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Participation in lllegitimate
Activities: An Economic Analysis

Isaac Ehrlich

University of Chicago and National Bureau of Economic Research

INTRODUCTION

Much of the search in the criminological literature for a theory explaining
participation in illegitimate activities seems to have been guided by the
predisposition that since crime is a deviant behavior, its causes must be
sought in deviant factors and circumstances determining behavior. Crim-
inal behavior has traditionally been linked to the offender’s presumed
unique motivation which, in turn, has been traced to his allegedly unique
inner structure, to the impact of exceptional social or family circum-
stances, or to both (for an overview of the literature see, e.g., Taft and
England, 1964).

Reliance on a motivation unique to the offender as a major explana-

I would like to thank Gary S. Becker, Jacob Mincer, Lawrence Fisher, Arnold Zellner,
H. Gregg Lewis, Christopher Sims, and Hans Zeisci for helpful suggestions and criticism
on earlier drafts. | have also benefited from competent assistance and suggestions from Uri
Ben-Zion and later from Walter Vandaell. This study has been supported by a grant for the
study of law and economics from the National Science Foundation to the National Bureau
of Economic Research. This essay contains, essentially, my 1973 article in the Journal of
Political Economy entitled “Participation in Illegitimate Activities: A Theoretical and
Empirical Investigation,”” supplemented by some relevant appendixes included in my
doctoral dissertation (Ehrlich, 1970).
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tion of actual crime does not, in general, render possible predictions re-
garding the outcome of objective circumstances. We are also unaware of
any persuasive empirical evidence reported in the literature in support of
theories using this approach. Our alternative point of reference, although
not necessarily incompatible, is that even if those who violate certain laws
differ systematically in various respects from those who abide by the
same laws, the former, like the latter, do respond to incentives. Rather
than resort to hypotheses regarding unique personal characteristics and
social conditions affecting respect for the law, penchant for violence,
preference for risk, or in general preference for crime, one may separate
the latter from measurable opportunities and see to what extent illegal
behavior can be explained by the effect of opportunities, given pref-
erences.

In recent years a few studies attempted to investigate the relation be-
tween crime and various measurable opportunities. For example, Fleisher
(1966) studied the relation between juvenile delinquency and variations
in income and unemployment conditions via a regression analysis, using
inter- and intracity data relating to the United States in 1960. Smigel-
Leibowitz (1965) and Ehrlich (1967) used several regression methods to
study the effect of the probability and severity of punishment on the rate
of crime across states in the United States in 1960. In his significant
theoretical contribution to the study of crime in economic terms, Becker
(1968) has developed a formal model of the decision to commit offenses
which emphasizes the relation between crime and punishment. Stigler
(1970) also approaches the determinants of the supply of offenses in
similar terms. Following these studies, and particularly my 1970 study, an
attempt is made in this paper to formulate a more comprehensive model of
the decision to engage in unlawful activities and to test it against some
available empirical evidence. My analysis goes beyond that of Becker and
other previous contributions in several ways. First, it incorporates in the
concept of opportunities both punishment and reward —costs and gains
from legitimate and illegitimate pursuits —rather than the cost of punish-
ment alone, and attempts to identify and to test the effect of their empir-
ical counterparts. Specifically, it predicts and verifies empirically a sys-
tematic association between the rate of specific crimes on the one hand,

and income inequality as well as law enforcement activity on the other.

Second, it links formally the theory of participation in illegitimate ac-
tivities with the general theory of occupational choice by presenting the
offender’s decision problem as an optimal allocation of resources under
uncertainty to competing activities both inside and outside the market
sector, rather than as a choice between mutually exclusive activities. The
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model developed can be used to predict not only the direction, but also
the relative magnitude of the response of specific offenders to changes in
various observable opportunities. In addition, the analysis distinguishes
between the deterrent and preventive effects of punishment by imprison-
ment on the rate of crime (by the latter is meant the reduction in criminal
activity due to the temporary separation of imprisoned offenders from
potential victims) and permits an empirical verification of the former
effect alone. Finally, in the context of the empirical implementation, I
analyze the interaction between offense and defense —between crime and
(collective) law-enforcement activity through police and courts—and
employ a simultaneous-equation econometric model in estimating supply-
of-offenses functions and a production function of law-enforcement
activity. The results of the empirical investigation are then used to provide
some tentative estimates of the effectiveness of law enforcement in de-
terring crime and reducing the social loss from crime.

The plan of the paperis as follows: In Section I, I develop a model of
participation in illegitimate activities and derive some behavioral im-
plications. In Section II those implications are applied in developing
supply-of-offenses functions. Section III is devoted to an econometric
specification of a simultaneous-equation model of crime and law enforce-
ment, and in Section 1V, I present and discuss the results of the empirical
investigation.

[. THE CRIMINAL PROSPECT

In spite of the diversity of activities defined as illegal, all such activities
share some common properties which form the subject matter of our ana-
lytical and empirical investigation. Any violation of the law can be
conceived of as yielding a potential increase in the offender’s pecuniary
wealth, his psychic well-being, or both. In violating the law, one also risks
a reduction in one’s wealth and well-being, for conviction entails paying a
penalty (a monetary fine, probation, the discounted value of time spent in
prison and related psychic disadvantages, net of any direct benefits
received), acquiring a criminal record (and thus reducing earning oppor-
tunities in legitimate activities), and other disadvantages. As an alternative
to violating the law one may engage in a legal wealth- or consumption-
generating activity, which may also be subject to specific risks. The net
gain in both activities is thus subject to uncertainty.

A simple model of choice between legal and illegal activity can be
formulated within the framework of the usual economic theory of choice
under uncertainty. A central hypothesis of this theory is that if, in a
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given period, the two activities were mutually exclusive, one would
choose between them by comparing the expected utility associated with
each alone.! The problem may be formulated within a more general con-
text, however, for the decision to engage in illegal activity is not inherently
an either/or choice: offenders are free to combine a number of legitimate
and illegitimate activities or to switch from one to another during any
period throughout their lifetime.? The relevant object of choice to an
offender may thus be defined more properly as his optimal activity mix:
the optimal allocation of his time and other resources to competing legal
and illegal activities.* Allowing explicitly for varying degrees of participa-
tion in illegitimate activity, we then develop behavioral implications con-
cerning entry into, and optimal participation in, such activity.

A. OPTIMAL PARTICIPATION IN ILLEGITIMATE MARKET
ACTIVITIES: A ONE-PERIOD UNCERTAINTY MODEL

For the sake of a simple yet general illustration, assume that an individual
can participate in two market activities: i, an illegal activity, and /, a legal
one, and must make a choice regarding his optimal participation in each
at the beginning of a given period. No training or other entry costs are
required in either activity, neither are there costs of movement between
the two. The returns in both activities are monotonically increasing func-
tions of working time. Activity / is safe in the sense that its net returns
are given with certainty by the function W(1,), where t denotes the time
input. Activity i is risky, however, in the sense that its net returns are

1. Such formulation is used in Ehrlich (1967) and Becker (1968), included in this
volume,

2. The standard literature on occupational choices usually assumes specialization in
a single activity, rather than multiple-job holding. An important incentive for such special-
ization arises from time dependencies generated by specific training, for wages in activities
involving training stand in some positive relation to the total amount of time previously
spent there training or learning by doing. Multiple-job holding also entails various costs of
movement between jobs that may offset potential gains due, say, to the increased returns on
time spent in each. Specialization in a single market activity may thus be optimal, at least
during periods of intensive training. Nevertheless, in the case of market activities involving
a large measure of risk, there may be an incentive for diversifying resources among several
competing activities. We propose that such an incentive exists in the case of illegitimate
activities, especially those that do not require specific training.

3. In addition, an offender’s probability of being apprehended and convicted of a
specific charge is not determined by society’s actions alone, but is modifiable through his
deliberate actions (self-protection). For an analysis of an offender’s simultaneous decision

to allocate resources to illegal and legal activities as well as to self-protection, see Appendix
2 to this section.



72 PARTICIPATION IN ILLEGITIMATE ACTIVITIES

conditional upon, say, two states of the world: a, apprehension and pun-
ishment at the end of the period, with (subjective) probability p;, and b,
escaping apprehension, with probability 1 — p;. If successful, the of-
fender reaps the entire value (pecuniary and nonpecuniary) of the output
of his illegitimate activity, net of the costs of purchased inputs (accom-
plices’ and accessories’ services), W (t,).¢ Ifapprehended and punished, his
returns are reduced by an amount Fi(s,): the discounted (pecuniary and
nonpecuniary) value of the penalty for his entire illegitimate activity and
other related losses, including the possible loss of his loot. It is assumed
that the probability of apprehension and punishment is independent of the
amount of time spent in i and /,° and that time is proportionally related to
any other direct inputs employed in the production of market returns.
The individual is assumed to behave as if he were interested in maxi-
mizing the expected utility of a one-period consumption prospect.® For

analytical convenience, let the utility in any given state of the world s,
be given by the function

Us= UX;, t.), (1.1)

where X, denotes the stock of a composite market good (including assets,
earnings within the period, and the real wealth equivalent of nonpecuniary
returns from legitimate and illegitimate activity), the command over
which is contingent upon the occurrence of state s; f. is the amount of
time devoted to consumption or nonmarket activity; and U is an indirect

4. In large measure, the pecuniary returns from crime are positively related to the
amount of transferable goods and assets and other wealth possessed by potential victims.
More important, these returns may be subject to uncertainty due in large measure to vary-
ing degrees of self-protection provided by potential victims. (For a theoretical analysis of
private self-protection, see Ehrlich and Becker, 1972.) For analytical simplicity, and in
view of the limited data available for an empirical estimation of illegitimate returns (see
Sect. 111, B), we here treat W; as a single-valued function of #;.

5. This assumption is relaxed in Appendix 2 to this section, where we have allowed p;
to be a positive function of #; {or the number of offenses committed), and a negative func-
tion of the degree of self-protection provided by the offender, which, in turn, is expected to
be positively related to 1. The behavioral implications of the more simple model are shown
to hold in this more general case, as well.

6. This may be compatible with the assumption that the individual wishes to maximize
the expected utility of his lifetime consumption, since it is possible, in general, to represent
his decision problem at any given period in terms of maximizing a derived one-period utility
function, which is explicitly a function of current variables, but which also summarizes
realized past consumption and the results of optimal decisions at relevant subsequent peri-
ods for all possible future events. For an elaborate discussion of this proposition, see Fama
(1970).
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utility function that also converts X, and 1, into consumption flows.
Denoting all earnings within the period in real terms, that is, in terms of
the composite good X, there exist under the foregoing assumptions re-
garding the earning functions in i and / only two states of the world with
respect to X. Either

Xp=W'+ Wit)+ W) (1.2)
is obtained with probability 1 — p;, or
Xo=W'+ Wit;) — Ft;) + W\(1) (1.3)

is obtained with probability p; where W' denotes the real value of the
individual’s assets (net of current earnings), including his borrowing
opportunities against earnings in future periods, and is assumed to be
known with certainty, given the state of the world in the beginning of each
period. The expected utility which is generally given by

EUMX, 1= 3 mUX,, 1) (1.4)

where 7; denotes the probability of state s, reduces in this case to
EUX, 1) = (1 — p)U(X,, 1) + p;U(X,, to). (1.4a)

The problem thus becomes that of maximizing equation (1.4a) with re-
spect to the choice variables ;, #,, and 1., subject to the wealth con-
straints given by equations (1.2) and (1.3), a time constraint,

Lh=4+1+1, (1.5)
and nonnegativity requirements,
=20, 14=20;, t.=0. (1.6)

Substituting equations (1.2) and (1.3) in equation (1.4a), the Kuhn-
Tucker first-order optimality conditions can be stated as follows:

EY _ A=0,
ar
SEU _
(T"") —0, (1.7)
t=0,

where ¢ stands for the optimal values of each of t;, t,, and t,, and A is the
marginal utility of time spent in consumption. It can easily be shown that
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given the amcunt of time allocated to consumption ¢., the optimal alloca-
tion of working time between i and /, in case of an interior solution, must
satisfy the first-order condition,

_ owi—w_ pilU(XW)
wi—fi—w, (1 —=pU'(X,)

where w; = (dW,/dt), f; = (dF,/dt;)), and w, = (dW [dt)). The term on the
left-hand side of equation (1.8) is the slope of an opportunity boundary,
the production transformation curve of the composite good X between
the two states of the world considered in this example (by condition [1.6]
it is defined only between points A and B in Figure 1), and the term on
the right is the slope of an indifference curve (defined along dU* = 0). In
an equilibrium position involving participation in both i/ and /, they must
be the same. Clearly, a necessary prerequisite for equation (1.8) is that
the potential marginal penalty, f;, exceed the differential marginal return
from illegitimate activity, w; — w;, for otherwise the marginal opportuni-
ties in i would always dominate those in /.7 The imposition of concurrent

(1.8)

7. This paraphrases and modifies a well-known argument that “‘the evil of punishment
must be made to exceed the advantage of the offense” (see Bentham, 1931, p. 325).
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imprisonment terms for several offenses committed by the same offender
is thus shown to create an incentive for offenders to specialize in illegiti-
mate activity. Equation (1.8) would be necessary and sufficient for a strict
global maximum involving participation in both i and [ if the indifference
curve 1s strictly convex to the origin (which implies diminishing marginal
utility of real wealth) and the opportunity boundary is linear or strictly
concave (which is consistent with, say, diminishing marginal wages and
constant or increasing marginal penalties).® ‘

Figure 1 and equation (1.7) can be used to analyze the range of pos-
sible combinations of illegitimate and (safe) legitimate activities. A
sufficient condition for entry into i —regardless of attitudes toward risk —
is that the absolute slope of the opportunity boundary exceed the absolute
slope of the indifference curve at the position where the total working
time is spent in legitimate activity (point B on the certainty line) or
—(w; — w)/lw; — f; — wy) > p;/(1 — p). This requires, in turn, that the
marginal expected return in i exceed that in /. For risk avoiders or risk-
neutral persons, this is also a necessary condition for entry into ¢, and its
converse would imply their specialization in /.

If the opportunity boundary were concave to the origin, as in Figure
1 (or if the probability of apprehension and punishment were a positive
function of ¢;), participation in both legitimate and illegitimate activity
may be consistent with constant or increasing marginal utility of wealth.
Assuming that the opportunities available to offenders were independent
of their attitudes toward risk, it can then be shown that a risk-neutral
offender will spend more time in illegitimate activity relative to a risk
avoider, and a risk preferrer will spend more time there relative to both.?
Moreover, if the opportunity boundary were linear (and p; were constant),

8. The second-order condition for a (strict) local maximum in this case is
A= (1= p)U"(X))w; — w)t+ p,U"(X)(w; — f; — w))?

dw;  dwy
+ (1 — p)U' (X ) — + —
(1= pJU'( b)(dt’+d,l)

d,  di
9. By equation (1.8) in an equilibrium position, —(1 — p)(w; — w)/p;(w; — f; — w,)—Z—

dw,  df, dw
w4 ”')<o. (1.8a)

+ pU(X,) (-3,—,- -

1; that is, E(wy) = (1 — pdw; + pw; — f) —z— w, as U" —Z— 0. Since the opportunity boundary

is concave to the origin, the equilibrium position of a risk preferrer must be to the left of
that of a risk neutral, and even further to the left of that of a risk avoider (i.e., closer to the
X, axis).
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offenders who are risk preferrers would necessarily specialize in illegiti-
mate activity, since the optimality conditions imply a corner solution in
this case. In contrast, offenders who are risk avoiders are likely to com-
bine a relatively safe legitimate activity with their illegitimate activity to
hedge against the relatively greater risk involved in a full-time pursuit of
the latter. Whether offenders are likely to specialize in illegitimate acitvity
thus becomes an aspect of their attitudes toward risk, as well as their rela-
tive opportunities in alternative legitimate and illegitimate activities '°
(the latter including, by definition, nonpecuniary costs and returns). Also,
whether in equilibrium crime pays in terms of expected (real) marginal
returns is simply a derivative of an offender’s attitude toward risk, since
in equilibrium the expected marginal returns from crime would exceed,
be equal to, or fall short of the marginal returns from legitimate activity,
depending on whether the offender were a risk avoider, risk neutral, or
a risk preferrer, respectively.!!

Although our model has been illustrated for two states of the world,
the analysis generally applies to n states- various combinations of con-
tingencies in legitimate and illegitimate activities. For example, if re-
turns 1n i and / are (each) subject to a single trial binomial probability dis-
tribution due to success or failure in i and employment or unemployment
in /[ throughout a given period, the necessary condition for an interior
solution with respect to the allocation of working time between i and / that
maximizes equation (1.4) becomes

(1 — p)(1 — upUg(w; — wy) + (1 — plu,Ugw;
+ pi(1 — w)UAw; — fi — w) + puUgw; — ) =10, (1.9)

where u, is the probability of unemployment in [ and q, b, c, and d are
the four relevant states of the world.?? The basic implications of the

10. At present, no reliable statistics exist which indicate to what extent crimes are
committed by full-time criminals. Studies of prisoners in federal, state, and local correc-
tional institutions in the United States show that a majority of these offenders did have
legitimate occupational experience —mainly in unskilled occupations —prior to their appre-
hension, and that only a small fraction never worked. Other available data indicate that
professional criminals are responsible for a large proportion of major thefts (see PCL, 1967
(b), p. 47).

11. A proof is given in n. 9. Some evidence as to whether crime pays in the monetary
sense alone is discussed in Appendix 2 to Section IV.

12. In deriving eq. (1.9), we have implicitly assumed that legitimate wage rates in case
of unemployment are zero. Note that losses from unemployment may be insured via market
insurance, whereas no such insurance is available against punishment for crime. This is
one reason for expecting / to be a safer activity relative to i.
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preceding analysis hold with some modifications in this more general
case as well (see Appendix 1 to this section).

The model developed in this section can be used to explain why
many offenders, even those convicted and punished, tend to repeat their
crimes. Given the offender’s opportunities and preferences, it may be
optimal for him to commit several offenses in any given period. More-
over, even if there were no systematic variations in preferences for crime
from one period to another (these may in fact intensify), an offender is
likely to repeat his illegitimate activity if the opportunities available to
him remain unchanged. Indeed, legitimate earning opportunities of con-
victed offenders may become much more scarce relative to their illegiti-
mate opportunities because of the criminal record effect and the effect
of long imprisonment terms on legitimate skills and employment oppor-
tunities. Recidivism is thus not necessarily the result of an offender’s

myopia, erratic behavior, or lack of self-control, but may rather be the
result of choice dictated by opportunities,

B. SOME BEHAVIORAL IMPLICATIONS

Equation (1.7), and, more specifically, equation (1.8) or (1.9), identify
the basic factors determining entry into and optimal participation in
illegitimate activities. We now turn to derive some comparative statics
implications associated with these factors and start by considering their
effects on the allocation of working time (z, — t.) between competing
legitimate and illegitimate activities in the market sector.

An increase in either p; or f; with no change in the other variables
entering equation (1.8) or (1.9) reduces the incentive to enter and partici-
pate in illegitimate activity because it increases the expected marginal
cost of punishment, p;fi. If an offender had a neutral attitude toward
risk, and thus were interested only in the expected value of his wealth
prospect, the magnitude of his response to a 1 per cent increase in either
p; or f; would be the same, for equal percentage changes in each of these
variables have the same effect on p;f;. Equal percentage changes in p; and
fi may have quite different effects on the expected utility from crime, how-
ever, if one has nonneutral attitudes toward risk. The deterrent effect of a
I per cent increase in the marginal or average penalty per offense can be
shown to exceed or fall short of that of a similar increase in the probability
of apprehension and punishment if the offender is a risk avoider or a risk
preferrer, respectively. Moreover, if the offender was a risk preferrer and
yet partly engaged in legitimate activity, an increase in the average
penalty per offense might not deter his participation in crime. Such partici-
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pation might even increase.!® This result is not inconsistent with an asser-
tion often made by writers on criminal behavior regarding the low, or
even positive effect of punishment on the criminal propensities of some
offenders. Such behavior is here found to be consistent with preference
for risk and need not be interpreted as evidence of an offender’s lack of
response to incentives.

Similarly, an increase in the marginal or average differential return
from illegal activity, w; — w,, resulting from an increase in (real) illegiti-
mate payoffs or a decrease in (real) legitimate wages with no change in
the other variables entering equation (1.8) or (1.9), can be shown gen-
erally to increase the incentive to enter into or allocate more time to
illegitimate activity: since the opportunity boundary in Figure 1 becomes
steeper about point B, some persons who initially specialized in legiti-
mate activity would now find it optimal to allocate some time to an illegit-
imate activity (more general proofs are given in Ehrlich, 1970, under
some restrictive assumptions rcgarding absolute risk aversion). However,
an increase in the probability of unemployment, u, (if unemployment is
viewed as an uncertain event in the beginning of a given period), has a
more ambiguous effect on the incentive to assume the greater risk in-
volved in additional illegitimate activity if offenders are risk avoiders.!4

13. The effect of a 1 per cent increase in p; on the optimal fraction of working time
allocated to i, 1 — W', w;. wy, fi, and 1, held constant —can be found, for example, by differ-
entiating eq. {1.8) with respect to In p;: (81}/ap)p; = (1A =UL0w; — f; = w)p; + Up(w; —
w)pi] = (F)/(—) < 0, where A is defined in eq. (1.8a) in n. 8. Similarly, the partial effect of
a 1 per cent increase in all the penalty rates, f;, hence in the average rate, f= (F/t;), would
be given by (3t}af)f = (AN Uipif; + Ui(wy — fi — w)pi fi¥). If U" < 0, the preceding
equation would always be negative. The result would be ambiguous, however, if U" > 0,
and would depend on opposite wealth and substitution effects. Moreover, it can easily be
verified that

* *

—%p,i—%ﬂ as U" Z 0, (1.10)
where the right-hand side of eq. (1.10) represents the effect of a 1 per cent change in either
the marginal or the average penalty for crime. This result can also be shown to apply under
some restrictive assumptions to the relative effects of probability and severity of punish-
ment on the absolute amount of time allocated to i. Moreover, it holds unambiguously for
the relative effects of these variables on the incentive to enter (or exit from) illegal activity
(proofs are given in Appendix 1 to this section). ~

14. The reason is that the increase in the probability of the least desirable state of the
world (unemployment in / and failure in i) increases the demand for wealth in this state and
might decrease the incentive to participate in i since the latter decreases the potential wealth
in this state (see Appendix 1 to this section). However, the partial effect of an increase in
14, on entry into ¢ is unambiguously positive and symmetrical to that of an increase in p,.
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A pure wealth effect may be defined as the effect of an equal pro-
portional increase in wealth in every state of the world with no change
in the probability distribution of states. Such may be the case when
legitimate and illegitimate returns increase by the same proportion, and
punishment for crime is by imprisonment (an empirical implementation
of this case is considered below in Sec. III, B). Whether the optimal
allocation of working time between i and / changes would then depend on
whether an offender has increasing or decreasing relative risk aversion.'s
Increasing relative risk aversion thus implies that the rich have a lesser
incentive to participate in crimes punishable by imprisonment relative to
the poor.

Note, finally, that a decrease in the amount of time allocated to non-
market activities (including schooling), due to a change in factors other
than those considered in the preceding analysis, is likely to generate a
positive scale effect on participation in i and /: since more time is spent
in market activities, more time would be spent in both legal and illegal
market activities, provided that the reduction in ¢, did not affect one’s
relative allocation of working time between the latter activities.

We have so far considered the effects of changes in various indicators
of the opportunities available in legitimate and illegitimate activities on
the fraction of working time allocated to these activities. The behavioral
implications of the preceding analysis would strictly apply to the absolute
level of participation in i and [ if changes in market opportunities did not
affect the demand for time in nonmarket activities due, say, to offsetting
wealth and substitution effects. This may not be true in general. For ex-
ample, wealth-compensated changes in legitimate and illegitimate oppor-
tunities generate a pure substitution effect on the demand for consump-
tion time. A partial increase in w; is then expected to increase both the
fraction of working time devoted to i as well as its absolute level, due to a
complementary scale effect on working time. In contrast, a partial in-
crease in w; would lead to a decrease in the absolute level of participation
in i only if the resulting substitution effect within the market sector ex-
ceeds an opposite scale effect on working time. This analysis shows that
the effect of compensated and even uncompensated changes in legitimate
market wages on the extent of participation in / may be lower than that of
changes in illegitimate payoffs. A further implication is that the effect of
uncompensated changes in various legitimate and illegitimate opportu-
nities on the extent of participation in illegitimate activities is generally

15. For an elaborate discussion of this result, see Ehrlich and Becker (1972).
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expected to be greater on offenders who participate in such activities on
a part-time basis than on those who specialize in such activities. To illus-
trate, if an offender specializes in i—a boundary solution obtains—his
objective opportunities will not be affected at all by small changes in
legitimate employment opportunities, and he may not respond even to
changes in illegitimate opportunities if such uncompensated changes have
no effect on the demand for consumption time.!® Thus, the extent of (ini-
tial) participation in illegitimate activity may be an important determi-
nant of the magnitude of the response of specific offenders to changes in
various market opportunities. Full-time or hard-core offenders may be
less deterred in absolute magnitude by, say, an increase in law-enforce-
ment activity, relative to part-time or occasional offenders, simply be-
cause of their greater involvement in illegitimate activity.

C. MARKET OPPORTUNITIES AND CRIMES AGAINST THE PERSON

Unlike crimes involving material gains that may be motivated largely by
the offender’s desire for self-enrichment, crimes against the person may
be motivated primarily by hate or passion: phenomena involving interde-
pendencies in utilities among individuals whereby the utility of one is
systematically affected by specific characteristics of another.'” It may
thus be appropriate to consider crimes against the person nonmarket
activities, that is, activities that directly meet needs, as distinct from
market or wealth-generating activities.

Since those who hate need not respond to incentives any differently
from those who love or are indifferent to the well-being of others, the
analysis of the preceding sections would apply, with some modifications,

16. More generally, let the total time spent in illegitimate activity be given by the
identity i = t,— ¢ — I, where i, ¢, and I denote the number of hours an offender spends in i,
¢, and [, respectively. Let the subscripts p and f distinguish between relatively part-time
and full-time offenders. By assumption, then, {; > i, and {, > I; 2 0. If a is a parameter that
improves the relative opportunities in {, the effect of an uncompensated increase in ¢ on i,
and i; will be denoted by E,, = (9i,/da)«ali,) and by E;, = (3i;/da)(ali), respectively. As-
suming, now, that the partial elasticities of / and ¢ with respect to a, oy, = —{(3//da)all)
and 0., = —(dclda)(alc), are the same for both groups of offenders, then it can easily be
shown that D = E,, = E,, = o (/i, = i) + o (c.li, — c/li) is necessarily positive if
CluZ T = 0.

17. Indeed, the empirical evidence lends support to such a proposition, for it shows
that crimes against the person, unlike crimes against property, occur most frequently among
people known to exercise close and frequent social contact and whose utilities are likely
to be interdependent. For a more elaborate discussion, see Ehrlich (1970).
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to crimes against the person as well as to crime involving material gains.
Specifically, an increase in the probability and severity of punishment
would deter crimes against the person for the same reasons it was ex-
pected to deter participation in crimes against property. Moreover, in-
dependent changes in legitimate market opportunities may also have a
systematic effect on participation in crimes against the person. For ex-
ample, given the total time spent in nonmarket activities, 7., an increase
in w, that was fully compensated by a reduction in other income would
reduce the demand for time-intensive consumption activities (for this
concept, see Becker, 1965) because of the increase in their relative costs;
some crimes against the person might fit into this category.'® In contrast to
crimes against property, however, a decrease in ¢, due to specific exoge-
nous factors is likely to produce a negative scale effect on participation in
crimes against the person simply because less time could then be spent on
all nonmarket activities, legitimate, as well as illegitimate. Accordingly,
an improvement in legitimate earning opportunities that increases the
total amount of time spent at work may reduce participation in crimes
against the person even if it did not increase the cost of such crimes rela-
tive to other nonmarket activities. Some empirical evidence pertaining to
these implications is discussed in Sec. 1V, B.

II. THE SUPPLY OF OFFENSES

A. THE BEHAVIORAL FUNCTION

Given the validity of our analysis and the behavioral implications de-
veloped in the preceding section, we may now specify a behavioral func-
tion relating a person’s actual participation in illegal activity in a given
period to its basic determinants. Because in many illegal activities crime
is comprised of discrete actions, or offenses, the dependent variable could
be generally specified in terms of the directly observable number of
offenses one commits, g, rather than as the amount of time and other re-
sources one devotes to such activities, assuming that all these variables
are monotonically related:

Gis = i Piss fiis Wiz, Wijs Ugy 75). (2.1)

18. This is likely particufarly in view of the prospect of imprisonment associated with
these crimes. If the length of incarceration, rather than the full cost of imprisonment, f;, is
held constant, as in the empirical implementation of our model, an increase in w, is likely to
increase the cost of crimes against persons relative to legitimate consumption activities.
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The argument ; is introduced in equation (2.1) to denote other variables .
that may affect the frequency of offenses committed by a specific indi-
vidual, j, in addition to those discussed in the preceding section. These
include his personal or family level of wealth, his efficiency at self-pro-
tection, the amount of private insurance provided by his family (or a
criminal organization), and other factors that may affect the demand for
time spent in nonmarket activities. In addition, the variable = includes
costs and gains in other specific illegal activities which are close substi-
tutes or complements to the illegal activity, (i).'® Finally, = accounts for
the form of the penalty: imprisonment, a fine, or a combination of the two.
The importance of this latter distinction is discussed below in Sec. I1, C.

B. THE AGGREGATE FUNCTION

If all individuals were identical, the behavioral function (2.1), except for
change in scale, could also be regarded as an aggregate supply function in
a given period of time. In general, however, none of the variables entering
(2.1) is a unique quantity, since people differ in their legitimate and illegiti-
mate earning opportunities and hence in their opportunity costs of im-
prisonment (if punishment assumes such form). Therefore, the behavioral
implications derived in Section 1 apply here for independent changes in
the level of the entire distributions of these variables, or for changes in
the mean variables within specific communities, holding all other param-
eters of the distributions constant:

Qi = WP, £, Y Yh U, Hi)9 (2-2)

where P;, F;, etc., denote the mean values of p;;, f;;, etc., and IT includes,
in addition to environmental variables, all the moments of the distributions
of p, f, etc., other than their means.

Our general expectations concerning the effect of exogenous shifts
in various opportunities on the number of offenses committed may hold
with fewer qualifications in the aggregate than in the case of individual
offenders. The aggregate supply curve of offenses can be conceived of as
the cumulative distribution of a density function showing variations
across persons with respect to the minimum expected net gain that is
sufficient to induce them to enter an illegal activity (their entry payoffs)

19. In Section I we considered the choice between single legitimate and illegitimate ac-
tivities, but the analysis could easily be extended and applied to a choice among several
competing legitimate and illegitimate activities. Participation in i might, in general, be
affected by the opportunities available in some related illegal activities, as well as in /.




ISAAC EHRLICH 83

as well as the extent of response of active offenders to changes in net
gains. Variations in entry payoffs across persons reflect different atti-
tudes toward risk (as well as different psychic net benefits if the net gain
is defined to include monetary elements only). People with preference for
risk or a penchant for violence may enter crime even when their expected
monetary gains are negative. Others, risk averters or law abiders, may
enter crime only when the expected monetary gains are very high. A
positive elasticity of the aggregate supply of offenses with respect to an
increase in net gains from an offense may thus be expected, even if all
individual supply curves were infinitely elastic —that is, if all offenders
specialized in illegitimate activity and did not respond to such change at
all - because the higher net gains would induce the entry of new offenders
into illegitimate activity.

C. THE PREVENTIVE EFFECT OF IMPRISONMENT

The set of hypotheses spelled out in Sections I, B and I, C regarding the
effect of various opportunities on individuals’, and hence the aggregate,
supply of offenses, follows from our basic thesis that offenders respond to
incentives. However, an increase in the probability and severity of punish-
ment by imprisonment might reduce the total number of offenses even in
the absence of any deterrent effect on offenders, because at least those
imprisoned are temporarily prevented from committing further crimes.
While both deterrence and prevention may serve equally well the basic
purpose of law enforcement, which is to reduce total crime, they involve
different costs. Moreover, the preventive effect of imprisonment may be
partly offset by the enhanced incentive for recidivism generated through
the possible adverse effect of imprisonment on legitimate relative to illegi-
timate skills and employment opportunities. It is therefore important (and
challenging) to establish the existence of an independent deterrent effect
of imprisonment on crime, both to verify the validity of our theory and to
determine the effectiveness of penal modes that may have a deterrent
effect only.

An estimation of the preventive effect of imprisonment can be de-
rived through the following reasoning. Suppose that offenders consti-
tuted a noncompeting group that does not respond to incentives, the
constant proportion of which § = S/N, is determined by nature, and let
punishment be imposed solely in the form of imprisonment. In this
model, where no deterrent effect of imprisonment (or other factors) is
assumed, the rate (per capita) of flow of offenses in any given period,

1 e WD he e g ———— -
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k= Q[N, would be a positive function of the rate of offenders at large
(those free to commit offenses), 8 = 6/N, or

ko= {6, (2.3)

where  is the number of offenses committed by an average offender in a
given period and is assumed to be constant. The rate of offenders at large
in the population is in turn identically equal to the rate of the offenders’
subpopulation net of the rate of those in jail, or

6,=S8,—J. (2.4)

Let the fraction of offenders apprehended and imprisoned in any period
(the probability that an offender is apprehended and jailed in ) be P, and
let the average duration of time spent in jail by each convict be T periods.
It can then be shown that in a steady state the rate of offenders in jail
would be

T
S (+g)
T=1T » for P < 1,0 (2.5)

SP
J=
1+

P d+g

where g is a constant rate of growth (per period) of both the total popula-
tion and the offender subpopulation. Substituting equations (2.5) and
(2.4) in (2.3) yields

(S S
T 1+ PT
I+p> A+

T=1

k= for g = 0. (2.6)

Since ¢, g, and § are assumed given constants, the rate of offenses com-
mitted in a steady state would be a negative function of PT, the expected

20. The number of offenders jailed in the beginning of each period is identically equal
to the total number of offenders apprehended and jailed in the preceding T periods, or

T
J, = 2 PSS — Jir).

T=1

Given that §, = Sy(1 + g) and N, = Ny(1 + g), the identity above can be expressed as a
linear difference equation of the Tth degree,

_ _ - _ T
Jo+ P +g)y U+ -+ P(1+g) T ;=P5 S (1 +g)~". (2.5a)
. 1=1
Equation (2.5) is the particular integral of eq. (2.5a). The condition P < 1 (if g = 0) can be
shown to be a sufficient condition for the general solution of (2.5a) to converge toward the
equilibrium value of its particular integral.
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length of imprisonment for an offender. In particular, the absolute value
of the elasticity of the rate of offenses per period with respect to changes
in probability and severity of imprisonment would be approximately the
same: ?!
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PT

Ok = i1 ~ T py

for g = 0. (2.7)

Clearly, o is independent of the value of { and is positively related to
PT.?? Therefore, the preventive effect of imprisonment may be relatively
small for less serious crimes. Equation (2.7) establishes the important
point that the preventive effect of P and T is in principle distinguishable
from the deterrent effect: not only is the latter compatible with, say,
arp = 1, it is also compatible with o, 2 0,5.2® The existence of a deter-

rent effect can thus be inferred from empirical estimates of the absolute
and relative values of o, and oyy.

III. AN ECONOMETRIC SPECIFICATION OF THE MODEL

A. THE SupPPLY-OF-OFFENSES EQUATION

The variables entering the behavioral function (2.1) have been generally
defined in terms of the real wealth equivalent of both monetary and
psychic elements. Since psychic elements cannot be accounted for ex-
i plicitly in an empirical investigation, it will be useful to modify equa-
tions (2.1) and (2.2) by separating quantifiable from nonquantifiable
variables. A simple form of a mean (group) supply-of-offense function

21. An increase in P may have a greater preventive effect than an equal proportional
increase in T in the short run, however, because the latter does not have any immediate
impact on the number of offenders at large, whereas an increase in P does. Indeed, that may
have led some criminologists to believe the probability of punishment to be of greater im-
Portance than severity of punishment in preventing crime (see Becker, 1968, included in
this volume, p. 9, n. 12). A comparison of the exact values of oyp and oy in eq. (2.7)
shows that a relatively greater effect of P may persist, to a limited extent, even in a steady
state, if g >0and T > 1.

22. This implies a potential variation across states in the coefficients (elasticities)
b, and b, of the regression eq. (3.2), for states with relatively higher values of PT might
have higher elasticities of offenses with respect to P and T. However, the variation in PT
of specific crimes across states is found to be quite small in practice.

23. In terms of our model (see eq. [1.10]in n. 13), oxr > owp indicates risk aversion
on the part of the average offender. Since o < oyr (see Appendix 1 to Section III, item
3), this conclusion may be strengthened if oyr > Oxp.
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which is consistent with this modification is

(%)i = PhiFpiYiuYfaUfivez,, (3.1)
where (Q/N); denotes the number of offenses of crime category i com-
mitted by the average person in a community (crime rate); F;, Y;, and Y,
are arithmetic means of the monetary components of f;, wy;, and wy; in
eq. (2.1); V' is a vector of environmental vaniables; and Z summarizes the
effect of psychic and other nonquantifiable variables on the crime rate.

To the extent that individuals’ taste for crime was either proportional
to some of the quantifiable variables affecting crime, or uncorrelated in
the natural logarithms with all the explanatory variables, it is possible
to specify a stochastic function of the form

(_1%) = APNiFbiYaiYs:UfiVe exp (1), (3.2)
i

where A4 is a constant, and u; stands for random errors of measurement
and other stochastic effects and is assumed to have a normal distribution.
In this paper we apply equation (3.2) in a cross-state regression anal-
ysis.?®

24. The mean supply-of-offenses function given by eq. (3.1) can be derived by inte-
grating individual supply-of-offenses functions of the same form if the individual elasticities
by, by, etc., are the same for all. The variables entering eq. (3.1) would then be the geo-
metric means of the corresponding variables entering eq. (2.1). However, if the density
function of, say, p; — g(pyP;)— were equal across states and homogeneous of degree minus
‘one in py and P; (the arithmetic mean), and similarly for all the explanatory variables enter-
ing eq. (2.1) then eq. (3.1) could be specified in terms of arithmetic rather than geometric
means, with an appropriate modification of the constant term Z (for proofs see Tobin, 1950,
or Chow, 1957). Note, however, that to the extent that the variation in the rate of crime
across communities is due to changes in the average offender’s participation in crime, and
not only to entry and exit of offenders, the coefficients of eq. (3.2) may vary systematically
with Q/N, as our discussion in the last paragraph of Sec. I, B indicates; the regression
equation may not, then, be strictly linear in the parameters. This problem is ignored in our
analysis.

25. The cross-state regression analysis does not control spillovers or displacement
effects due to a possible migration of individuals from one state to another in response to
differences in opportunities across states. To the extent that such effects exist, the esti-
mated coefficients associated with P,, F,;, and Y, would be overstated, while those associated
with ¥, and U would be understated, relative to their values in closed communities. We
implicitly assume, however, that there is no perfect mobility of resources across states
because of considerable costs of migration, Different states can thus be viewed essentially
as different markets.
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B. CRIME, INCOME INEQUALITY, AND AFFLUENCE

In Section I, B it was shown that the extent of individual participation
in crime, and hence the crime rate in each state, is a positive function of
the absolute differential returns from crime (Y; — Y).*¢ Information con-
cerning such monetary differential returns is at present unavailable on a
statewide basis, and alternative income opportunities cannot be esti-
mated unless one is able to identify a control group representing potential
offenders and study its alternative income prospects. The difficulty may
be met, in part, by making some plausible assumptions regarding the
occupational characteristics of activities such as robbery, burglary, and
theft, which are actually investigated in our empirical analysis. We
postulate that payoffs on such crimes depend, primarily, on the level of
transferable assets in the community, that is, on opportunities pro-
vided by potential victims of crime, and to a much lesser extent on the
offender’s education and legitimate training. The relative variation in
the average potential illegal payoff, Y;, may be approximated by the rela-
tive variation in, say, the median value of transferable goods and assets
or family income across states which we denote W.?” The preceding
postulate also implies that those in a state with legitimate returns well
below the median have greater differential returns from property crimes
and, hence, a greater incentive to participate in such crimes, relative to
those with income well above the median. The variation in the mean
legitimate opportunities available to potential offenders across states,
Y,, may therefore be approximated by that of the mean income level of
those below the state’s median. Partly because of statistical considera-
tions, we have chosen to compute the latter somewhat indirectly as the

26. The elasticity of offenses with respect to Y; need not be equal to that with respect
to Y, (see the final paragraph in Sec. I, B). We have therefore introduced both variables in
eq. (3.2) (rather than the difference ¥, — Y),), allowing for their coefficients ¢, and ¢, to be
different.

27. More precisely, the assumption is that, given the relative distribution of family
income in a state, variations in average potential payoffs on property crimes can be approxi-
mated by the variation in the level of the entire distribution. If the income distribution were
of the log-normal variety, it can be shown that variation in its level would be refiected by an
equal proportional variation in its median value. Note that the relative variation in potential
payoffs on property crimes may be an unbiased estimator of the relative variation in the
realized gross payoffs if self-protection (of property) by potential victims were proportion-
ally related to their wealth,
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percentage of families below one-half of the median income in a state,
which we denote X (income inequality).28

Since X is a measure of the relative distance between legitimate and
illegitimate opportunities, changes in W, X held constant, would amount
to equal percentage changes in the absolute wage differential, Y; — Y,.
Given the probability and severity of punishment, an increase in W might
have a positive effect on the rate of property crimes similar to that of X.
In our empirical implementation, the severity of punishment, F, is mea-
sured by the effective incarceration period of offenders, 7. If punishment
were solely by imprisonment, an increase in W, with X and T constant,
might increase Y; — Y, and F (the opportunity cost of imprisonment) by
the same proportion, and its net effect could be nil (see our discussion of
pure-wealth effects in Sec. I, B). In contrast, an increase in X would
imply in this case a decrease in both Y, and F. In practice, however, a
major proportion of offenders is punished by means other than imprison-
ment (see Ehrlich, 1970, Table 1). Consequently, we may expect the
median income level (affluence) as well as income inequality to be posi-
tively related to the incidence of property crimes. Note that an advantage
of introducing W and X in equation (3.2) in lieu of Y; — Y, is that the
former can be treated as exogenous variables, whereas the actual differ-
ential gain from crime may be a function of both the crime rate and private
expenditure on self-protection (see our discussion in footnotes 4 and 29).

28. Let the average legitimate income of those with income below and above the
average be w,, and w,. respectively. Our measure of income inequality X (originally used by
Fuchs, 1967, as an index of poverty) can be regarded as inversely related to w, /W, If
median income, W, were held constant, the effect of an increase in X on the rate of property
crimes k = Q/N would be given by oy = —dIn k/d In (w,/W) = n, + n,dIn w,/d In w,, where
N =3 In k/3 In (w,/W)and n, = -3 In k/a In (w,/W). By our assumptions 7, is much smaller
than 7,. A 1 per cent increase in X might therefore have approximately the same effect as
a | per cent decrease in legitimate opportunities available to potential offenders, or oy = 5,.
In contrast, if the income effect on the supply of malice and acts of hate were the same for
rich and poor alike, », = n, = 7, then an increase in income inequality — mean and median
income held constant—can be shown to have a positive effect on the incidence of crimes
against the person only if the income effect were negative (y > 0), for then oy = 51 —
(w,hw,)] > 0. Precisely the same result applies in reference to the impact of an increase in
X on crime through its opposing effects on self-protection by potential victims. One rea-
son for employing X rather than w, in the regression analysis is that its correlation with
W is relatively lower.




IsAAC EHRLICH 89

C. CrRIME AND LAwW ENFORCEMENT: A SIMULTANEOUS-EQUATION
MODEL

Equation (3.2) defines the rate of a specific crime category (Q/N); as a
function of a set of explanatory variables, including the probability and
severity of punishment. In general, both P and F may not be exogenous
variables, since they are determined by the public’s allocation of resources
to law-enforcement activity and, as will be argued below, by the level of
crime itself. The expenditure on law enforcement, in turn, is likely to be
affected by the rate of crime and the resulting social loss. In order to
insure consistent estimates of equation (3.2), it is desirable to construct
a simultaneous-equation model of crime and law enforcement.?®

To simplify matters, we assume that the severity of punishment is in
practice largely unaffected by the joint determination of Q/N and P.3°
Our model consists of a supply-of-offenses function, as discussed above,
a production function of direct law-enforcement activity by police and
courts, and a (public) demand function for such activity.

An increase in expenditure on police and courts, £/N, can be ex-
pected to result in a greater proportion of offenders apprehended and
convicted of crime. However, the productivity of these resources is likely
to be lower at higher levels of criminal activity because more offenders
must then be apprehended, charged, and tried in court in order to achieve
a given level of P. Thus, with a given level of expenditure devoted to
law-enforcement activity, the rate of crime and the probability of appre-

29. Simultaneous relations may also exist between the rate of crime, the average payoff
from crime, ¥;, and private self-protection against crime that can be expected to have an
adverse effect on both (see our discussion in n. 4). We do not elaborate on these relations
here because in our empirical investigation we use indirect estimates of Y; (see Sec. III, B
above) that can be considered largely exogenous to our system of equations and because
of the lack of reliable data on private self-protection.

30. Bureau of Prisons statistics from 1940, 1951, 1960, and 1964 show little variation

in the median time served in state prisons by felony offenders over the past few decades.

For example, the median time served for burglary (T,) in the United States in 1940 and
1964 was virtually identical: 20.6 and 20.1 months, respectively, even though the national
burglary rates in those 2 years (based on unpublished FBI data) were 285.6 and 630.3 per
100,000 civilian population, respectively, and the number of prisoners received from court
in federal and state institutions for the crime of burglary (based on unpublished Bureau of
Prisons data) rose from 7,434 in 1942 to 21,600 in 1962. Furthermore, there had been rel-
atively littie change in the distribution of T, across states: in 35 out of 44 states in our
sample, changes in T, between 1940 and 1964 were in the order of magnitude of =6 months,
with the number of increases approximately matching the number of declines.
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hension and punishment for crime might be negatively related, with the
causality running in an opposite direction from that predicted by our
analysis: for example, in a riot, the probability of apprehension for in-
dividual rioters, as well as for offenders committing other crimes, falls
considerably below its normal level due to the excessive load on local
police units. (This is a source of external economies in criminal activity.)
Population size and density may also be negatively related to P because
of the relative ease with which an offender could eiude the police in
densely populated areas. A natural way to summarize these relations is
via a production function of the Cobb-Douglas variety:

s @z o

with 8, > 0 and 8, < 0,3 where B is a constant, Z is a vector of environ-
mental variables (productivity indicators), and ¢ is a random variable.3?

The demand for law-enforcement activity may be viewed to be es-
sentially a negative demand for crime or, conversely, a positive demand
for defense against crime. In general, potential victims may wish to self-
protect against victimization, both privately and collectively. Our present
discussion is confined to collective self-protection via law-enforcement
activity and ignores private self-protection and other collective methods
of combating crime, since data exigencies rule out a comprehensive anal-
ysis of social defense against crime. (A theoretical analysis of self-
protection by victims is implicit, however, in Ehrlich and Becker, 1972.)
For a simple exposition, assume the following probability distribution of
losses from crime to the ith person in a given period: he has either a po-
tential real wealth /§ with probability 1 — k;, or a lower wealth, IS — L,,
with probability k;, where L, is his potential loss from crime and k, the
probability of victimization. If the number of persons in the community
were large enough, and their probabilities of victimization largely inde-
pendent, their actual per capita wealth would be known with certainty and

31. The elasticity of P with respect to Q/N, B,, is not likely to be lower than —1, how-
ever, since this would imply that, given E/N, an increase in @/N reduces the absolute num-
ber of offenses cleared by conviction, and not only their proportion among all offenses.

32. Since 0 < P < 1, the natural logarithm of P is bounded between —= and 0, and its
distribution cannot be assumed normal. Nevertheless, the normal distribution may ap-
proximate that of In P over its observed range of variation. For example, the observed mean
and standard deviation of our measures of In P of all offenses in 1960 are —3.1670 and
0.5365, respectively. Moreover, since our regression estimates are derived by method of
two-stage least-squares, they are asymptotically unbiased.
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would equal the expected personal wealth, Y =1 — kL, where

L L,
1= 3 fnand L="5—- (3.4)

ZIlQ

1 X

Effective law enforcement by police, courts, and legislative bodies is
expected to reduce the crime rate (i.e., the objective probability of vic-
timization to a person) by increasing the probability and severity of pun-
ishment for crime. In addition, such activity may also reduce the actual
loss to victims by recovering stolen property, guarding property, and
other related actions. Consequently, we may write k= k(r, j) and L=
L(r, j), where r= E[N is real per capita expenditure on direct law en-
forcement and j represents expenditure on the determination and actual
implementation of imprisonment or other punitive measures, private
expenditure on self-protection against crime, and other outlays affecting
the level of criminal activity in a state. Both A and L are assumed to have
continuous first- and second-order derivatives with respect to r, so that
k'(r) and L'(r) are negative and k"(+) and L"(r) are positive in sign. To fur-
ther simplify matters, we ignore any functional dependence between r and
j and treat j as an exogenous variable. If the public were interested in
maximizing the expected utility of the average person,®® optimal per
capita expenditure, r*, would be derived under the foregoing assumptions
by maximizing the expected personal wealth,

Y=1—k(r)L(r)—r—J, (3.5)
with respect to r. The first-order optimality condition can be written

r* = (e, + e)L(r*)k(r*), (3.6)
where e; = — k' (r*)(r*/k) and e, = —L'(r*)(r*/L) are assumed constant.

Optimal expenditure on apprehending and convicting offenders, r* =

33. Collective self-protection may be viewed as a voluntary pooling of resources by
potential victims of crime (all members of the community) to provide a common service —
decreasing the probabilities of (private) states of the world involving victimization— the
benefits of which are to be divided among all members. Maximization of the utility of an
average member would then be the appropriate decision rule. Note that the loss to a victim
of crime, even in the case of property crimes, is a net social loss, not just a transfer payment:
if criminal activity were competitive, and offenders’ risk neutral, then the potential marginal
payoff to an average offender would equal the marginal value of the foregone resources he
would devote to achieve it, including his marginal expected opportunity costs of imprison-
ment (see our analysis in Sec. I, A).
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(E/IN)*, is thus seen to be proportional to the resulting crime rate and
potential loss to a victim of crime. The latter may be forecast in practice
as the actual crime rate and the average loss to a victim. The demand
function for law-enforcement expenditure may thus be specified as

(%)* - r% L (3.7)

Equation (3.7) shows the desired level of per capita expenditure on
law enforcement in the absence of adjustment costs. In practice, one
may expect only partial adjustment of public expenditure on law en-
forcement to its desired level in a given period due to positive costs of
adjustment in a relatively short run. If the ratio of current to lagged ex-
penditure were a power function of the ratio of the desired to lagged
expenditure, the relevant demand function could be written as

E _ 1o 2)’(5 -
S =TL ( %) (%) e @, (3.8)
where 0 < y < 1 is an adjustment coefficient and € is assumed a normally
distributed random variable. Equations (3.2), (3.3), and (3.8) ** form the

structure of our simultaneous-equation model of law enforcement and
crime.*®

34. Available information regarding expenditure on police relates to fiscal years,
whereas the other variables used in the regression analysis relate to calendar years, The
appropriate forecasts of A&(r*) and L(r*) may therefore be defined as weighted geometrical
means of current and lagged crime rates and average losses. At present no data on losses
to victims of crime are available on a statewide basis, and no serious attempt has been
made to estimate eq. (3.8). Lagged crime rates are included in the reduced-form regression
equations.

35, Stability conditions associated with this system of equations require that the
product of the elasticities b, and B, in eqq. (3.2) and (3.3)—both assumed negative in
sign —does not exceed unity. This arises because when solving for the value of Q/N in
terms of reduced-form variables, lagged expenditure (E/N),.,, for example, is raised to
the power [(1 — v)b,8,}/(1 — b,B. — yb,B,). This coefficient would be negative for all pos- |
sible values of y—the simultaneous-equation system would have a stable solution —if the |
denominator were positive. A sufficient condition is b,8, < 1. Note that unlike Becker’s
optimality conditions for the minimization of the social loss from crime (see Becker, 1968,
included in this volume, pp. 14-18), our stability conditions do not require that |b,| < 1 or
that |b,| < |b,|: they do not require that in equilibrium offenders must be, on balance, risk
preferrers. Indeed, some of our empirical estimates of |b,,|, exceed those of |b,;] (see Sec.

IV below).
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IV. ANALYSIS OF CRIME VARIATIONS ACROSS STATES
IN THE UNITED STATES

We have applied the economic and econometric framework developed in
the preceding sections in a regression analysis of variations of index
crimes across U.S. states in 1960, 1950, and 1940.3¢ A short description
of the variables used in the empirical investigation as counterparts of the
theoretical constructs entering equations (3.2), (3.3), and (3.8) are given
in Table 1, and the interested reader is referred to Appendix 1 to Section

TABLE 1
LI1ST OF VARIABLES USED IN REGRESSION ANALYSIS

(g) , (gl) = current and 1-year lagged crime rate: the number of offenses

NIEANZ e fnown per capita

(g) =P, = estimator of probabihty of apprehension and imprisonment: the

Q/i number of offenders imprisoned per offenses known

7, = average time served by offenders in state prisons

w = median income of families

X = percentage of families below one-half of median income

NW = percentage of nonwhites in the population

Alaag = percentage of all males in the age group 14-24

U,4-24, U3ss-33= unemployment rate of civilian urban males ages 14-24 and 35-39

Lig—as = labor-force participation rate for civilian urban males ages 14-24

Ed = mean number of years of schooling of population 25 years oid
and over

SMSA = percentage of population in standard metropolitan statistical
areas

E (E . . .

N (}—V->H == per capita expenditure on police in fiscal 1960, 1959

M = number of males per 100 females

D = dummy variable distinguishing northern from southern states
(south=1)

NOTE. —~ Variables are time- and state-specific; i denotes a specific crime
category.

36. Due to data exigencies, the empirical investigation deals with only seven felony
offenses (index crimes) punishable by imprisonment. The data regarding (and definitions of)
these crimes are available in the Uniform Crime Reports of the FBI. Samples from 1960
include 47 state observations and those from 1950 include 46, The 1940 sample sizes vary
between 36 and 43, !

s A =

P
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I11 for a more elaborate analysis and discussion of this list. Since data on
police expenditure across states are available for 1960, but not for 1950
and 1940, crime statistics relating to earlier decennial years are used only
to derive ordinary-least-squares (OLS) estimates of supply-of-offenses
functions. Data from 1960 are also used to derive two-stage least-squares
(2SLS) and seemingly unrelated (SUR) estimates of supply-of-offenses
functions and a production function of law-enforcement activity.

A. SuprPLY-OF-OFFENSES FUNCTIONS: THE EFFECT OF PROBABILITY
AND SEVERITY OF PUNISHMENT, INCOME AND INCOME
INEQuUALITY, AND RaciAL COMPOSITION

Despite the shortcomings of the data and the crude estimates of some of
the desired variables (see Appendix 1 to Section 11I), the results of the
regression analysis lend credibility to the basic hypotheses of the model.
The major consistent findings are:

1. The rate of specific crime categories, with virtually no exception,
varies inversely with estimates of the probability of apprehension and
punishment by imprisonment, P = C/Q, and with the average length of
time served in state prisons, T.

2. Crimes against property (robbery, burglary, larceny, and auto
theft) are also found to vary positively with the percentage of families
below one-half of the median income (income inequality), X, and with the
median income, W; in contrast. these variables are found to have rela-
tively lower effects on the incidence of crimes against the person, par-
ticularly murder and rape. Also, the regression coefficients associated
with X and W have relatively high standard errors in the case of crimes
against the person.

3. All specific crime rates appear to be positively related to the per-
centage of nonwhites in the population, NW. (For the reasons for in-
cluding this, and other demographic variables, see Appendix 1 to Sec-
tion 1I1.) These findings hold consistently across samples from 1960,
1950, and 1940, independently of the regression technique employed or
the specific set of (additional) variables introduced in the regression
analysis. We therefore present them separately from other results.3”

37. The FBI's estimates of crime rates across states in 1950 and 1940 relate to urban
areas, whereas no such data are available in 1960. Also, our estimates of income inequality
in 1940 are derived from a sample of wage and salary workers, whereas in 1960 they are
derived from a census of family income. Because of these differences we have not integrated
the three samples for a more comprehensive regression analysis. Also, the point estimates
of the regression coefficients are not exactly comparable across the different samples.
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OLS ESTIMATES

Tables 2 and 3 present a summary of weighted OLS estimates of elastici-
ties associated with P, T, W, X, and NW. The regression equation used
is a natural logarithmic transformation of equation (3.2):

ln(g> =a+b,,-lnP,~+b2,-ln T;-I-Cu]n 1%
1

N
+eyInX+eyIn NW 4+ ;38 (4.1)

with the weighting factor being the square root of the population size.%
The OLS estimates of the elasticity of offenses with respect to P, and

T,, by, and b, respectively, are generally lower than unity in absolute
value. Also, the difference |b,;| — |b,;| exceeds twice its standard error in
regressions dealing with murder, rape, and robbery, while the converse
holds in the case of burglary in 1960. However, estimates of b,;are likely
to be biased in a negative direction relative to those of b,; (provided that
the true absolute values of b;; were lower than unity) because of a po-
tential negative correlation between (Q/N); and P, = (C/Q); arising from
errors of measurement in Q;* (see our discussion in Appendix 1 to
Section I11I). In addition, the OLS estimates of b,; and b,; may be subject
to a simultaneous-equation bias. More reliable estimates are therefore
provided by our simultaneous-equation estimation methods.

The estimated elasticities of specific crimes against property with
respect to both W and X, ¢,; and é,;, respectively, are positive, statistically

38. When grouping specific crime categories in broader classes, the probability and
severily of punishment, P, and T,, were measured as weighted averages of the P's and T"'s
associated with the single categories:

9 [’ I [
p,= (; c)/ (,2 0)and T,=3 cT./3 c.
= =] je=] f=1
It should be pointed out that the coefficient by, in eqq. (4.1) and (4.3) below is expected to be
lower than b,; in eq. (3.2) by a positive constant factor (see our discussion in Appendix 1
to Section 111, item 3).

39. A residual analysis of unweighted regressions generally showed a negative correla-
tion between the absolute value of estimated residuals and the population size. This ap-
parent heteroscedasticity is consistent with the assumption that unspecified random
variables which affect participation in crime are homoscedastic at the individual level.
Thus, VN may be an appropriate weighting factor.

40. Since the variances of errors of measurement in Q, are likely to be greater in
1950 and 1940 than in 1960, the bias in the difference between b,; and b,; is likely to be rela-
tively large in regressions using data from the former 2 years. Indeed, this may explain why
the differences |by| —|by| in regressions concerning burglary and larceny in 1960 are
positive and significant, while in 1940 they are negative but insignificant.
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TABLE 2

OLS (WEIGHTED) REGRESSION ESTIMATES OF COEFFICIENTS ASSOCIATED WITH

SELECTED VARIABLES IN 1960, 1950, AND 1940: CRIMES AGAINST THE
PERSON AND ALL OFFENSES (DEPENDENT VARIABLES ARE SPECIFIC

CRIME RATES)

Estimated Coefficients Associated with Selected Variables

Offense a In- b, with b, with ¢, with ¢, with e, with  Adj.
and Year tercept In P; In T, Inw In X In NW R?

Murder:

1960 —0.6644* —0.3407 ~0.1396° 0.4165% 1.36372 0.5532 .8687

1950 —0.7682* ~-0.5903 —0.2878 0.6095° 1.9386 0.4759 .8155
Rape:

1960°® —7.38022 —0.5783 —0.1880% 1.2220 0.89422 0.1544 .6858
Assault:

1960 —-13.2994 —0.2750 —-0.1797® 20940 1.4697 0.6771 8282

1950 —-0.7139* —-0.4791 —0.3839 0.5641° 0.9136® 0.5526 .8566

1940 —0.2891 —0.4239 —0.6036 0.7274® 0.5484> 0.7298 .8381
Murder and rape:

1960° —~1.8117 —0.5787 —0.2867 0.6773°% 09456 0.3277 .6948
Murder and
assault:

1950°" 1.09512 —0.7614 —0.3856 0.3982% 1.16897 0.428]1 .8783
Crimes against
persons:

1960°® —4.15712 —0.5498 —0.3487 1.0458 0.9145 0.4897 .8758
All offenses: .

1960 —7.1657 —0.5255 -—~0.5854 2.0651 1.8013 0.2071 .6950

1950 —1.50812 —0.5664 —0.4740 1.3456 19399 0.1051 .6592

1940 —5.2711 —0.6530 —0.2892 2.2658 0.1386 .6650

0.5986

NoTE. ~The absolute values of all regression coefficients in Tables 2 and 3, except those
marked 2, are at least twice those of their standard errors; ® indicates regressions in which the
absolute difference (b, — b,) is at least twice the value of the relevant standard error $(b, — b,).
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TABLE 3
OLS (WEIGHTED) REGRESSION ESTIMATES OF COEFFICIENTS ASSOCIATED WITH
SELECTED VARIABLES IN 1960, 1950, aAND 1940: CRIMES AGAINST PROPERTY

(DEPENDENT VARIABLES ARE SpeciFic CRIME RATES)
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Estimated Coefficients Associated with Selected Variables

Offense a In- b, with b, with ¢, with ¢, with ¢, with Adi.
and Year tercept In P, In T, in W In X In NW R?
Robbery:
1960°® -20.1910 —0.8534 -—0.22332 29086 1.8409 0.3764 . .8014
1950°® -10.2794 —0.9389 -0.5610 1.7278 0.4798 0.3282 .7839
1940 —10.2943 —0.9473 —0.19122 1.6608 0.7222 0.3408 .8219
Burglary:
1960° —5.5700@ —0.5339 -—0.9001 1.7973 2.0452 0.2269 .6713
1950 —1.0519® —0.4102 —0.4689 1.1891 1.8697 0.1358 .4933
1940 —0.65312 —0.4607 —0.2698 0.83272 1.6939 0.1147 .3963
Larceny:
1960 —14.9431 —0.1331 -—0.2630 2.6893 1.6207 0.1315 .5222
1950 —4.2857= —0.3477 -—0.4301 1.9784 3.3134 —0.0342° .5819
1940 —10.6198 —0.4131 —0.1680° 0.6186 3.737t 0.0499° .6953
Auto theft: .
1960 —17.3057 —0.2474 ~—0.1743* 2.8931 1.8981 0.1152 .6948
Burglary and
robbery:
1960 -9.2683 —0.6243 -—0.6883 2.1598 2.1156 0.2565 .7336
1950 —3.03552 —0.5493 -—0.4879 1.3624 1.6066 0.1854 .5590
Larceny and
auto theft:
1960 —-14.1543 —0.2572 —0.3339 2.6648 1.8263 0.1423 .6826
1950 -3.9481" —0.3134 —0.4509 1.9286 2.9961 —0.0290° .5894
Crimes against
property:
1960 —10.1288 —0.5075 ~—0.6206 2.3345 2.0547 0.2118 .7487
1950 —-2.8056 —0.5407 --0.4792 1.5836 2.2548 0.0755 .6253

NOTE. —Same references as in Table 2.
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significant, and generally greater than unity. Note, however, that é
may reflect, in part, the effect of “urbanization” (the percentage of the
population in standard metropolitan statistical areas, SMSA), since W
and SMSA are highly correlated.** This may explain why the absolute
values of ¢,; in regressions using 1940 and 1950 data are lower than their
estimates in the 1960 regressions: the dependent variables in the 1940
and 1950 regressions are urban crime rates, while in 1960 they are state
crime rates. The fact that variations in X and W are found to have a
lower effect on the incidence of crimes against the person relative to
crimes against property supports our selection of them as indicators of
the relative opportunities associated with these latter crimes. Moreover,
the introduction of X and W in the regression analysis helps to obtain
significant results concerning the effect of T, which is to be expected
since variations in these variables presumably account in large part for
the variation in the opportunity costs of imprisonment.

The positive correlation between the percentage of nonwhites, NW,
and the rate of specific crimes is found to be independent of a regional
effect tested via the introduction of a dummy variable distinguishing
northern and southern states: the dummy variable loses its statistical
significance when NW is also introduced in the regression analysis. More-
over, virtually the same elasticities of crime rates with respect to NW
have been derived in an OLS regression analysis including northern
states only. The significant effect of NW on the rate of specific crimes
may essentially reflect the effect of the relatively inferior legitimate
market opportunities (and lower opportunity cost of imprisonment) of
nonwhites, since our measures of average relative legitimate opportu-
nities in a state do not fully reflect opportunities available to nonwhites.

The simple multiple regressions appear to account for a large part of

the variation in crime rates across states: the adjusted R? statistics range
from .87 for murder to .52 for larceny in 1960. Apparently, the ranking of
the R? statistics by crime categories is negatively related to the ranking
of these crimes by the extent of their underreporting errors and by the
extent to which they involve punishment other than imprisonment. The
R? statistics may partly reflect, however, the extent of negative correla-
tion between (Q/N); and P;, due to measurement errors in Q;. This may

41. Urbanization may serve as a measure of accessibility to (lower direct costs of
engaging in) various criminal activities due, for example, to the concentration of business
activity. the massive communication networks, and the density of the population in metro-
politan areas. The positive simple-regression coefficient associated with SMSA becomes
insignificant, however, when P and W are also introduced in regressions concerning specific
crimes against property.
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explain why the R? statistics associated with the 1940 regressions are not
lower than those associated with the 1960 ones.

THE 2SLS AND SUR ESTIMATES

The set of equations (4.1) has also been estimated via a 2SLS procedure,
applying our simultaneous-equation model and using data from 1960. The
set of exogenous and predetermined variables introduced in the reduced-
form regression analysis has been

InPi=ag+ a;; In T; + ay In (E)
N/

+ a, In (Q-f) +au;In W+a,;in X
NJ o

+agIn Ugygo+a; In NW + ag; In A,,-, (4.2)
+ ay; In SMSA 4+ a0 In M
+ Ay In N+ deiD + Ay In Ed + F’i'“

Estimates of specific regression equations are presented in Tables 4, A,
and 5, A.

The 2SLS estimates do not take account of disturbance correlations.
However, random changes (disturbance terms) relating to the rate of, say,
burglary may be positively associated with those relating to the rate of
robbery if these crimes were complements. To derive efficient estimates
of the supply-of-offenses functions we have also employed an asymp-
. totically efficient simultaneous-equation estimation method proposed by
Zeliner (1962) for estimating seemingly unrelated regression equations
(SUR).*® Such estimates have been derived separately for crimes against

property and crimes against the person and are presented in Tables 4, B,
and §, B.

42. It should be pointed out that the coefficients associated with (E/N),_; in the
reduced-form regressions are generally found to be statistically insignificant (a few having
wrong signs). presumably because of a multicollinearity between (E/N),-, and (Q;/N)-;.
Similar weak results were obtained in the reduced-form regression analysis when In (Q/N),
were regressed on the set of independent variables included in eq. (4.2). The presumed ex-
istence of multicollinearity in these regressions should not bias the computed (expected)
values of both (Q/N); and P;, however, and should not affect the consistency of the esti-
mates of our structural coefficients.

43. We have not attempted to derive 3SLS or FIML estimates of eq. (4.1) because of
the absence of data requisite for estimating eqq. (3.3) and (3.8) in the case of specific crime
categories; in particular, data are lacking for police expenditure on combating specific
crimes and for average losses from crime to victims.

Jp—




TABLE 4
2SLS AND SUR (WEIGHTED) REGRESSION ESTIMATES OF COEFFICIENTS
ASSOCIATED WITH SELECTED VARIABLES IN 1960: CRIMES AGAINST
PROPERTY

Coefficient (8) Associated with Selected Variables

a Inter- b, with b, with ¢, with ¢, with e, with
Offense cept In P; In T; In W InX InNW

A. 2SLS Estimates

Robbery:

8 —-11.030 —1.303 —0.372 1.689 1.279 0.334

BISB (—1.804) (=7.011) (—1.395) (1.969) (1.660) (4.024)

Burglary:

B —2.121 =0.724 —1.127 1.384 2.000 0.250

BISB (—0.582) (—6.003) (—4.799) (2.839) (4.689) (4.579)

Larceny:

B —10.660 —0.371 —0.602 2229 1.792 0.142

BISB (~2.195) (—2.482) (—1.937) (3.465) (2.992) (2.019)

Auto theft:

B —14.960 —0.407 —0.246 2.608 2.057 0.102

BISB (—4.162) (—4.173) (=1.682) (5.194) (4.268) (1.842)

Larceny and auto:

B —10.090 —0.546 —0.626 2.226 2.166  0.155

BISB (—2.585) (—4.248) (—2.851) (4.183) (4.165) (2.603)

Property crimes:

B —6.279 —0.796 —0.915 1.883  2.132  0.243

BISB (—1.937) (—6.140)  (4.297) (4.246) (5.356) (4.805)
B. SUR Estimates

Robbery:

B —14.800 —1.112 —0.286 2.120 1.409 0.346

BISB (—2.500) (=6.532) (—0.750) (2.548) (1.853) (4.191)

Burglary:

B -3.961 —0.624 —0.996 1.581 2.032  0.230

BISB (—1.114) (—5.576) (—4.260 (3.313) (4.766) (4.274)

Larceny:

8 ~10.870 —0.358 —0.654 2.241 1.785 0.139

BISB (—2.52) (=2.445) (—1.912) (3.502) (2.983) (1.980)

Auto theft:

B —14.860 —0.409 —0.233 2.590 2.054 0.101

BISB (—4.212) (—4.674) (—1.747) (5.253) (4.283) (1.832)

NoTE. —The underlying regression equation is

o

In (ﬁ) =a+byInPi+b,InT+cyln WHcylnX+e,ln NW+pu,. (4.3)




IsaaC EHRLICH 101

TABLE §
2SLS AND SUR (WEIGHTED) REGRESSION ESTIMATES OF COEFFICIENTS
ASSOCIATED WITH SELECTED VARIABLES IN 1960: CRIMES AGAINST
THE PERSON AND TotaL OFFENSES

Coefficient (8) Associated with Selected Variables

a Inter- b, wi}h b, with ¢, with ¢, with ¢, with
Offense cept In P; In T; InW InX InNW

A. 2SLS Estimates

Murder:
B 0316 -—0.852 —0.087 0.175 1.109 0.534
BISB (0.085) (—2.492) (—0.645) (0.334) (1.984) (8.356)
Rape: ’
,[3 A —0.599 —0.896 —0.399 0.409 0.459 0.072
BISB (—0.120) (—6.080) (—2.005) (0.605) (0.743) (0.922)
Murder and rape:
B 2.703 —0.828 —0.35¢ 0.086 0.556 0.280
BISA (0.732) (—6.689) (—3.164) (0.172) (1.188) (5.504)
Assault:
8 -7.567 —=0.724 —-0.979 1.650 1.707 0.465
BISA (—1.280) (=3.701) (—2.301) (2.018) (2.111) (3.6595)
Crimes against
the person:

B 1.635 —0.803 —0.495 0.328 0.587 0.376
B/Sé (0.380) (—6.603) (—3.407) (0.570) (1.098) (4.833)
All offenses:

8 —1.388 —0.991 —1.123 1292 1.775 0.265
B/SB (—0.368) (—5.898) (—4.483) (2.609) (4.183) (5.069)
B. SUR Estimates

Murder;

B —1.198 —0.913 —0.018 0.186 1.152 0.542
BISB (—0.033) (—3.062) (—1.710) (0.361) (2.102) (8.650)
Rape:

A 0.093 —0.930 —0.436 0333 0425 0.065
BISB (0.019) (—6.640) (—2.318) (0.502) (0.692) (0.841)
Assault:

B ~6.431 —0.718 —0.780 1.404 1.494 0.460
BISA (—1.103) (—4.046) (—2.036) (1.751) (1.871) (3.801)

NoTE. —~Same reference as in Table 4,

P L )
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The results of the 2SLS and SUR regression analyses strongly sup-
port the qualitative results of the simple regressions analyzed in the
preceding discussion. They show that the rates of all specific crimes are
inversely and significantly related to the appropriate P; and T; and directly
related to NW, the estimated regression coefficients generally exceeding
twice their standard errors. Crimes against property are found to be
positively and significantly related to W and X, whereas the estimated
elasticities of crimes against the person with respect to these variables
are relatively lower—and their standard errors relatively higher—
especially those associated with W in the regressions concerning murder
and rape.** Moreover, estimates derived via the 2SLS and SUR methods
are similar in magnitude, the latter generally having lower standard errors.
However, these estimates only have the desirable large-sample property
of consistency, and their small-sample properties are for the most part
unknown.?

Unlike the OLS estimates of the elasticities of specific crimes with
respect to P;, the elasticities derived via 2SLS and SUR methods are
expected to be free of a potential negative bias (due to measurement
errors in Q;) between current values of (Q/N);, and P, = (C/Q);, since
P; is a linear combination of a set of variables that does not include
(current) (Q/N),*¢ Nevertheless, estimates of both b,; and b,; appear
even higher than those reported in Tables 3 and 4. Itis interesting to note
that the absolute values of the estimated elasticities of crimes against the
person with respect to probability and severity of punishment are not
lower on the average than those associated with crimes against property.
This suggests that law enforcement may not be less effective in combating
crimes of hate and passion relative to crimes against property.4’

44. To some extent crimes against the person may be complementary to crimes
against property since they may also occur as a by-product of the latter. This is particularly
true in the case of assauli, for it is generally agreed that some incidents of robbery are
classified in practice as assault. This may be one reason why assault exhibits a greater simi-
larity to crimes against property in its estimated functional form, and why the incidence of
murder is positively correlated with W and X.

45. See Zellner (1970). A more elaborate analysis of this problem in the context of
this study is given in Ehrlich (1970).

46. The 2SLS estimates might still be affected by spurious correlation if errors of
measurement in (Q/N); were serially correlated in each state. We have therefore derived
alternative 2SLS estimates of the supply-of-offenses functions by excluding (Q,/N),_, from
the reduced-form regressions. The results, reported in Ehrlich (1970, Table 15 of Appendix
R), are nevertheless highly consistent with those reported in Tables 4 and 5.

47. Note, however, that this may be partly due to the preventive effect of imprisonment
which is expected to be generally higher for crimes against the person (see Sec. 11, C).
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The absolute values of b,; in Tables 4 and § are found to exceed those
of b,; in the case of murder, rape, and robbery, while they fall short of b,
in the case of burglary and larceny (the differences exceeding twice the
value of their standard errors). It should be emphasized, however, that
the various T, are less than proportionally related to the discounted cost
of imprisonment and, therefore, our estimates of b,; necessarily under-
state the true elasticities of the various crimes with respect to severity of
punishment, F;—especially in the case of crimes punishable by long
imprisonment terms (see our discussion in item 3 of Appendix 1 to Sec-
tion III). In view of these results we may venture the conclusion that
burglars and thieves are risk avoiders (see the analysis in Sec. I, B).
Whether other offenders are risk preferrers cannot be determined un-
ambiguously, however, without knowledge of offenders’ discount rates:
the higher the latter, the larger would be the absolute values of our re-
vised estimates of b,;.%¢ Following our analysis in Section I, A, we can
therefore expect that in a real income sense, crime does pay at the margin
to burglars and thieves, while it may not pay to robbers.*?

It is difficult to determine accurately on the basis of available data to
what extent the estimated values of b,; and b,; are attributable to a
preventive effect of imprisonment (see eq. [2.7]) because the absolute
values of our estimates of P; may not be accurate’® Since our 2SLS and
SUR cross-states estimates of b,; and b,; appear to differ significantly in
the case of murder, rape, robbery, burglary, and larceny (some of these
estimates approach or even exceed unity in absolute value), the inde-
pendent deterrent effect of law enforcement appears to be confirmed be-
cause the preventive effect of probability and severity of imprisonment,

48. We have computed estimates of correction factors 1/A (where X is defined in
Appendix 1 to Section 111) based on arithmetic mean values of 7, and alternative arbitrary
discount rates. We find that only when using a yearly rate of 36 per cent do the revised
estimates of by for murder and rape (but not for robbery) approach our estimates of by
associated with the same crimes.

49. We have attempted to test these implications directly by calculating the net
monetary gains associated with an average robbery, burglary, larceny, and auto theft.
Surprisingly, our crude estimates of the expected net gains are compatible with their
predicted values according to the regression results discussed above, for the net gain is
estimated 1o be negative in the case of robbery and positive in the case of burglary and
larceny (see Appendix 2 to this section).

50. Estimates of o based on our estimates of P and T are found to account for less
than 10 per cent of the magnitude of the 2SLS estimates of b, and b, associated with all
offenses. The latter may be regarded as estimates of steady state elasticities of the crime
rate with respect to P and T, because the variation in these variables across states is likely
to exhibit persistent differences.
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P; and T;, is expected to be virtually identical, and, in view of the available
information regarding average values of 7; and reasonable estimates of
P; in the United States, considerably lower than unity.

B. SuprpLY-OF-OFFENSES FUNCTIONS: THE EFFECT OF
UNEMPLOYMENT, LABOR-FORCE PARTICIPATION, AND
AGE COMPOSITION

We have also investigated in our regression analysis the partial effects of
unemployment and labor-force participation rates of urban males in the
age groups 14-24, U,,_,, and L,,_,,, respectively, as well as the effect of
the variation in the proportion of all males belonging to that age group,
A,s_24, by adding these variables to the regression equations (4.1) and
(4.3). The expanded regression equation is

Q

In (N) =a,~+b“ In Pi+b2; In T,"*'Ch‘ In W'*'Cz,' lnX+d1i In U14_24
i

+dyln Ly gs+ e In NW + e In Aoy + w1y (4.4)

and the results concerning these variables are shown in Table 6.5!

The partial effect of age is found to be inconclusive in the regressions
dealing with crimes against property. The signs of e,; vary across different
crimes with their values falling short of their standard errors, especially
when estimates are derived via a 2SLS procedure. Possibly, then, not age
per se, but the general opportunities available to offenders determine their
participation in crimes against property. The percentage of young age
groups does appear to be positively correlated with the rate of crimes
against the person in 1960, independently of the regression method
employed.

The results concerning the partial effect of the unemployment rate
U,4_04 are generally disappointing: the signs of d,; are not stable across
different regressions and do not appear significantly different from zero.
One reason may be that variations in U,,.,, across states reflect con-
siderable variation in voluntary unemployment due to the search for de-
sirable employment, since this source of unemployment is particularly
important among young workers. Indeed, we have achieved somewhat

51. We have generally excluded 4,, ,, from eq. (4.4) whenever the ratio of ¢, to its
standard deviation fell short of 1. In the 2SLS regressions, P; were replaced by estimates
of specific probabilities of imprisonment, P;, derived through a modified version of the
reduced-form regression eq. (4.2), including U,,_,, and L,,_.., in addition to the explanatory
variables entering eq. (4.2), and excluding Uj;_3,.
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better results when using the unemployment rates of urban males in the
age group 35-39 in lieu of U,,_,.. Another reason may be that the effect
of variations in the true probability of involuntary unemployment is im-
pacted in the effect of income inequality, X, since a decline in legitimate
market opportunities leading to an increase in involuntary unemployment
is likely to affect disproportionately those with lower schooling and train-
ing and may therefore increase income inequality. Finally, it may be
noted that our theoretical analysis indicates some ambiguity regarding
the effect of an increase in the probability of unemployment on offenders
engaging in both legitimate and illegitimate activities, if unemployment is
regarded as an uncertain event (see footnote 14).

Interesting results have been obtained with respect to the partial
effect of labor-force participation on the rate of specific crimes. The effect
of L,,—., 1s somewhat inconclusive in the case of crimes against property
but is found consistently negative and significantly different from zero in
the case of specific (as well as all) crimes against the person. Are these
results compatible with the theory developed in Section I of this paper?

One important question is what do variations in labor-force partici-
pation rates indicate in the context of this investigation? On the one hand,
if all offenders specialized in crime and also chose to register as not in the
labor force, then L,,_,, could be viewed as a rough index of time spent in
legitimatre market activities by young persons in a state: movements in
L,,-.4 would then be likely to reflect opposite movements in the rate of
participation in crimes against property. On the other hand, if most offend-
ers were partly engaged in legitimate market activities, L,,_,4 would be
an index of time spent by the average young person in al/l market activ-
ities, legitimate as well as illegitimate.

Traditional economic theory predicts that labor-force participation is
a function of real income, the market wage rate if employed, and the prob-
ability of unemployment. If variations in these variables were effectively
accounted for by the variation in W, X, and U,,_,,, the variation in L,,_,
would mainly capture the effect of exogenous factors determining labor-
force participation of young age groups (e.g., the rate of school enroll-
ment or the degree of enforcement of child labor laws). Assuming that
L.,s_24 is an index of total time spent in market activities by the average
young person, variations in L,,_,, would then produce a pure scale effect
on participation in crime. We have expected such a scale effect to be
positive in the case of crimes against property and negative in the case of
crimes against the person (see our discussion in Secs. I, B, and I, C).
However, since variations in legitimate wage rates available to potential
young offenders are only indirectly accounted for by the variation in
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family income'inequa]ity, X, they, too, are likely to be reflected by the
variation in L,,_,4 Specifically, with the distribution of family income held
constant, an increase in legitimate wages available to young workers is
expected to reduce their incentive to participate in all crimes. This nega-
tive substitution effect is likely to offset the positive scale effect of an
increase in L,,_,, on the rate of crimes against property, but may reinforce
the negative scale effect of an increase in L,,_,, on the rate of crimes
against the person, as our analysis in the last paragraphs of Sections I, B,
and I, C, predicts. The results reported in Table 6 are compatible with
these expectations. '

It should be pointed out that the introduction of A4,4_,4, U 4-04, and
L,4_-4 In the regression analysis has had virtually no effect on the esti-
mated elasticities and only a marginal impact on the extent of the R?
statistics reported in Tables 2 and 3.52

C. THE EFFECTIVENESS OF LAw ENFORCEMENT:
SoME TENTATIVE ESTIMATES

Is law enforcement effective in combating crime? Is there at present too
much or too littie enforcement of existing laws against felonies? The
answer to these questions can be obtained, in principle, by considering
two related issues. First, what would be the effect of an increase in the
probability and severity of punishment on the level of felony offenses and
the resulting social loss? Second, to what extent would an additional ex-
penditure on law-enforcement agencies increase their effectiveness in ap-
prehending and punishing felons?

Our empirical estimates of supply-of-offenses functions provide
consistent results pertaining to the first issue. In addition, an attempt has

52. The regression models employed thus far have implicitly assumed that specific
illegal activities, i, were independent of each other. Specific crimes may be substitutes
{or complements) in the sense that an increase in opportunities available in one crime
would have opposite (or similar) effects on the rate of related crimes. (For example, of-
fenders charged for robbery are often convicted of burglary; an increase in the penalty for
burglary might then deter participation in both crimes.) To test interdependencies among
specific crimes, we have introduced in the regression eq. (4.3) the (estimated) probability
and severity of imprisonment relating to subsets of these crimes, P, and T, respectively,
in addition to own variables. The 2SLS estimates of the regression coefficients associated
with P, and T, indicate that robbery and burglary are complements, and that burglary and
theft are substitutes, but the absolute values of the coefficients associated with these vari-
ables are found to be quite low relative to their standard errors. Moreover, the estimated
coefficients of the explanatory variables introduced in eq. (4.3) are virtually unaffected by
the introduction of these other variables (see Ehrlich, 1970, pp. 86-89).
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been made to estimate the effectiveness of public outlays on police in de-
termining the probability of apprehending and punishing felons, P, by
estimating an aggregate production function of law-enforcement activity
(equation (3.3) defined for all felony offenses) via a 2SLS weighted-
regression procedure using state data from 1960. In the first stage of the
analysis, the rate of all felony offenses, Q/N, and per capita expenditure
on police, E/N, were regressed on the set of exogenous and predetermined
variables specified in the reduced-form regression equation (4.2). In the
second stage, P was regressed on values of QIN and EIN computed
from the estimated reduced-form regression equations, and on other
environmental variables, some of which were discussed in connection
with equation (3.3). The results are given in equation (4.5) below (the
numbers in parentheses denote the ratios of the regression coefficients
to their standard errors).>3

In P =1.489+0.219 In (5) —0.854 In (—Q—) —0.2261n N

©0.600) 0.611) ¥ (=3.784) NV (~2.980) ;

—0.059 In SMSA + 1.094 In X +0.267 In NW + 2.37 In Ed-

(—1.5095) (1.755) (2.893) (2.637)
- 1.074 ll'l Al4—24 + 0.428D. (4.5)
(—1.313) (2.268)

As expected, the probability of apprehending and convicting felons is
found to be positively related to the level of the current expenditure on
police and negatively related to the crime rate, the estimated elasticities
being Bl =0.219 and B, =0.854, respectively. The productivity of
law-enforcement activity is found to be negatively affected by the size
and density of the population, as indicated by the negative signs of the
coefficients associated with N and SMSA, and positively affected by the
extent of relative poverty, the schooling level of the adult population, and :
the proportion of nonwhites, as indicated by the positive signs of the co- :

53. The reader may note that the results reported in equation (4.5) of this essay, as
well as other calculations in this section which are based on these results, differ to some
extent from the corresponding results in my original article in the Journal of Political Econ-
omy. Subsequent to the publication of my article it was discovered that the computer pro-
gram used to derive the latter results did not weight the dummy variable, D, by the weighting
factor applied to all other variables. There is, of course, little technical justification for such
an incomplete weighting procedure. The qualitative conclusions reached here on the basis
of the new results are consistent, however, with those reached in my original article.
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efficients associated with X, Ed, and NW .5 Also, P appears to be greater
in southern states and lower in states with a greater proportion of
juveniles.®® Note, however, that the standard error of the coefficient as-
sociated with E/N is 0.358 which implies, for example, that the lower and
upper 95 per cent confidence limits of B, (calculated from the normal
distribution) are —0.483 and 0.920, respectively. Put differently, the prob-
ability that 3, takes on a positive value, given that B; is normally dis-
tributed with mean 0.219 and standard deviation 0.358, is only .7291.
This somewhat weak result may be attributed both to measurement errors
in E/N and aggregation biases involved in estimating an aggregate pro-
duction function of law-enforcement activity. First, E/N measures all
expenditures on police activity, including, for example, traffic control,
but not on criminal courts. The latter is presumably an important deter-
minant of felony conviction rates. (Also see our discussion of item 6°in
Appendix 1 to Section III.) Second, monetary expenditure on police is
an imperfect measure of the real outlays on police activity across states
because of possible regional differences in the rates of pay to policemen
across states that are not due to differences in productivity. Finally,
to the extent that the coefficients of the production function of law-
enforcement activity against specific crimes differ for different crime
categories (in particular, crimes against the person as against crimes
against property), the estimated coefficients in equation (4.5) may be
subject to aggregation biases, since the distribution of specific crimes
among total felonies (especially crimes against property) varies signifi-
cantly across states.’® This implies, of course, that all the estimated co-
efficients in equation (4.5), not only Bl, must be viewed with caution.
Assuming for a methodological purpose the validity of our estimates

of the aggregate production function (4.5), we may now combine these

S4. The positive association between P and both X and NW suggests that those with
lower income spend less resources on legal counsel and legal defense. The positive (partial)
effect of Ed on P, given E/N, is interesting, for it may refiect the degree and effectiveness
of private self-protective efforts and other assistance provided by victims and Jaw-enforce-
ment agents in bringing about the apprehension and conviction of offenders (also see
Appendix 1 to Section I, item 6).

55. One reason why P—the probability of punishment by imprisonment—may be
negatively related to A4,,_,, is that many young convicts are sent to reformatories and other
correctional institutions rather than to state and federal prisons.

56. Indeed, the value of the coefficient associated with E/N is found to exceed twice
the value of its standard error in a regression analysis estimating a production function of
law-enforcement activity that relates to crimes against the person only (see Ehrlich, 1970,
p. 92). In general, estimates of both 8, and . have been found to be quite sensitive to the
specification of the reduced-form regression equation.
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with estimates of the aggregate supply-of-offenses function to derive a
preliminary estimate of the effectiveness of public expenditure on law
enforcement in a given year in reducing the rate of crime in that year. Sub-
stituting equation (3.3) in equation (3.2), it is easily seen that the elasticity
of the crime rate, Q/N, with respect to current expenditure, E/N, is
e = (b,8,)/(1 — b,B,). In terms of our 2SLS estimates of b,, B8;, and Bs, e is,
then, estimated at —1.42: a 1 per cent increase in expenditure on direct
law enforcement would result in about a 1.4 per cent decrease in all felony
offenses. However, the standard error of this estimate calculated through
a Taylor’s series approximation of e as a function of b,, 8, and B, is
found to be 3.8. This implies that the probability that & takes on a nega-
tive value, given that ¢ is asymptotically normally distributed with mean
—1.42 and standard deviation 3.8, is only .6443.

The total social loss from crimes against property and crimes against
the person in 1965 has been estimated in monetary terms at $5,968
million (see PCL, 1967(b), p. 44), which is probably an underestimate of
the true social loss due to these crimes. On the other hand, total expendi-
ture on police, courts, prosecution, and defense in 1965 was $3,178
million (see PCL, 1967(b), p. 54), which obviously is an overestimate of
the public expenditure devoted to combating these crimes alone. Never-
theless, if one accepted the tentative estimate of e =—1.42, one would con-
clude that in 1965 the marginal cost of law enforcement against felonies
fell short of its marginal revenue, or that expenditure on direct law en-
forcement was less than optimal.®” In view of the imperfections inherent
in our estimate of e, however, this result cannot be considered very reli-
able. More accurate and specific data on expenditure on various kinds of
law-enforcement activity, on payoffs on specific crimes against property,
on private self-protection against crime, and on the private losses from
crime would be required in order to derive more reliable simultaneous-
equation estimates of production functioqs of law-enforcement activities

57. Assuming that the social loss from crime is proportionally related to the number of
offenses committed, an increase in the expenditure on police and courts in 1965 by $32
million (1 per cent of $3,178 million) could have reduced the loss from felonies by about
$83 million (1.4 per cent of $5,968 million). Furthermore, our tentative estimates of £,
and e indicate that a 1 per cent increase in the expenditure on police and courts might have
reduced the flow of offenders committed to prisons, C/N = P(Q/N) and thus the total costs
of their imprisonment by 8, + e = 1.2 per cent. Since expenditures on state adult institu-
tions in 1965 amounted to $385 million (see PCL, 1967(b), p. 54; this represents approxi-
mately the total costs of imprisonment of a yearly flow of offenders committed to state
prisons throughout their effective prison terms), the additional cost of law enforcement
associated with a 1 per cent increase in the expenditure on police and courts in 1965 might
have amounted to about $27 million only ($32 million less $4.6 million savings in imprison-
ment costs).
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and the effectiveness of these activities in reducing specific crimes and
the resulting social losses.

CONCLUSION

The basic thesis underlying our theory of participation in illegitimate
activities is that offenders, as a group, respond to incentives in much the
same way that those who engage in strictly legitimate activities do as a
group. This does not necessarily imply that offenders are similar to other
people in all other respects, or that the extent of their response to incen-
tives is the same. Indeed, our theory suggests that the extent of individual
offenders’ response to incentives may vary (negatively) with the extent
of their specialization in illegitimate activity and so may not be uniformly
high or low. We do emphasize, however, the role of opportunities avail-
able in competing legitimate and illegitimate activities in determining the
extent of an offender’s participation in the latter and thus, indirectly, also
in determining the extent of his response to incentives.

The results of our regression analysis of variations in the rate of index
crimes across states in the United States are not inconsistent with this
basic thesis. In spite of the shortcomings of the crime statistics used, the
indirect estimates of some of the theoretical constructs, and the somewhat
stringent econometric specification of functional relationships, the signs
and alternative point estimates of the coefficients of specific regression
equations exhibit a remarkable consistency with the theoretical predic-
tions, as well as with one another, across independent samples. The rate
of specific felonies is found to be positively related to estimates of relative
gains and negatively related to estimates of costs associated with criminal
activity. In particular, and contrary to some popular arguments, the abso-
lute magnitudes of the estimated elasticities of specific crimes with respect
to estimates of probability and severity of punishment are not inconsistent
with the hypothesis that law-enforcement activity has a deterrent effect
on offenders that is independent of any preventive effect of imprisonment.
Moreover, the elasticities associated with crimes against the person are
not found to be lower, on the average, than those associated with crimes
against property.

Viewing the decision to participate in crimes involving material gains
as an occupational choice is not inconsistent with the evidence concerning
the positive association between income inequality and the rate of crimes
against property. Moreover, the relative magnitude of estimates of the
elasticities of burglary and larceny with respect to probability and severity
of punishment indicate that burglars and thieves are risk avoiders. These
findings indicate, in turn, that many crimes against property, not unlike
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legitimate market activities, pay in the particular sense that their expected
gains exceed their expected costs at the margin. This approach may be
useful in explaining not only variations in the rate of felonies and many
other types of crime across states or over time, but also a variety of
specific characteristics associated with individual offenders: for example,
why many appear to be relatively young males with little schooling and
other legitimate training; why some are occasional offenders who combine
legitimate and illegitimate market activities, while others specialize in
crime; and why many continue their participation in illegitimate activities
‘even after being apprehended and punished. Such characteristics, the
analysis suggests, may be largely the consequence of the relative op-
portunities available to offenders in legitimate and illegitimate activities
rather than the result of their unique motivation.

More important, the analytical and econometric framework de-
veloped in this paper appears useful in evaluating the effectiveness of
public expenditure on law-enforcement activity. Some tentative estimates
of the effectiveness of police and court activity against felonies in 1965
indicate that such activity paid (indeed, “‘overpaid™) in the sense that its
(partial) marginal revenue in terms of a reduced social loss from crime
exceeded its (partial) marginal cost. Our empirical investigation also
indicates that the rates of all felonies, particularly crimes against property,
are positively related to the degree of a community’s income inequality.
This suggests a social incentive for equalizing training and earning op-
portunities across persons, which is independent of ethical considerations
or any social welfare function. Whether it would pay society to spend
more resources in order to enforce existing laws would then depend not
only on the effectiveness of such expenditure in deterring crime, but also
on the extent to which alternative methods of combating crime pay. Our
ability to analyze these important issues would undoubtedly improve as
more and better data concerning the frequency of illegitimate activities,
self-protection by both offenders and victims, and alternative private and
collective methods of combating crime became available.

APPENDIX 1 TO SECTION I: THE ALLOCATION OF
TIME TO ILLEGITIMATE ACTIVITIES

A.

The expected utility associated with a one-period consumption prospect can be
written generally as

EU=U*= m,UX, 1), (A.D)

$=a
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where s denotes the state of the world and =, its probability. If returns from i
were contingent upon the occurrence of only two events: ‘‘no punishment,” with
probability (1 — p), and “apprehension and punishment,” with probability p, and
if the returns from [/ were fully insured, then (A.1) would reduce to

U* =1 = pUX,, 1) + pU(X, 1), (A.2)
where

Xo=W' + W)+ Wt —1t),

Xo=W'+ Wit) — Fi(y)) + W,(t—ty),
and

I=t+1n=t—1,

is the amount of ““working time.” Given the value of 7., hence 1, the value of #; that

maximizes this function in case of an interior solution must satisfy the first-order
condition

(1 —pYU (X )(w; — w) + pU' (X )(w; —w — f}) =0, (A.3)

where w;, = (dW,/dt¥)k =i, I, f; = (dF;/dt), and t}¥ denotes the optimal value of
t;. Clearly, equation (A.3) may be satisfied only if

wy — fi > wy (A.4)

The second-order condition is
A =(1 = p)UXp)w; — w)* + pU"(X)w; — w, — fi)*

+a U aw ,+du¢ + , [dw; df; dwy
”)"(d, dt,) 4 (d:, " an

) <0. (A.5)
If the rates of change in wy, f; and w, were constant, equation (A.S) would always
be satisfied if everywhere U” < 0. However, if w, and w, were a decreasing
function of “‘working time’’ and f; were not a decreasing function of ¢; (if the pro-
duction transformation curve were concave to the origin as in Figure 1), (A.5)
would also be satisfied if everywhere U” =0 and might be satisfied even if
U” > 0. In the following analysis it is therefore assumed that equation (A.5) is
satisfied regardiess of attitudes toward risk, and that equilibrium is consistent
with regular interior maxima with the values of both r; and 1, being positive.
The partial effects of equal percentage changes in p and f = F/t; on the value
of 1 in case the latter is positive have been analyzed in Section I, B, and in foot-
note 13 in the text. However, the theorem presented in equation (1.10) in foot-
note 13 concerning the relative elasticity of 7* with respect to p and f; is more
general, since it also holds in case of a boundary solution in which a person
specializes in legitimate activity. To prove this proposition note, first, that for
any given value of f,, a person would be indifferent between entering i or devoting
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his full working time to / if the expected utility from a single offense were the same
as that from the marginal unit of time allocated to [; that is, if

UF =(1=pUW +w)+ pUW +w;— f)) = Ur(W +w), (A.6)
where W = W' + w(t — dt), and t =1, — .. Clearly,

aU¥
ap

=—[U(X,) — UX, — f)] < 0,

and (A7)

Al UMX,—f) <0

af} p b ] H
where X, = W + w;. An increase in either p or f; decreases the incentive to enter
i. Furthermore, by the set of equations (A.7) the relative effects of equal per-
centage changes in p and f; on the incentive to enter or exit from { can be sum-
marized as follows:

U}y < aU?

op <o,

fis
as
> o
U(Xy) — UXy — f) = U'(Xp = ) fi- (A.8)
Applying Taylor’s theorem around the point X, — f; one can write

UX,) = UXy, = f) + fiU' (X = f) +€-, U"(X, — fi + 6f),

where 0 < 8 < 1. Hence, U(X,) — UX, —f) 2 U'(X, — f)f,, as U" Z 0. Equa-
tion (A.8) thus implies that a 1 per cent change in p has a greater effect on the in-
centive to enter / than a 1 per cent change in f; if a person is risk preferring, and a
relatively lower effect if a person is risk avoiding. A geometrical proof for this
result is given in Becker (1968), included in this volume.

The effect of an equal proportional increase in the wage rates obtained in i,
hence in the average wage w; with p, f;, w; and W' held constant, would be
given by

OGS “9)
where

=—(1~p)U;~pU,
and

B =—(1 — p)Uy(w; — witF — pU, 0w — wy — fOIf.
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Because the value of A is always negative, equation (A.9) would have a positive
value if U”" = 0 or if B did not have an algebraic sign opposite to that of 4. Sub-
stituting equation (A.3) in B it can be shown that B would equal zero if

Uq Us
——l = A.10
U (A.10)

i.e., there is constant absolute risk aversion (or preference).*® This assumption
also guarantees that a reduction in w; would always increase participation in /
since then

dt (A= Cw,_)

dw, ! A ate 0, (A.11)

where

C=—( — p)Us(w; — wit¥ — pU'lw; — w, — fn.

If we now relax the assumption that legitimate earnings are known for cer-
tain and assume that earnings in /, too, were contingent upon the occurrence of
two events: “employment’” with probability (1 — «), and “unemployment™ with
probability u, and if the probability of unemployment were independent of the
probability of apprehension and conviction, then equation (A.1) would become

U*=(1—-p)1 —wUX, t)+ (1 — puUX,, t)
+ p(1 — W) U(X,, 1) + pulU(Xy 1), (A.12)
where
Xe=W'+ Wit) + W(t—1t),
Xp=W'+ W)+ Wt —1;) — Dt —t),
Xc=W'+Wit)— Fi(t) + Wt — 1),
Xy= W'+ W() — Ft) + Wt —t;) — Dt — 1)),

and D, denotes the reduction in real earnings due to unemployment. Given the
value of r., the first-order optimality condition is

dU* ) ,
dix (1 = p)A — w}Ug(w; — wy) + (1 — pluUy(w; — wyp)

+p(1 —w)U(wig — w)) + pulUj(wip — wie) =0, (A.13)

58. See the discussion in Ehrlich and Becker (1972). Since both absolute and relative
risk aversion are constant along the certainty line (Ehrlich and Becker, op. cit.), equations
(A.9) and (A.11) would always have a positive sign when most working time is spentin/. Of

course, both might have a positive sign even when there is increasing or decreasing absolute
risk aversion.
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where w;,, = w; — f; and w;; = w;, — d,, and the second-order condition is
d:*U*
dr¥?

=3 <0, (A.14)

If wy > w, equations (A.13) and (A.14) would be satisfied by the same conditions
satisfying equations (A.3) and (A.5).%°

The effects of changes in p, f;, w; and w, on the value of #}* discussed above
can be shown to apply in this more general case as well. In particular,

—d,'.* ! (1 YU )+ ulUy( + 5] &) 0 Al
= — —_ awy—w ! _— =—< N .
a3 u " Wy wl(wy — wyy) = (A.15)
since § =—(1 — w)U{wy — w) — uUj(w;; — wy;) must have a positive sign for

equation (A.13) to be satisfied. On the other hand, the effect of an increase in u
on 7 would be given by

drf 1
du s (1 = p)Usolwi — w) — (1 = pYUi(w; — wy)

du
+ pUclwp — w) — pU(wy, — wi)l.  (A.16)

The sign of equation (A.16) would always be positive if U” = 0, since then equa-
tion (A.16) reduces to —(U'd)/2) = (=)/(=) > 0. If U”" < 0 and w;, — wp = 0 it
also can be seen that (A.16) would be positive. In contrast, if wy, — w, <0,
which would be the case if f > w; and d < w,, equation (A.16) would have a
positive sign only if p were small and U were not too concave. Itis then possible,
in principle, that an increase in the probability of unemployment will not induce
offenders to allocate more time to /, essentially because anincrease in  increases
the demand for wealth in the less desirable states of the world. Note, however,
that regardless of attitudes toward risk, an increase in ¥ would always increase
the incentive to enter i, since as a result of this change the expected utility from
the marginal unit time spent in / would decrease relative to the expected utility
from entering i. This can be easily shown by differentiating the term U} in equa-
tion (A.6) above with respect to u.%

59. A necessary condition for entry into i is that the expected utility from entering i
would exceed the expected utility from “full-time™ participation in /. If earnings in / are
known for certain, it has been shown in the text that this condition would be satisfied for
a risk avoider if the expected wage in i, E(w;), exceeded w, Since earnings in / are here
assumed subject to uncertainty, then given that the variance of earnings in / is greater than
that in {, a risk avoider would enter i only if E(w;) were initially sufficiently greater than
E(w)).

60. Equation (A.16) shows the partial effect of u on r¥ when the extent of punishment is
held constant. If punishment were by imprisonment, an increase in u that was expected to
persist over a sufficiently long period might also imply a reduction in the expected oppor-
tunity costs of imprisonment, provided these were largely determined by the expected legiti-
mate earnings. In this case, an increase in 4 might unambiguously induce a greater partici-
pation in crime.
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So far we have assumed in our analysis that the probability of being appre-
hended and punished in a ‘given *‘period,” p, was independent of the amount of
time spent in i. This assumption may be justified in part in view of the opposite
effects an increase in t; may have on p. On the one hand, an increase in the num-
ber of offenses committed within a given period may increase the likelihood that
the offender will be apprehended on any one offense committed.®' However, an
increase in 1, is also likely to enhance an offender’s ability to elude apprehension
and punishment through “learning by doing.” 2 The net effect of ; on p is there-
fore not clear a priori. However, even if p were positively related to t; at the mar-
gin, the results derived in the preceding discussion would essentially be un-
affected.

Given that dpfot} = p'(t¥) > 0, equation (A.3) becomes

[1 — pF)]UiGvy — wy) + pPYU (wy — wy — f) — p' ) [Upy— Uy =0, (A.17)

and equation (A.15) becomes
A'=A—=p'(tF)U, — U,) — p'UINUw; — w)) — Uslw; — wy — f))), (A.18)

where A is defined as in equation (A.5). As A has been assumed negative in value,
A’ would be negative in value —the second-order equilibrium condition would be
satisfied —if p"(r) = 0, and f > w; — w,.

Since p is a function of the amount of time spentin i,°% a 1 per cent increase
in p may generally be interpreted as a 1 per cent increase in both p(¢f)and p'(1}).

In this case, holding the value of all the other parameters constant, the effect on
t¥ would be

dir _ [=Uiwi— wi = f)p + Uilwi — wp] + p' (7 )(Uy — Uy)
—— p = t
dp A
+)
=§ <0. (A.19)

Similarly, the effect of a 1 per cent increase in all the penalty rates, hence in the
aggregate rate f, would be

dr¥ (Uapfi + Ul —wi = )]l +p'tHUfi¥ (D)
ai . _ Y. A.20
i A’ o <0 (420

if U" < 0. The implications of equation (1.10) in footnote 13 are thus shown to
hold in this case as well. Moreover, the implications of equation (A.18) also hold

61. If the probability of being apprehended on a single offense = were independent

of the number of offenses committed, t, then the probability of being apprehended on any
one offense committed would be r =1 - (1 — 7). Clearly. then, ar/d1 > 0.

62. Moreover, it is shown in Appendix 2 to Section I that an increase in t; is likely 10
enhance the offender’s expenditure on self-protection and thus decrease at least the prob-
ability of apprehension and punishment for a single offense.

63. Formally, p(t}) = [4 p'(t)dt,.
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in this case. Note, first, that in equilibrium X, = X, — F*, where F* = fr}. Using
a theorem summarized by equation (A.8) above, given the value of ¢,

UX,) — U(X, = F*) Z U'(X, — F)F,

as U” —z— 0. Therefore, the second term in the numerator of equation (A.19) ex-
ceeds, is equal to, or falls short of, the second term in the numerator of (A.20)
as U” is greater than, equal to, or lower than, zero. Exactly the same condition
determines the relative magnitudes of the first terms in the numerators of equa-
tions (A.19) and (A.20), as was shown in footnote 13 in the text. The results
summarized in equation (1.10) in footnote 13 therefore hold unambiguously in
this case as well %

B.

The analysis so far has focused on effects of changes in exogenous factors
on the allocation of working time, (1, — f.), between i and /. In this section, the
assumption of 7. being constant is relaxed in order that behavioral implications
can be developed regarding the absolute, as well as the relative, allocation of time
to i and . In general, the effect of changes in legitimate and illegitimate costs and
returns on the absolute magnitude of r¥, hence of ¢} and ¢, are ambiguous be-
cause of competing wealth and substitution effects. Also, changes in the overall
amount of time allocated to market activities, 7, — t,, may have systematic
effects on the incentive to participate in either / or /. Abstracting from such pos-
sible effects, it can be shown. however, that the same implications discussed in
Part A of this appendix hold also in reference to the absolute allocation of time
to i and /. In the following analysis, this assertion is demonstrated with regard
to effects of exogenous changes in p and f.

For methodological convenience, let us define ¢; = s(r, — 1), and 1, = (1 — )
X (t, — t.), where s and (1 — s) denote the fractions of working time devoted to i
and /, respectively. Optimal values of 1;, t,, and t. may thus be determined through
an unconstrained maximization of equation (A.2) with respect to the independent |
variables s and 7. It is assumed throughout the analysis that the utility function, |
U, is strongly separable in 7. and X;j=a,b, so that aU/oX; at.=0. It is
also assumed that dU*/dsdt, = 0, so that the relative allocation of working time
between i and / is independent of the scale of working time itself. Values of s and
1. that maximize equation (A.2) locally in case of an interior solution under these
assumptions must satisfy the following necessary conditions:

Ur =1~ p)U'(X)w; — w)t,— 1¥)
+ pU (X )wi —fi— w)t, —1&) =0, (A.21)

64. The results discussed in reference to equations (A.10) and (A.11) can also be shown
to hold with some modifications in this more general case.
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and
Ut =U'(ty) — (1 = p)U'Xp)[wis* + wi(l —s%)]
— pU'Xw; — fds* +w(l —5%)]=0, (A22)

where U¥ and U} denote aU*/as and dU*/dt,, respectively, U'(X;) = aU/aX,,
and U'(1)) = aU/ot.. The variables w;, w, and f; were defined in Part A above. The
set of sufficient conditions in this case requires that

Uk = (1 = p)U(Xp)(w; — w)t, — 1¥)?
dW,' d\t’l

+ pU'Xa)ow; = f; = w1, — 1)t + (1 — pU'(X,) (*(F + j;) (1, — 12)
i !

UHX dw, df; 4+ dw,
T PUX) (dri di;  di,

Ui =U"(tg) — (1 — ppUXp)[wis* +wi(l — s}
— pUX[Ovi — f)s* + w1 — sH)F

) (fo—12) < 0, (A.23)

dw; dw, ]
+ (1 - p)UNX,) | = (s%)2 + 220 (] = s*)2
(1-p) (b)[d"(s) dn(l 5*)
’ i’ﬂ d_f' *\2 dw, — ok 2]
+pU'(X,) [( ar, dr,-) (s*)7 + a, (1—-s%?2| <0, (A.24)
and
UzUg — (URE > 0. (A.25)

Clearly, values of s* and 1} that satisfy equations (A.23) and (A.24) also satisfy
equation (A.25) since, by assumption, U% = dU*/3sd1, = 0.
Consider, now, the effects of an exogenous increase in p on s* and t¥ with

wi, fi, wyand W’ held constant. These effects are summarized in equations (A.26)
and (A.27) as follows:

as* _ 1 e Y g o )+
= Tz (G U0 = ) = U )
(A.26)
and
ot 1
= T UGt = 9]+ UKo — fas* + ot = 0]
P tt
- (_*%"_) >0, (A.27)

provided that (w; — f)s + w,(1 — s) < 0. The latter condition requires that the
punishment imposed on the offender exceed his current income from both legiti-
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mate and illegitimate activity, which is likely to be satisfied in the case of most fel-
onies. This analysis shows that an increase in p increases ¥ and decreases s*.
Thus, it decreases unambiguously the absolute amount of time spent in illegitimate
activities.

Similarly, the effects of an exogenous increase in all the penalty rates
dF,/dr;, hence in the average penalty f, on s* and t¥, with p, w;, w, and W' held
constant, are given by

i}
asf U* Mo — 12) + pU" (X )(w; — fi — wi)s* (1, — 1))
= Q—%@ <0,if U'<0, (A.28)
and
at* 1
af Ug { pU (X(I)S* - PU"(X,,)[(W —'f)S*
+ w1 = s¥)]s*@, — t*)} - )(+)( ) >0ifU"<0. (A.29)

Furthermore, the effect of a 1 per cent increase in p on ¢ can be easily shown to
exceed that of a 1 per cent increase in fif a person were a risk avoider, with the

converse holding for a person who was a risk preferrer. Formally, by equations
(A.27) and (A.29),

B = = U8 + P = UKD s
P b

T 1 , .
+ w1 — 5%)] Py il —pU' (X)) fis

— pU" X )[(w; — f)s™* + w1 — s%)]s*(t, — l:)ff} as U” ‘E 0. (A30)

The theorem summarized in equation (A.29) has already been shown in equation
(1.10) in footnote 13 to hold unambiguously in reference to the relative effects of
equal percentage changes in p; and f; on the relative allocation of working time
between i and /, indicated by s*. Thus, under the assumptions imposed in this
analysis, equation (1.10) in footnote 13 holds in reference to the effects of p and f
(or £;) on the absolute as well as the relative allocation of time to i and /.

APPENDIX 2 TO SECTION I:
CRIME AND SELF-PROTECTION

The maximization of equation (A.2) in Appendix 1 has been carried out on the
assumption that both the probability and severity of punishment are independent
of an offender’s actions. This assumption is not always true; for example, an
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offender can reduce the probability of being apprehended and punished by spend-
ing resources on ‘‘covering” his illegal activity, by fixing policemen and wit-
nesses, by disposing of stolen goods through selected fences, or, in general, by
providing self-protection. An explicit analysis of self-protection may be useful
primarily because decisions concerning participation in illegal activity are
generally influenced by the extent to which the former is provided; some be-
havioral implications should therefore be developed within the context of a more
comprehensive decision problem.

Assuming for simplicity that expenditure on self-protection only affects the
probability of apprehension and conviction, and that self-protection does not
involve the use of an offender’s time, we may write

p =p(r, s), (B.1)

where r is public expenditure on law enforcement and s is an offender’s total
expenditure on self-protection, with dap/dr > 0 and dp/ds = p'(s) < 0.

Given the value of time spent in nonmarket activities, ., and the value of r,
equation (A.2) can be written as a function of ¢; and s:

* = [1 = pJUIXy(1) = s]+ p(s)U[X (1) — s). (B.2)

The values of 1; and s that maximize this function in the case of an interior solu-
tion must satisfy the first-order conditions

Ut =(1 = p)Ui(w; — w) + pUilw;— wy = £) = 0, (B.3)
and
Us = —p'(s)[Us — U] — (1 = p)Us = pUs =0. (B.4)

The second-order conditions are

Uy = (1 = p)Ui(wi — w)* + pUi(w; — wy — fi)?

dw;  dw, dw; dfy dw,
; <0, (B.S
) (dff dt; d!l) ( )

+U =i (G =) +pUs

Uk=-p'(s)U,— U,) +2p"(sXU;,— Ug) + (1 — p)Uy + pU; <0, (B.6)
and
S=UkUs— (UL) >0, . (B.7)

which are assumed to be satisfied regardless of the sign of U".%
Equation (B.4) implies that the incentive to provide self-protection is related
to the level of participation in {, for the marginal gain from self-protection, given

65. A more detailed discussion of these optimality conditions and other related issues

can be found in Ehrlich and Becker (1972) in reference to the joint determination of self-
insurance and self-protection.
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by —p'(s)U, — U,), is a positive function of the difference between income in
different states, which is positive if r; > 0. Moreover, an exogenous increase in ¢,
is expected to increase the amount spent on self-protection because its main effect
is to widen the differences between income in different states:

ds U )
PR = S B9

where
U = —p ) Uy(wy — w)) — Uglwy — w — )] = (1 = p)Uz(w; — wy)

= pUslw; —w, —f) >0,
provided that U" and U’ do not have opposite signs if U” < 0, and that they do
not have the same signs if U” > 0.%¢ This analysis provides an explanation for
the fact that professional criminals —those who engage in crime on a relatively
full-time basis—also tend to exercise more self-protection relative to other
offenders %7 (see PCL, 1967(b), p. 97). Furthermore, it predicts that the propor-
tion of professional offenders ‘(and, generally, those who are relatively efficient
in providing self-protection due to age, experience, or appropriate training)
among those arrested and convicted of crime would understate their share in the
total number of crimes committed.

Since self-protection and illegitimate activity are generally seen to be com-
plements, the direction of the effect of changes in exogenous factors on-the ex-
tent of participation in crime when self-protection is available would be the same
as that predicted in the absence of such protection only if the direct effects of
these changes on ¢; and s are not in opposite directions, but might be different

otherwise. For example, an increase in expenditure on law enforcement —f;, w;,
w, W', and p'(s) ® held constant— would reduce the optimal values of both ¢; and

. . >

66. Note that by equation (B.3): (1 — p)(w; — w) —:———p(wf —w;— f); t.e., E(w) =w
as U” —:— 0, respectively,

67. Given the value of s, if p were positively related to 1, equation (B.3) would be-
come (A.17) and equation (B.6) would become (A.18). Uy, would then have a positive sign
if in addition to the assumptions made above 3p'(s)/d1; = 0, i.e., the marginal productivity
of a given expenditure on self-protection does not increase with more offenses committed
within a given period. The results discussed in reference to equations (B.9) to (B.12) can
then be shown to hold in this more general case as well.

68. If part of the increased expenditure on law enforcement is directed to combating
collaboration of law-enforcement agents with offenders and other means of self-protection
employed by offenders, then
_9p'(s)

A= or

op
(U — Ul +[Us — Uil 57

where —ap'(s)/ar < 0 and —A, is defined following equation (B.10) below. In this case —A,
has a negative sign even if U”=0; the incentive to exercise self-protection would be
smaller and, consequently, the decrease in f; would be greater.
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s, provided that U" < 0, since then

dt; AU —AUE ()

e — =— 0, B.9
dr p3 ) ( )

and

ds Agu;?[’—AlU;;i

as _ <0 B.10

dr ) ’ ( )
where

ap
—Ar = —{Uiwi = w) = Ugw, = wi = )] 5- < 0,

and

d
—A2=[U,;—U,;]5€-s0if U < 0.

In contrast, an exogenous increase in the severity of punishment on the optimal

values of t; and s, with p'(s), r, wy, w,, and W' held constant, and with U" < 0, is
generally ambiguous:

d’; B]U:S—BQU:;,‘-

d_f_ 5 ) (B.11)
and
ds B.UY, — B,UZ,
5"2 3 ’ (B.12)
where
—B,=-pU,—pUjt(w;—w,—=f) < 0if U" = 0,
while

=B, =—p'(s)Uyt; + pUyt; > 0 if U" = 0.

The direct effect of an increase in punishment on the incentive to self-pro-
tect would be positive if U” = 0 and may be positive even if U” < 0, provided U
was not too concave. This effect would at least partly offset the deterrent effect
on t;. Therefore, the observation that efforts to apprehend and convict offenders
have a greater deterrent effect on some offenders relative to an increase in the
severity of punishment may be explained simply by the interaction between self-
protection and crime, and may be consistent with neutral (or even negative)
attitudes toward risk.%® ‘

In analogy to the incentive offenders have to self-protect against the hazard

69. Note that the results derived in Appendix 1 to Section I (as well as in the text) re-
garding the relative deterrent effect of the probability and the severity of punishment refer
to the partial effect of p and f when either alone changes. The analysis above is concerned
with the effect of a change in f when r, not p, is held constant. It does not affect, therefore,
the results summarized in equation (A.8) in Appendix 1 to Section I1, and in equation (1.10)

in footnote 13 in the text, or the corresponding hypotheses tested in the empirical investiga-
tion.
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of apprehension and punishment, potential victims of crime have an incentive to
self-protect against the hazard of becoming victims to crime. For example, the
probability of becoming a victim to burglary or robbery can be reduced by in-
stalling security locks and burglar alarm systems, or by keeping watchdogs; that
of becoming a victim to assault or rape can be lowered by using appropriate
means of transportation and escorts when traveling at certain locations and hours.
Another option available to individuals is to reduce the potential size of their
losses if victimized (self-insurance), for example, the loss from a house burglary
can be reduced by keeping money in saving accounts and valuables in safe deposit
boxes. Since the formal analysis of these methods of shifting risks is virtually
identical to that presented in Ehrlich and Becker (1972) the interested reader is
referred to this source for a detailed discussion of the behavioral implications. An
example of aggregate self-protection by potential victims through law enforce-
ment activity is discussed in Section IV, C, of this paper.

APPENDIX 1 TO SECTION III:
THE EMPIRICAL COUNTERPARTS OF OUR
THEORETICAL CONSTRUCTS

The empirical counterparts of our constructs can be itemized as follows:

1. (Q/N);, the crime rate of a specific crime category, is measured as the
number of offenses known to the police to have occurred in a given year per
100,000 (state) population. Statistics of offenses known are based on a count
of complaints of crimes filed with the police by victims and other sources and
subsequently substantiated. Since reporting a crime is time consuming and may
involve psychic and other disadvantages, an underreporting of crime is ex-
pected, especially in the case of milder offenses where the various costs of
reporting may exceed its benefits (the potential recovery of stolen property, the
collection of insurance benefits, or vengeance).” If relative underreporting of
specific crimes did not differ systematically across states and percentage report-
ing errors were random, the relative variation in the rate of offenses known
would serve as an unbiased approximation to that of the true crime rate (see
Appendix 1 to Section 1V).

2. P,, an average offender’s subjective probability that he will be appre-
hended and punished for his engagement in a specific crime category in a given
year, may be approximated by the objective probability that a single offense will
be cleared by the conviction of an offender.”™ At present, no judicial statistics on

70. Evidence consistent with this argument is presented in PCL, 1967(b), pp. 18, 19.

71. If the probability that an offender will be apprehended and convicted of his criminal
activity in a given year were independent of the amount of time he devoted to illegal activity,
as our mode] has assumed for simplicity, an objective measure of P would be the ratio of the
number of offenders convicted, C’, to the number of active offenders in the same year, or
P, = (C'/6);. This ratio would be the same as the ratio of offenses cleared by conviction
to the total number of offenses committed, or K/Q, if those convicted committed the same
number of offenses per period, Z, as other offenders in the same state, or (K/Q) = ({C'/6).
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the number of convictions are available on a statewide basis. Instead, we have
computed the ratio of the number of commitments to state (and in the case of auto
theft also federal) prisons in a given state to the number of offenses known to
have occurred in the same year, (C/Q),.”? Of course, not all those convicted are
committed to prisons; some (especially young offenders) are sent to correctional
institutions or released on probation. To the extent that the proportion of such
convicted offenders did not differ systematically across states, the relative varia-
tion in (C/Q); could serve as an efficient approximation to that in P,.

It is possible that a purely statistical exaggeration of the expected negative
sign of the regression coefficient associated with (C/Q), in equation (4.1), by,
would result from spurious correlation. Recall that the dependent variable is
(O/N);. If Q; were not measured appropriately, the errors in the numerator of
the dependent variable and in the denominator of the probability measure would
move in the same direction. This spurious correlation would bias b,, to a higher
(absolute) value if and only if the absolute value of the true regression coefficient
were lower than unity (a proofis given in Appendix 1 to Section ['V).” A spurious
correlation may also exist in an opposite direction, however, for if the recovery
of stolen merchandise or vengeance played an important role in determining the
reporting of an offense, or if the fraction of reported offenses were positively re-
lated to law enforcement activity, a low probability of apprehending and convict-
ing offenders would be associated with a low rate of reported crimes, thus biasing
the correlation between (Q/N); and (C/Q), toward a positive value. A similar
argument can be made regarding the correlation between the severity of punish-
ment and reported crime.

3. F,;, the average cost of punishment for a specific crime category, is meas-
ured by the average time actually served by offenders in state prisons for that
crime before their first release, 7;. As with our measure of P, if the relative
variation in T; also reflected the relative variation in the severity of other puni-
tive measures imposed for the same crime, and if, in addition, current values of
T, in different states indicate effectively the long-run levels of these variables, as
forecast by potential offenders in those states, then T; would serve as an effi-
cient indicator of F;. Note, however, that T, is not proportionately related to F,.
For example, the opportunity costs of imprisonment, F’, which may be assumed
to be proportionally related to the total cost of punishment, would be measured
under a continuous discounting process as F' = [Twe " di, where w denotes
an average prisoner’s (constant) foregone value of time per period of imprison-
ment and r is the relevant discount rate. The elasticity of crime rates with respect
to T, o7, can therefore be expected to be consistently lower than that with

72. Data for both this and the following variable, T, are collected from the National
Prisoner Statistics. These variables were first used by Smigel-Leibowitz (1965).

73. If the number of offenses commitied by the average offender, {, were positively
related to the crime rate, then our probability measure C/Q would underestimate the
relative level of the true probability in states with higher crime rates. This might inject a
further negative bias on the regression estimates of b,.
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respect to F, oyr, the difference being particularly significant in the case of crimes
punishable by long imprisonment terms.”

4. As indicators of differential returns in property crimes we use W and X
(see the discussion in Sec. 111, B). -

5. U, the average probability of unemployment in legitimate activities in a
given year, is measured by census estimates of yearly unemployment rates in
the civilian labor force. The variation in unemployment rates may not fully
capture the variation in the average unemployment duration across states, for
which data were not available in our sample years, and thus it may not reflect
the true variation in the relevant probability of unemployment with sufficient
accuracy. One way to minimize potential biases is by narrowing the base of the
unemployment index to apply to relatively homogeneous groups of labor-force
participants. Alternative estimates used have been the unemployment rate of
urban males in the age group 14-24, U,,_,,, and 35-39, Uss_4e. Another way is by
introducing census estimates of labor-force participation rates jointly with un-
employment rates. We have actually used the labor-force participation rate of
civilian urban males in the age group 14-24, L,,_,,.

6. E/N, the per capita amount of resources allocated to law-enforcement
activity in a given year, is measured as the per capita yearly expenditure on
police activity by state and local governments (collected from Governmental
Finances in 1960). Data on expenditures on courts by local governments, which
bear the bulk of these expenditures, are not available on a statewide basis. To
the extent that the proportion of total expenditure on direct law enforcement de-
voted to courts did not differ systematically across states (the production func-
tions (3.3) were homogeneous with respect to police and court activity ? and the
ratio of factor costs were constant), and if, in addition, the absolute prices of
the relevant factors were constant, the relative variation in our measure of E/N
would approximate its true variation. However, the absence of data on private
expenditure on self-protection might bias our estimates of equation (3.3) if the
former had a direct effect on apprehending and convicting offenders and were not
related proportionally to the per capita expenditure on police. To some extent,

74. Assuming that losses due to the criminal record effect and other disadvantages
of punishment for crime are proportionally related to F’, it is easily shown that (d In F)/
(dIn T)=(@¢Te (1 —e )= A < 1. This implies that the coefficient b,; in eqq. (4.1)
and (4.3) is lower than b,; in eq. (3.2) by a constant proportion, A. Clearly, X tends to zero
as T tends to infinity. Another difficulty with the use of T is that it measures the average
penally per offender, not per offense. To the extent that the number of offenses committed
by the average offender was positively related to the crime rate across states, estimates of
b, might be biased toward positive values.

75. By definition, the probability of apprehension and conviction is P = P, - P,
where P, is the probability of apprehension and P, Iis the conditional probability of con-
viction, given apprehension. If P, = g(E;) and P, = h(E.) were homogeneous with re-
spect to real per capita expenditure on police (E)) and courts (EZ), so would P be with
respect to both,
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we may have accounted for the variation in private self-protection by the varia-
tion in the schooling level of the adult population across states, Ed. The latter
can be shown to be positively related to optimal expenditures on the former (see
Ehrlich and Becker, 1972).

7. The percentage of young males aged 14-24, 4,,_,,, and the percentage of
nonwhites in the population, NW, are introduced in the regression analysis to
account for variations in the demographic composition of the population. One
reason for standardizing the observations for age and racial composition is to
increase the efficiency of our estimators of probability and severity of punish-
ment. For example, there is likely to be a.positive correlation between the age
of offenders and the use of punitive methods other than imprisonment across
states. In addition, since the variation in differential returns from criminal ac-
tivities is only indirectly accounted for in the regression analysis via X and W,
the effect of both 4,,_.; and NW may partly reflect the effect of such differential
returns, or a lower opportunity cost of imprisonment, for the legitimate employ-
ment opportunities of young age groups and nonwhites are well below the aver-
age, whereas their returns from illegitimate activity may not be significantly dif-
ferent. (For a more detailed discussion of schooling, age. race, and crime, see
Ehrlich, NBER and Carnegie Commission on Higher Education (1974).) Given
P and T, both NW and A4,,-., may thus be positively related to all crime rates.
Other demographic variables used in some of the cross-state regressions are
listed in Table 1.

APPENDIX 1 TO SECTION IV:
ANALYSIS OF MEASUREMENT ERRORS

This discussion analyzes the impact of errors of measurement in the ¢rime rates
and the probabilities of apprehension and conviction on the least-squares esti-
mates of the coeflicients of the supply of offenses function. We start with the

simple stochastic equation:
Qn Co B;
<7\—’-)1 = Ay (--Q—o)i esi, (C.1)

where Q¢ denotes the true number of offenders engaged in crime category i (the
latter subscript will henceforth be omitted), C?is the number of offenders con-
victed of such crimes, N is the state population, 4, is a constant term, ¢ is the
base of natural logarithms, and € is a stochastic variable, independently and
identically distributed, with a zero mean and a constant variance. Equation (C.1),
thus, relates the crime rate to the probability of apprehension and conviction.

If the number of reported offenses, Q, and the number of convicts entering
state prisons, C, were related to Q° and C° by

Q = Q°(1 — g)e®, (C.2)

and
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C=C(1 —d)e*, (C.3)

where g and d are constants and w and u are measurement errors, each a random
variable independently and identically distributed, with a zero mean and a con-
stant variance, then (C.1) could be written in terms of Q and C as

(=)~ (Gi=oe) « €.

The regression model would thus be
g—n=a+In(l—g)(1+B)—In(l —d)B
+Bc—q)+[e+ 1+ Bw—Bu), (C.3)

where g, n, ¢, and «a, are the natural logarithms of @, N, C, and A4,, respectively,
and a, = In (1 — g)(1 + B) — In (1 — d)B is an additional constant term.’®

The least-squares estimates of (C.5) are both biased and inconsistent. Note,
first, that

Q!ll;l:l (b — B)=var(c—g)'cov[(c—gq), (e + (1 +B)w—Bw] (C.6)

is not zero. Specifically, if €, w, u, ¢° and ¢° were mutually uncorrelated, (C.6)
would equal

QiﬂT (b — By =—var (c — ¢)'[(1 + B) var (w) + B var (w)] (C.7)

The direction of bias in b cannot be determined unambiguously, however, with-
out making specific assumptions regarding the value of 8 and the relative magni-
tudes of var (w) and var (u). If var (u) were zero, (C.7) would imply that

plimb < Bifg=0,
plimb < Bif0> g =—I, (C.8)
plimb > Bif 0 > g < —1.

Put differently, the absolute magnitude of the regression coefficient & is likely to
_ be biased upward if the absolute value of 8 were lower than unity, and downward
if the latter were greater than unity (provided that 8 < 0). In general, var (u),
hence the second term on the right-hand side of (C.7), are positive. Consequently,
plim 6 may be smaller than B in absolute value, even if 8 = —1. Moreover, since
(C.7) is a weighted average of var (i) and var (u), the weights being (1 + ) and
B, respectively, the importance of var (u) in determining the direction of bias in
b would increase as the value of 8 was closer to —1.

Finally, the direction of bias in b also determines the direction of bias in the

76. Note that if 8 > —1, a, would be negative in sign, since g and d are, in general,
lower than 1.
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least-squares estimate of the intercept a = a, + «,, since glim a=a+ (B -

plim B)E(c — g).

Errors of measurement in Q/N and C/Q affect not only a and 8in (C.5), but, -

in general, all the regression coefficients in the multiple regression regarding the
supply-of-offenses function. To evaluate these effects, the foregoing discussion
may be generalized following a model developed by Lindley and applied for a
similar problem by Chow (1957). Let y° be a vector (N X 1) of the natural
logarithms of the true crime rates (q° —n) and let X° =[x9, x3,..., x}] be a
matrix (N X p) of p predetermined variables of which x{ designates the true
probability of apprehension and punishment (¢® — g°). It is assumed that the re-
gression of y° on all the x”’s is linear, that is,

yY=Xg+e (C.9)
Hence

cov (X9)B = cov (X?, y9), (C.10)

where cov (X°) designates the variance-covariance matrix of X” in the popula-
tion. If y” and X° were related to their measured values by

y=y+w, (C.11)
and
X=X4+U (C.12)

where w and U are an (n X 1) vector and an (n X p) matrix of measurement
errors, respectively, and if all errors of measurement were random variables,
independently and identically distributed, independent of y° and all the X°’s and
normally distributed, Lindley shows that the regression of y on the X’s would be
linear provided that the latter have a multivariate normal distribution. In this case,
therefore,

cov (X)b =cov (X, y), (C.13)
where
b=@m5

Substituting for the x”’s and the y° their values from (C.11) and (C.12) equation
(C.10) becomes

cov (X — U)B=cov [(X —U), (y —w)l (C.14)
Since cov (X U) = cov (U), and using equation (C.13), (C.14) reduces to
cov (X)(b — B) = —[cov (U)B — cov (U, w)], (C.15)

or

b — B =-—cov (X) '[cov (U)B — cov (U, w)]. (C.16)

- v o —— e - b ———n =
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Henceforth, the analysis is a straightforward application of Chow’s develop-
ment (op. cit.). Assuming that only x; = (¢ — g) was subject to a measurement
error: e =(u — w), and denoting cov (e) =e? =cov (u) +cov (w) = u2 + w? it
can be shown that

M_.2 #2
bk—Bk=—sz+eg(l +ﬁk)—;2—+—ezﬁk, (C.17)
and
we #2
bury — Bp = diyp [m 1+ 8+ g Bk], (C.18)

where d,, is the partial regression coefficient of x;, on x,. in the multiple regres-
sion of the former on all the other x,'s (p # k); (s2 4 e?) 1s the variance of the
residual term in the same regression; and s? is the variance of the residual term in
the regression of x{ on all the x,’s. Clearly, (C.17) has the same implications as
(C.7). In addition (C.18) implies the following generalization: the least-squares
estimates of the regression coefficients of variables other than x, would be biased

in the same direction as by, if d,,, were negative, and in an opposite direction if dy,
were positive.’"

APPENDIX 2 TO SECTION IV:
DOES CRIME PAY?

Crime always pays, according to the assumption underlying our model, if the
variety of all monetary and psychic costs and returns offenders derive from
engaging in crime as well as their utility from assuming risk are taken into ac-

77. Simple least-squares estimates of d,, associated with the basic explanatory varia-
bles in the supply of offenses functions in 1960 are shown below in Table A.1.

TABLE A.l
THE PROBABILITY OF IMPRISONMENT FOR VARIOUS FELONIES
REGRESSED AGAINST SELECTED VARIABLES

Estimate of d,, Associated with p

k = Probability of Punishment for: T; w X NW
Murder —0.2468 —0.7297 —0.6373 —-0.1532
Rape —0.1818 —2.1461 —1.3940 —0.2800
Assault —-1.2165 —0.7502 0.5878 —0.4885
Robbery —0.3715 —1.9805 —0.9631 —0.0997
Burglary ~1.0511 —1.5533 0.1415 0.0790
Larceny —-1.1913 —0.4920 2.2799 0.0324

Auto theft —0.5098 0 2.1744 —0.0531
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count, and if offenders act rationally. Since psychic costs and gains cannot be
measured directly, one may attempt to measure the monetary costs and returns
from a single offense in those crimes in which the payoff is measurable in mone-
tary terms. Whether crime pays in the monetary sense alone, however, would, in
general, depend on the importance of the monetary relative to the nonmonetary
aspects of crime. In particular, if psychic costs and returns average out to a
constant magnitude, equal for the property crimes considered in this discussion
(auto theft is excluded in this analysis), the algebraic value of the net expected
gain on a single offense at the margin would indicate the relative premium re-
quired by offenders in order to compensate themselves for assuming the risk in-
volved in these crimes. An independent test for the offenders’ attitudes toward
risk may thus be obtained for the three property crimes considered (robbery,
burglary, and larceny).
The expected net monetary return on a single crime against property is

E(wy) = (1 — p)w; + p[(1 — d)w; — f],

or
E(w) = (1 — dp)w; — pf,

where w;, w, and f; are here defined to include monetary elements only, and d
denotes the conditional probability that the stolen property would be recovered
by the police if the offender were apprehended.

In the following calculations of the expected net monetary returns, w; is
measured by the average reported value of property stolen in a single offense
type i.”® The cost of conviction on a single offense is neasured by the average
disposable income foregone while serving an actual prison term T, in state
prisons in 1960. Disposable income is computed on the basis of the median in-
come of males with eight years of schooling, net of the average income tax ac-
tually paid in 1960, with the data being corrected for the age and race of those
sent to state prisons and for the likelihood of being unemployed in legitimate
markets.” Finally, the expected cost of conviction is calculated as the product
of the latter statistic and the probability of being punished by imprisonment

78. The relevant statistic should be the market value of stolen property in each crime
category, which may be considerably lower than its reported value. No information is given
in the UCR on the market value of stolen merchandise by type of crime. It is possible, how-
ever, that the discount rates charged by fences when purchasing stolen goods are approxi-
mately the same except for auto-theft, which is why auto-theft is excluded from property
crimes whose expected net pecuniary returns are compared below.

79. The available information concerns income rather than earnings, although the
latter statistic may be a more appropriate measure of market opportunity costs of incarcera-
tion. No attempt is made to measure the nonmarket opportunity costs of incarceration, the
criminal record effect, or the value of direct benefits received during imprisonment, nor to
discount the value of earnings foregone in relatively distant incarceration periods.

.- -
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(approximated by (C/Q);), with the expected cost of other forms of punishment
omitted.®

The results are presented in Table A.2.

TABLE A.2
PeEcUNIARY COSTS AND RETURNS ON CRIMES OF THEFT

Crime Average Gross Return @ Average Expected Cost
Robbery $256 $620
Burglary 183 102
Larceny 178°® 83

a Estimates of the conditional probability that stolen property would be re-
covered by the police, d,, are not broken down by these specific crimes. UCR
estimates of the percentage of stolen property recovered by the police range
below 10 per cent for all goods except autos.

b Average gross return on larceny over and under $50 is only $74 in 1960.
However, since the measures of the probability of imprisonment and the average
time served in prisons for larceny (C/Q) may essentially relate to larceny over
$50 (data on the number of larcenies relate to larcenies over $50 only, and
offenders committed to prisons for larceny are presumably mainly those con-
victed of more serious larcenies), the average gross return on larceny over $50
has been estimated on the basis of data provided by the UCR for 1965.

80. The true expected cost of conviction is pf, where p is the probability of being con-
victed of an offense and fis the *‘average punishment” imposed in the case of conviction,
Assuming that the various forms of punishment are mutually exclusive,

pP=p+py
where p, is the probability of being punished by imprisonment and p, is the probability of
being put under probation, released into parents’ custody, and so on. Similarly,

r=Bn+2

where f,, f» are the monetary losses associated with the two forms of punishment dis-
cussed. It follows that
pf=p i + pfo, |

which is approximated by p,f; on the assumption that f, is small.

Even though expected cost of punishment p, f; in each class of offenses is computed
for a single offender rather than for a single offense p;f;, these two measures may be
approximately equal. Assume that each offender committed { offenses. Then the relevant
probability and severity of punishment estimates may be, according to n. 71,

r,__C_C' n=é
pl_Q9andfl C’

assuming the actual punishment to the offender is proportional to the number of offenses
committed. Thus,
pifi=npifi-
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The estimated probabilities of punishment employed in Table A.2 above are
based on the ratio of commitments over the reported number of offenses. If these
probabilities were calculated adjusting for the percentage of unreported crimes in
each crime category according to estimates from the President’s Commission on

Law Enforcement and Administration of Justice (1967(a), p. 22), average ex-
pected costs would become:

TABLE A.3
REVISED ESTIMATES OF PECUNIARY COSTS AND
RETURNS IN CRIMES OF THEFT

Crime Average Gross Return Average Expected Cost
Robbery $256 $459
Burglary 183 71

Larceny 178 59

Given the estimates of costs and returns reported in Table A.3, the ex-
pected net gain in robbery appears negative, while the expected net gains in
burglary and larceny appear positive. Clearly in view of serious omissions of
various nonpecuniary costs and returns in our calculations the absolute values
of these estimates are unreliable. However, if the same percentage errors applied
to all specific estimates of costs and gains respectively, the ranking of the three
property crimes investigated above might not be affected. By this ranking rob-
bers appear to be risk preferrers relative to burglars and thieves.
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