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Abstract

Economic models of crime have focused primarily on the gbaleterrence;
the goal of incapacitation has received much less attentidns paper adapts
the standard deterrence model to incorporate incapamitathen prison only is
used, incapacitation can result in a longer or a shorten@dtprison term com-
pared to the deterrence-only model. It is longer if therendardeterrence, and
shorter if there is overdeterrence. In contrast, when a fravailable and it is not
constrained by the offender’s wealth, the optimal prisamteés zero. Since the
fine achieves first-best deterrence, only efficient crimesammitted and hence,
there is no gain from incapacitation.
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Deterrence and I ncapacitation:
Towards a Unified Theory of Criminal Punishment

Economic models of law enforcement since Beck@68) have focused primarily on the
goal of deterrence (Polinsky and Shavell, 2000,72001uch less examined by economists has
been the incapacitation function of imprisonmemntéptions are Ehrlich (1981) and Shavell
(1987)). Yet actual law enforcement policies altreestainly combine both motives for
punishment, as reflected by the seeming “overuggtison from the perspective of deterrence
models, which prescribe the use of fines up tdithe of a defendant’s wealth before imposing
prison time. Recent three-strikes laws, which isgr an offender for life on a third offense, are
an example. (See, for example, Shepherd (2002).)

The purpose of this note is to develop an econonaidel of law enforcement that
combines the deterrence and incapacitation motorgsunishment. Analytically, this requires
adding a dynamic element to the standard BeckenstgtShavell (BPS) deterrence model,
which treats the potential offender’s decision diether or not to commit a crime as one-time.
In contrast, incapacitation envisions some offes@easrbeing habitual (undeterrable) in the sense
that they commit repeated crimes whenever freespective of the threat of punishment. In the
hybrid model, offenders are infinitely lived andtg@atially commit crimes throughout their lives,
but they may also be deterred by the threat ofgfument. In this setting, prison potentially
serves the dual functions of deterring some offenttem ever committing crimes, and
incapacitating those who do.
|. TheMode

Potential offenders have infinite life spans. g zero, they each take a random draw
of the monetary gain from committing a cringewhich is distributed by the density function

z(g) Each offender’s realizeglwill remain his “type” throughout his life. (Thusach offender



will make the same choice each time he is confibmti¢h a criminal opportunity.) Time is
continuous, and is therefore defined to be the gain per instarninoé that an offender is free
and committing crimes.

Having drawrg at time zero, an offender makes his first crimihatision instantly. If
he commits the crime, he enjoys the gaump to the time he is apprehended, ttm®nce
apprehended, he is imprisoned for a length of Braed is then released. (Below we also
consider fines as a form of punishment.) He timemediately confronts another criminal
opportunity, and the process begins again. Figultestrates the time line of events.

The apprehension technology is described as fslfolhe time until apprehension,is
a random variable with an exponential density fiamct

u(t) = pe®, (1)
wherep is the instantaneous probability of apprehensibime expected time until apprehension
is therefore equal to i/ Throughout the analysis, we trgeds fixed and focus on the optimal
level of punishment (prison term and/or fine).

A. The Offender’s Gain

We first derive the expected lifetime gain to dffender at the point that he makes his
initial crime decision. As noted, if he commitgttrime he enjoys the gagncontinuously up to
his capture at timg is imprisoned fos periods, and then is released at tire Lettingo be
the disutility of prison per unit of time, we ohtahe following net return for the offender’s first

episode of crime and punishment as a functiog aridt:

! This assumption is not essential. We could assoime that the entire gairis realized at the first instant the
offender commits the crime.

2 This formulation follows Davis (1988). It is altite approach used by Loury (1979) and Mortens@823)Lto
describe the process by which firms make technogidvances.
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wherer is the discount rate. We next compute the expgecie of this expression by
weighting it by the density function in (1) andegtating over alt. This yields the expected net

gain from the initial crime and punishment as acfion of the offender’s type:

[

Gu(9) = j{% - e‘”) - ? (e—rt _ e—r(t+s)):| pe_ptdt

0

1 [g _%5(1_@6)] 3)

p+r

As noted, the offender will repeat his commissiegision as soon as he is released over
an infinite horizon. Given time invariance, thegent value of his lifetime net gains from crime,
denoted’(g), is therefore

1

c@= -t la-P2a-em)|+ perc @

wheref(s) is the expected discount factor. It is computebdows:

p(s) = [e7 9 pePdt= = (5)
0 p+r

Substituting (5) into (4) and solving f@&(g) yields

- 1 _p_a- AT
6@ =~ -2 a-em)| ©

A potential offender will commit a crime at timerp (and at each subsequent criminal

opportunity) ifG(g)>0. Thus, those offenders for whom

g> pTéa—e"S) = §(9) @)



become career criminals (i.e., the commit crimeswever free). Note thatj/os=pse >0,

which provides the basis for the deterrence funatioprison. It will also be useful to note that

9G _ -pre"(g+9) _

0s [p@-e™)+r]? ")

Thus, as expected, increasing the length of tremprierm reduces the lifetime return from
crime, both because it imposes marginal disutilfty, but also because it deprives the offender
of the incremental gains from additional crimes.
B. The Social Cost of Crime

Now consider the cost of crime to society. Thiagists of the usual three components:
the harm suffered by victims at each instant thairainal is free and committing crimes,
denoted by; the cost per unit of time of imprisoning an offen, denoted bg;* and the cost of
enforcementk(p), which we take as fixed. As described abovehtren to victims is incurred
continuously up to the time when the offender igrapendedt, while the cost of imprisonment
is incurred front up tot+s. Further, these costs are repeated during talidiepisodes of crime
and imprisonment. The cost of enforcement, howasencurred only once. Proceeding as

above, we calculate the present value of harmipipsisonment costs:

1
p+r

C=

[h +2a- e‘“)} +B(S)C . ()
Again, substituting fop(s) from (5) and solving fo€ yields

— 1 iC _ TS
_—p(l—e‘rs)+r[h+ : L-e )] 9)

Taking the derivative of (9) with respectdgields

% The disutility of imprisonment suffered by offemsiavill also be included as a social cost in théfave function
of the hybrid model below.



oC _ pre *(c—h) (10)
0s [p(-e™)+r]*’

which is ambiguous in sign, depending on the netatnagnitudes of andh. Specifically, if
c>h, (10) is positive, and costs are minimized byisgs=0. In this case, the cost of
imprisonment is greater than the harm from crinbesaxiety is better off not imprisoning
offenders. Conversely, d<h, (10) is negative, and costs are minimized by mgg&infinite. In
this case, the cost of imprisonment is less tharhdrm from crime, so society is better off
imprisoning offenders for life after their firstfehse. This trade-off represents the economic
approach to incapacitation as studied by Shaves7)*
C. Optimal Punishment in the Hybrid Model

Social welfare in for the hybrid model consistsltd gain to offenders less the social

costs of crime, summed over those offenders whawiverimes® Formally,

W= [[G(g) -Clz(g)dg - k(p).

4a(s)
_ T 1 . plc+d) . )
_@&m[g h p 1-e )}Z(g)dg k(p) - (12)

The optimal prison term is found by maximizing (1#)h respect t®. The resulting first order

condition, assuming an interior solution, is

2 - fe(@) - c]z(g)[agj+ !("’G ‘ffj (g)dg= 0. (13)

* Shavell also considers the case where the hareedawy an offendeh, decreases over his lifetime. Thus,
assuming<h initially, the offender should be imprisoned bugén released wherrh.

® | make the usual assumption that the gains toffemder should be counted as part of social welf@ee the
discussion of this point in Polinsky and Shavelid@, p.48, note 12).



As usual, the net gain to the marginal offendehia expressior(§ ,)is zero and therefore
drops out. Substituting for tld§ / s, 6G/os, andoC/os terms from above and simplifying

yields

{h+%:(1_e_r3)}z(g)5:ﬁj(g+5+c—h)z(g)dg. (14)

(

The left-hand side of this condition is the margjaheterrence benefit of increasiggas reflected
by the savings in harm to victims plus punishmests. This term is essentially identical to that
in the standard BPS deterrence model; the onlgmdiffce is that the saved punishment costs are
in present value terms.

The right-hand side of (14) is the marginal cdshoreasings. This consists of the usual
cost of lengthening the prison term in the forntha incremental cost of imprisonmeatplus
the disutility to the offendep,. In the standard BPS model, these would be theammponents
of the marginal cost terfh.Here, however, there is an additional tegrdy, which represents the
foregone net benefits from those crimes that caneminals (i.e., those who are not deterred)
are unable to commit because they are kept inpt@ager. This reflects the incapacitation
effects of imprisonmertt. Generally, the sign of this term may be positveegative,
depending on whether the expected gain to undeteffenders is larger or smaller than the
harm they impose on victims, given optimal punishin# this term is negative, the marginal
cost of prison is reduced, making the optimal priserm longer. In this case, prison serves an
incapacitation function by reducing the amountimfet offenders have to commit further crimes,

which on average are inefficient (given tEdg|g> §(s*) )<h).

® See, for example, Polinsky and Shavell (2007)aéqn (6).

" Another way to interpret the right-hand side of)(Is thatg+d represents the marginal cost of a longer prison te
to the offender in terms of the foregone gains favzime plus the disutility of prison, while tlee-hterm represents
the social trade-off associated with incapacitation



In contrast, if this extra term is positive, thee optimal prison term should actually be
reduced compared to the pure deterrence model.réBsen for this anomalous effect is that, if
undeterred offenders on average gain more thahaire they are imposing, there is a net social
cost of keeping them in prison longer becauseet@nts them from committing further
“efficient” crimes. Taken together, the precediagults show, surprisingly, that introducing
incapacitation into the economic model of crime esult in either a higher or a lower optimal
prison sentence compared to the pure deterrencelmod
D. Fines and Prison

Now let us add fines as an additional form of pliment. Obviously, fines can have no
effect on incapacitation, but they may reduce (ioniaate) the need to rely on prison for
deterrence, in which case it can used solely foapacitation. Left be the amount of the fine,
which is imposed on an offender each time he isetgnded.

Note first that the gain to the offender has talbered to reflect the fine. Proceeding as

above, we obtain

1 — 1 _ _p_5 _ AT
G(g)—m{g pf " d-e )} (15)

as the lifetime gain from crime for an offendettyyfeg. The threshold level af above which

the offender becomes a career criminal is thus

g(f,s) = pf +pTé(1—e_rs). (16)

Social costs must also be amended to reflectitleerévenue. Again, proceeding as

above we obtain

c 1

— pC _Asy
_—p(l—e_rs)+r[h+7(l e’™) pf} (17)



as the present value of harm plus net punishmests ¢oe., the cost of imprisonment less the
expected fine revenue). The resulting expressiomwelfare is

W= [[G'(g) -Cz(g)dg-k(p)

a(f.s)

= i 1 - _p(C+5) _ A Ts _
-@([@m[g -2 a-e )}z(g)dg K(p),  (19)

where, notice, the fine revenue drops out sintenterely a transfer payment. Thus, (18) differs
from (12) only by the lower limit of integration.

The optimal punishment scheme involves chookemyds to maximize (18). The usual
result in the standard BPS deterrence model incdss is that it is never optimal to impose a
prison sentence unless the fine is constrainetiéypffender’'s wealth. The intuition is that,
since both the fine and prison are equally effectivdeterring crime, it would never be optimal
to use the costly tool (prison) until the costlessl (a fine) has been fully exhausfedhe
guestion is whether this same result holds in heith model.

To answer this question, we first derive the optifime, assuming no limit on the
offender’s wealth. Setting the derivative of (18)hwrespect td equal to zero and solving for

yields
= hip+ %(1— e™). (19)

Thus, the optimal fine equals the social cost ofiae, which consists of the harm suffered by
victims plus the present value of the expected abshprisoning the offender, both
appropriately adjusted to reflect the probabilityapprehension. In the case where the prison

term is zero, (19) reduces to the usual expredsioime optimal finef*=h/p.

8 See Polinsky and Shavell (2007, p. 411) for a rfmam@al proof.



Now differentiate (18) with respect spgivenf=f*:

ow', - pre”
as " [p-e")+r]?

[(cg-3-c+hzg)dg. (20)

a(f*9)
To determine whether a positive prison term isroptj we evaluate this derivativesstO and

check whether it is positive or negative. Notstfthatj(f*,0) = h, in which case (20) becomes

ow'

a_slf:f*,szo_

?pT(—g — 5 -c+h)z(g)dg<0, (21)

where the negative sign follows by the fact thatititegration is oveg=h. Thus, the expression
in parentheses must be negative. It follows $fa0. Intuitively, since the fine is set to achieve
optimal (first-best) deterrence, only efficientrads are committed. Thus, from an economic
perspective, there is no social gain from incapd#iciy repeat offenders. In the prison-only
formulation above, in contrast, it was possibld thare were incapacitation benefits since the
optimal prison term possibly resulted in underdetare at the optimum.

In the case where the fine is limited by the offer's wealth (i.e.w<f*), the foregoing
logic implies that a positive prison term may bsidable for purposes of incapacitation. The
trade off is the same as that for the prison-oakec

As a final point, it is interesting to note thaetconclusions from the hybrid model shed
light on the difficulty that the literature has hiadexplaining the pervasiveness of escalating
penalty schedules for repeat offenders. If deteras efficient, as in the model with both fines
and prison, then there is no reason to punish teptEaders more severely, either for purposes
of deterrence or incapacitation, because theyrefact acting efficiently. An escalating penalty

scheme can therefore only be optimal if there dendeterrence of first-time offenders.

° See, for example, Polinsky and Rubinfeld (199b)i8ky and Shavell (2000, p. 67), Shavell (200539),
Miceli and Bucci (2005), and Polinsky and Shaved(7, p. 438).
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