditions in the statement of the theorem are
satisfied. ]

Corollary 9. Social planner’s problems in a private externalities problem
with externality level e, and in a public externalities problem with the exter-
nality level ep are the same whenever the following conditions are satisfied:

1. aﬁ:afforalleGN,

2. For all K € V¥, .y ol DokeK\{i} Thi = |‘K},
3. Foralli € N, vl =vl —ep,

4. e=ep(|N|—1).
Lemma 3. For all K € V* Y.y af ZkeK\{i} Thi = % if and only if for

m

\%
any V" e V.,y N alt Zkevm\{i} Ty = %

Proof. Suppose for any K € V* 32, v off Lker\ (i Thi = % holds. Then for K = VIV’

.
ZieNazR Zkev\V*\\{i} Thi = \V“]‘\’H ‘|7and for K = VIV Uy Ivei-1 ZieNo‘lR ZkeV\V*\uV\V*\—l\{i} Thi =
v* V*—1
%- As D ien aft ZkeV\VﬂuV'V*\*l\{z‘} Thi = DieN afi ZkeV\V*|:1\{i} 7*Tki+
\%4 V-1
ZieNakaevW*\\{i} Thi = Ziewaﬁzkevl‘/*l—l\{i} Tri + lv\‘l‘\/fll‘ _ ! IL‘J]‘\;‘l -1
implies that D, aff DokevIVEI-1\ (i) Thi = % Similarly, for V™" € V, 37 af Dkevm\ (i} Thi =

l‘\/N| ‘If” part of the proof is trivial. ]

Lemma 4. If for all k, for all i,j,i # k,j # k, i = m; then for any

R _ v R _ V"
Ve V) ien i ZkeV’”\{i} Tki = INT = Dieym @G = TNT and for
those agents who has different valuations from every other agents in the
R _ 1

society, ot = K
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Proof. For all k, for all 4,5, # k,j # k, mx; = mx; implies that myi = == for all

N-1
. . m R _ . R .
ki € N,k # i. Forany V™ € V.37, o' Do) cym (i) Thi = Z;evl\ﬁl @' D peym Thi +

k2
R RIV™| RIV™|—1 V™ R

SUUEN QD pcymyiny Thi = 90 eN Qi F DL N Qi ReT = 1 Qoien i —

ievm € \{i} v N-1 ievm N-1 A N-1 i€

1 R vm Xicym N-1 R vi . .
NT 2L iEN 0 = 7||N|| 1 — =20 = 55 = Y i = |‘N“. If ¢ has differ-

i€V

ent valuations from every other agents in the society then af = ﬁ as V™ = {v;} for
some V™ e V. O

Lemma 5. If for all k, for alli,j,i # k,j # k, my, = 7, = 7, then for any

m R R Sieymaitmi - 1
Ve V.D lien @ Dkevm\(iy Thi = INT = T Jmr = 2uien 4T [N

and if every agent has a distinct valuation in the society, ozf“m; = W

PT‘ODf. For any Vm € V’ZieN OZZR ZkeVm\{i} Tk = Zléevj\vrn a? ZkeV"" Wki+ziéevj\7]n a? Zkevm\{i} Thi =
m
Zlée‘}\[n a§|vm|wi+zié€\/]\v]n af (V™ =Dmi = [V Ciey o' mi = Yieym 0i'mi = I‘I/NII =

R
% = YN Qi — ﬁ If for all V™ € V, |[V™| = 1 then for all i € N,

QT = ZieN QT — ﬁ Adding over all 1 € N, ZieN T = INI%l’ and this shows that
1
O

foralli € N, aimi = [yvy=1y-

Note that W (v;) > W(pf) whenever v; < pf < vj+1. So, the planner
has actually N + 1 alternative expected punishment levels, including the
legalization of the action, pf = 0, to choose from.

If e < vy then it is socially optimal to legalize that action, i.e. p* =
f*=0. If w < v; for some j then it is impossible to deter any agent i for
i > j. So, w < v1 implies that it is socially optimal to legalize that action,
i.e. p* = f* = 0. Whenever all agents are identical then the optimal policy
is complete deterrence, i.e. p*f* = v, if ¢(Z) + v < e; and it is optimal to
legalize the action, i.e. p*f* =0, if ¢(;3) +v > e. It is never optimal to deter
everbody if ¥ > Nh where ¥ is the average of valuations of agents involving
in the activity.

If there is a unit measure of agents in the society, g(v) is the probability
density of people who gain utility v from the action, and agents do not
know their types, and ez ante they are identical then the expected utility of

a representative agent in a unit measure society will be

Eu(c*,a*, h) = /vg(v)dv - e/g(v)dv — c(p). (10)
pf pf

This is exactly the same objective function used in Polinsky and Shavell [4].
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Individuals do not know their types when the law and enforcement policy is
made but they learn their types before they engage in any activity.

Theorem 10. Let pj, be a solution to social planner’s problems in a private
externalities problem with externality level e, and pp be a solution in a public
externalities problem with the externality level ep. Then pf > pp if

1. forallie N, aﬁ:af,
2. foralli e N, mp; = ﬁ,
8. foralli,k € N, le:le—ep,

4. for all K € V*, e =ep(|N| — 1),
5. agents are sufficiently risk averse.

Proof. The social welfare function W (p) = 3" af Eu} for a private externalities problem
for v <pf <l (if such j exists), No = {j + 1,5 + 2,...,|N|}, is

=D _ad(=aip) = > AR N)hi(|Rle) +pf D mi)

RCN kENG

N
+ ) @@ —pf—cilp) = Y BR,N)hi(|Rle) +pf Y i)

i=j+1 RCNi kENI
=Y @' —pf) =Y ailelp)+pfYy_ail Y mi— Yy i Y B(R,Noh
1ENg iEN i1EN kEN,i 1EN Rg]\m

If0 < pf < vi* then the social welfare function is W (p) = 3>, o' (vf* ZRCW B(R, N})h;

EieNazRCi(p)v and it is W*(p) = — Dien CZ( ) for v <pf.
The social welfare function W (p) = 3" af Eu] for a public externalities problem for
’UJP <pf+4+ep< UJPH (if such j exists), No ={j + 1,7 +2,...,|N|}, is

N,
W0 = Y ol ) - Y el - Yol e
i€Ng i€EN i€EN i€EN
N,
=Y POl —ph) - Y alel +pf‘|N|' =3 @l bl Naler)
i€EN, iEN 1EN
= Zaf(vf*GP*pf)fzafcl Zafgh |N‘71)6P)+pf‘|N||
i€Ng i€N i€N

If0 < pf4ep < v then the social welfare function is W* ( ) =N, af (F —hi(|N|ep))—
> ien ici(p), and it is WP (p) = — 32,y o ci(p) for vy < pf +ep.

Hence, Wp(p) = WR(p) for any p if conditions in the statement of the theorem are
satisfied. 0
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