Economica (2005) 72, 655–681

A Dynamic Model of Differential Human Capital
and Criminal Activity
By H. NACI MOCAN,wz STEPHEN C. BILLUPSw and JODY OVERLAND
wUniversity of Colorado at Denver

zNBER

Final version received 14 June 2004.
This paper presents a dynamic model of criminal activity. Individuals are endowed with legal
and criminal human capital. Potential incomes in legal and criminal sectors depend on the
level of the relevant human capital, the rate of return and random shocks. Human capital can
be enhanced by participating in both sectors. Legal human capital can also be enhanced
through investment. Human capital is subject to depreciation. Individuals maximize expected
discounted lifetime utility, which depends on consumption. The model allows analyses of the
effects of recessions, imprisonment/rehabilitation scenarios, sanctions and returns to human
capital. New insights, such as hysteresis in criminal behaviour, are obtained.

INTRODUCTION
Becker’s seminal paper (1968) created the foundation for the economic analysis
of criminal behaviour. His model, extended by Ehrlich (1973), postulates that
participation in criminal activity is the result of an optimizing individual’s
response to incentives such as legal and illegal market opportunities. Rational
economic agents decide to engage in criminal activity after comparing the
ﬁnancial rewards from crime with those obtained from legal work, taking into
account the probabilities of apprehension and conviction and the severity of
punishment. More precisely, in the Becker–Ehrlich model the individual
maximizes a von Neumann–Morgenstern expected utility function, with
arguments about the amount of time devoted to non-market activity (which
is ﬁxed) and the consumption of a composite market good. The individual can
spend time in both the legal and illegal markets, and the real return (in terms of
income or the consumption good) in each market is a monotonically increasing
function of time spent in that market. With a subjective probability p, the
individual is apprehended and punished, which reduces the level of income.
With probability (1  p), the individual escapes apprehension and keeps the
income generated in both markets. Maximization of expected utility in this
framework generates a ﬁrst-order condition, the analysis of which leads to
a number of behavioural implications. For example, an increase in the
probability of apprehension and the severity of punishment reduces the
incentive to participate in criminal activity, and these effects are increasing in
the agent’s degree of risk aversion. Similarly, a decrease in legal real wages
increases the likelihood of criminal activity.
More recent models that proposed slight modiﬁcations to the Becker–
Ehrlich model produce ambiguous comparative-static results. For example,
Block and Heineke (1975) pointed out that, if time spent in legal and illegal
activities enters the utility function directly, comparative-static analyses cease
to yield deﬁnitive results under traditional preference restrictions. Schmidt and
Witte (1984) showed that, in a model consisting of eight possible outcomes (e.g.
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employed and not apprehended, unemployed and not apprehended, unemployed, arrested but not convicted, etc.), one cannot determine the relationship
between criminal participation and the variables of interest without (in some
cases) fairly strong assumptions.1
Witte (1980) proposed a model where both the time spent in legal and
illegal markets and legal and illegal consumption are arguments of the utility
function. Her model too generates ambiguous comparative-static results. Thus,
both Block and Heineke (1975) and Witte (1980) conclude that, to inform
policy decisions adequately, the guidance of empirical analysis is needed.
Empirical investigations have generally conﬁrmed the predictions of the
original Becker–Ehrlich model, uncovering negative impacts on crime of
deterrence variables and improved economic conditions2 (Corman and Mocan
2005; Mocan and Gittings 2003; Corman and Mocan 2000; Freeman and
Rodgers 2000; Mocan and Rees 2005; Grogger 1998; Levitt 1998; Tauchen
et al. 1994).
Although the economic models of crime have revolutionized the analysis of
criminal behaviour, they have some other potential shortcomings in addition to
the ones described above. For example, they do not recognize the possibility of
a bi-directional causality between criminal activity and its determinants.
Although the impact of potential legal earnings (legal wages) on crime is part
of the traditional economic modelling of crime, previous theoretical work fails
to take into account the possible inﬂuence of criminal activity on future labour
market opportunities.
In addition, recently some social scientists have questioned the power and
applicability of the economic paradigm to analyse criminal behaviour. Some of
the explicit or implicit criticisms include the failure to incorporate individual
heterogeneity into the model in a satisfactory manner. For example, Wilson
(1994) stated that ‘[we need to understand] . . . that people facing the same
incentives often behave in characteristically different ways because they have
been habituated to do so’, while ‘changing incentives will not alter the
behaviour of poorly habituated people as much as we would like, at least in the
near term’.3 In other words, differences in individuals’ backgrounds, especially
with respect to past participation in criminal activity, necessarily affect their
response to incentives. It seems important to address such heterogeneity
explicitly.
In this paper we propose a new economic model of criminal behaviour,
which addresses these and some other important issues in a coherent
framework. The differences between our model and the existing crime models
are described in the next section. Section II presents the formal model and its
solution. Section III displays the investment and criminal activity policy of the
individual whose behaviour is analysed. Section IV presents the dynamic
optimal behaviour of the individual and responses to various scenarios. Section
V concludes.

I. IMPROVEMENTS

OVER

PREVIOUS MODELS

The present model differs substantially from earlier models cited above and
their more recent variants. In static crime models individuals make choices at a
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particular point in time without regard for the impact of today’s decision on
future opportunities. Our model is dynamic, and a particular decision (e.g.
participation in the criminal sector) has implications both for future decisions
and for the choices available to the individual in later periods.
Flinn (1986) and Lochner (2004) also introduce dynamics in some fashion,
but they formulate vastly different frameworks from the model developed in
this paper. Other examples of departure from standard crime models are
Zakharova (2000), who develops a two-period overlapping-generations model
of gang activity; Burdett et al. (1999), who develop a dynamic labour market
model where workers have the option to steal from another worker; Leung
(1995), who formulates the recidivism behaviour of a risk-neutral wealthmaximizing agent; O’Flaherty (1998), who analyses individuals’ repeated
criminal decisions when facing probability of apprehension as well as wrongful
punishment in an inﬁnite horizon setting; and Imrohoroǧlu et al. (2001) and
Platania and Schlagenhauf (2000), who construct dynamic general equilibrium
models that are capable of explaining the time-series behaviour of the crime
rates in the United States.
In our model individuals possess two types of human capital: legal human
capital, which determines expected earnings in the legal sector, and criminal
human capital, which determines expected illegal earnings. The notion of
investment in human capital is standard (Ben-Porath 1967; Grossman 1972;
Becker 1993). On the other hand, the concept of allowing the individual to hold
two types of human capital simultaneously within the context of a dynamic
crime model has not been explored before.4 Both types of human capital can be
enhanced by participating in legal and criminal sectors, and legal capital can
also be increased through investment. Thus, as the decision to allocate time to
each sector depends on the level of both types of human capital, the level of
human capital also depends on the extent of sector participation. This notion is
similar to those developed in the labour economics literature pertaining to the
simultaneity of wages and labour supply (e.g. Blinder and Weiss 1976). In this
setting the endogenous relationship between differentiated human capital and
participation in differentiated labour markets (legal and criminal) is analysed.
Second, in the model the individual’s earnings (legal as well as illegal)
depend on his human capital (legal and illegal) and on the rate of return to
both types of human capital. In other words, we adopt a standard human
capital earnings model, where an exogenous rate of return and endogenous
human capital determine the realized earnings (along with stochastic shocks).
In this framework we analyse criminal behaviour and its evolution in various
scenarios, such as the impact of certainty and the severity of punishment on the
acquisition of legal and illegal human capital.
Third, the model not only allows us to analyse the impact of deterrence and
legal market opportunities on current criminal activity, but also permits
analyses of the nature of the incarceration experience on future behaviour. This
therefore is the ﬁrst paper to propose an analytical approach to the effect of
various treatment/punishment regimes on the post-incarceration response of
optimizing individuals. In traditional crime models, recidivism (repeated
criminal behaviour) is a rational response to unchanging opportunities faced
by the criminal. If it is optimal for the individual to engage in criminal activity,
given his environment (the return to legal and illegal activities, the cost of
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punishment and the probability of apprehension), before he went to prison, it
will be optimal again after he leaves prison, since the relevant constraints
remain unchanged. In our model the individual may or may not engage in
criminal activity after leaving prison. This is because part of the environment
that affects behaviour is endogenous and is a function of human capital
appreciation or depreciation while in prison.
Fourth, the dynamic structure of the model enables us to observe the multi-period behaviour of the individual, which provides additional insights
unavailable from static models. For example, ﬁrst-generation Becker–Ehrlich
type crime models predict that an increase in the probability of unemployment
in the legal sector, proxied for by an increase in the unemployment rate,
increases the likelihood of entry into the illegal sector. These models postulate
that this relationship between unemployment and criminal participation is
symmetrical; in other words, a decrease in unemployment decreases criminal
participation. However, the model we propose generates a different and novel
prediction. In our model the potential exists for the individual to participate in
the illegal sector during the recession, as predicted by standard theory; but,
contrary to the symmetry implied by the standard model, the individual may
tend to remain in the criminal sector after the recession ends. This hysteresis, or
recession–crime trap, is due to simultaneous depreciation of legal human
capital and the appreciation of criminal human capital during the recession: in
terms of labour market opportunities, he may not be the same person postrecession.
Fifth, our model is capable of explaining a regularity in criminal activity.
As stated by Grogger (1998),
[t]he likelihood of committing crime typically increases with age until the late teens
and then declines. This relationship is quite robust, and seems to hold up across
countries, at different points in time, and largely irrespective of the way crime is
measured. Although criminologists have studied this phenomenon extensively, they
have yet to explain it.
(Gottfredson and Hirschi 1986)

Grogger says that,
if criminal behaviour responds to wages, then the age distribution of crime may well
be a labour market phenomenon. Wages represent the opportunity cost of
committing crime, and they rise steeply with age during the early part of one’s career.
(Grogger 1998, p. 757)5

Although the rising age–earnings proﬁle of an individual is a reasonable
explanation of the decreased propensity to engage in criminal activity as one
ages, the actual mechanism and dynamics of this relationship remain unclear.
The aforementioned age–earnings proﬁle pertains to legal workers, and not to
criminals. The increased age–earnings proﬁle of an individual who has been
working in the legal sector is due primarily to the marketable skills acquired
through participation in this sector. Therefore, an individual who has
participated exclusively in the criminal sector has not accumulated the
marketable legal human capital that would provide higher legal wages later
in life. An individual who has been participating jointly in both sectors can
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conceivably increase his human capital over the course of his life-cycle to the
level where exclusive participation in the legal sector is optimal. However, it is
unrealistic to believe that such an individual, who is presumably employed in a
low-skilled/low-wage legal-sector job, would have a steep age–earnings proﬁle.
Put differently, even though higher wages are expected to impact criminal
participation negatively, as predicted by standard theory, it is not obvious why
someone who was a criminal at a younger age, and faced a given (presumably
lower) wage level, should command higher wages in the legal sector when he
gets older.
Our benchmark model (explained below) provides a mechanism by which
even high rates of participation in the criminal sector throughout an
individual’s youth can still lead to his switching to the legal sector later in
life. The mechanism by which this is accomplished is the efﬁciency with which
savings/investment are translated into legal human capital. If a participant in
the illegal sector perceives that investment in legal human capital promises a
sufﬁciently high rate of return once he switches to the legal sector, then it may
be optimal for him to limit current consumption and invest in legal human
capital via education; and increased legal human capital generates the switch to
the legal sector.

II. THE BENCHMARK MODEL
The individual maximizes expected discounted lifetime utility, which depends
on consumption. There are two possible income sources, one from participation in the legal sector and the other from participation in the illegal sector.
The individual is endowed with given stocks of legal and illegal human capital.
Both types of human capital can be enhanced through experience in both
sectors, and legal human capital can be increased by investment. Both types of
human capital are subject to depreciation. Incomes from both legal and illegal
sources are functions of the relevant human capitals and their respective rates
of return. They are also subject to random shocks. The individual can divide
his time at a given time period between legal and criminal sectors; that is, he
can jointly participate in criminal and legal markets.
In each period the individual solves a two-stage dynamic stochastic
optimization problem. In each period he ﬁrst decides on the proportion of time
to be allocated to the criminal sector (and therefore to the legal sector). Then,
after the realization of income from that particular decision in that period, he
decides on the optimal amount of consumption. These ideas are formalized as
follows.
At each time point the individual maximizes
ð1Þ

E

1
X

bt Uðct Þ;

t¼0

where b is the time discount (0obo1), ct stands for consumption at time t, and
E is the expectations operator. The utility function U(ct) depicted in (1) takes
on the form depicted in equation (2), where s41 combines risk aversion and
intertemporal elasticity of substitution:
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The following holds between consumption (ct), income (yt) and investment in
legal human capital (It):
ð3Þ

0)ct )yt ; It ¼ yt  ct :

Income is determined by yt ¼ maxðynt ; ymin Þ and
ð4Þ

cr lg
ynt ¼ ftcr ycr
t þ ð1  ft Þyt ;

ð5Þ

cr cr
ycr
t ¼ r ht þ xt ;

ð6Þ

lg lg
ylg
t ¼ r ht þ m t ;

where ymin40 represents a lower bound on income, suggesting that welfare
programmes and other types of social networks provide a positive amount of
income to the individual; ynt stands for earned income at time t; and f cr
represents the fraction of time the individual spends in the criminal sector
ð0)f cr )1Þ: Put differently, the individual can participate in both legal and
criminal sectors simultaneously, and the fraction of his time that will be
allocated to each sector is a choice parameter. Income from criminal activity at
lg
lg
time t is represented by ycr
is income from legal activity; hcr
t ; and yt
t ; and ht
cr
lg
represent criminal and legal human capitals, respectively; r and r stand for
the returns to criminal and legal human capitals; and xt and mt are shocks to
income with E[xt] ¼ E[mt] ¼ 0. We also postulate that E[xtmt] ¼ 0, which
implies that unexpected shocks to legal income are not correlated with
perturbations in illegal income.
E½xti xtj  ¼ E½mti mtj  ¼ 0

for i 6¼ j;

that is, the shocks are serially uncorrelated. They have normal distributions
with standard deviations of one.
Criminal human capital evolves according to the following difference
equation:
ð7Þ

cr cr
lg
cr cr
cr
hcr
tþ1 ¼ f C þ ð1  f ÞC þ ð1  d Þht ;

where Ccr and Clg represent the amounts by which criminal capital is enhanced
from participation in the criminal sector and legal sector, respectively,
although exclusive participation in one sector is permissible. The extent of
the impact on criminal capital also depends on the time spent in each sector (fcr
and (1  fcr)). This means that individuals become more skilled criminals
through learning-by-doing, and experience gained in the legal sector also helps
them enhance their criminal capital. Criminal human capital is subject to
depreciation (dcr). Note that positive Clg implies a lower bound on criminal
cr
lg
capital: hcr
min ¼ C =d ; which can be added to and subtracted from (7) to give
another formulation for criminal capital’s behaviour in (8):
ð8Þ

cr
cr
lg
cr
cr
cr
cr
hcr
tþ1 ¼ hmin þ f ðC  C Þ þ ð1  d Þðht  hmin Þ:

Legal human capital evolves according to the following difference equation:
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lg lg
lg
cr cr
cr
hlg
tþ1 ¼ f O þ ð1  f ÞO þ ð1  d Þht þ lðIt Þ;

where Ocr and Olg represent the amounts by which legal human is enhanced by
participation in the criminal sector and legal sector, respectively; dlg is the rate
of depreciation of legal human capital and l is a monotone-increasing function
representing the increase in legal capital due to investment.
The term l(It) in (9) provides a mechanism whereby individuals can
increase their legal human capital by investment in schooling and training. The
amount of legal human capital that can be acquired through investment has an
upper bound of lmax, and
lðIÞ ¼ lmax ð1  eaI Þ:
The parameter a determines the speed at which l(I) approaches lmax.
Speciﬁcally, the slope of l(I) at I ¼ 0 is given by a. The behaviour of legal
human capital enhancement as a function of investment for the benchmark
model is depicted in Figure A1 in the Appendix.
Note that, if an individual participates only in the legal sector but does not
invest (so that l(It) ¼ 0), his legal capital will eventually grow to an upper
lg
cr
bound of hlg
¼ Olg =dlg . Similarly, lowest possible legal capital is hlg
min ¼ O =d :
n
When the individual participates in the criminal sector, he faces the
likelihood of getting caught and incarcerated. The probability of incarceration
depends on the skill level of the criminal, represented by his criminal capital, as
well as on the extent of his criminal activity. A higher level of criminal capital
makes incarceration less likely as the criminal possesses the know-how about
avoiding arrest. On the other hand, if the proportion of time spent in the
criminal sector ( f cr) rises, this increases the likelihood of getting caught.
Speciﬁcally,
ð10Þ

pðhcr ; f cr Þ ¼ 1  exp½Z f cr =ðv þ hcr Þ;

where p is the probability of incarceration, Z is a parameter that represents the
effectiveness of the criminal justice system (larger values of Z imply higher
likelihood of incarceration) and n captures the impact of the individual’s
criminal capital on his ability to avoid incarceration. (A larger n is associated
with a smaller difference in the probability of incarceration among individuals
with high versus low criminal capital.) The speciﬁc shape of p for the
benchmark model is displayed in Figure 1.
If the individual is incarcerated, he spends time in prison. This represents
both a loss of income and a loss of utility, where the latter can be monetized.
Although prison time may involve multiple periods of incarceration, there are
no decisions to be made (about sector participation or investment) while in
prison. Therefore, to evaluate the expected value of a decision, prison time can
be compressed into a single step. More speciﬁcally, to account for the loss of
income and utility resulting from being in prison, we postulate that income
while in prison is represented as yt ¼ ypris.
In addition, the individual may face a loss of human capital while in prison.
Criminal capital may deteriorate because of a depreciation in criminal skills.
Legal capital may decrease both because of depreciation of skill and because of
loss of reputation resulting from a criminal record (Lott 1992b). It is possible
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that time in prison will increase, rather than decrease, the level of criminal
capital. This could happen if the prison culture helps the individual gain new
criminal skills. To account for the change in criminal and legal human capital arising from imprisonment, we postulate that if the individual gets
incarcerated, then upon leaving prison his legal human capital will be equal to
ð11Þ

lg
lg
lg lg
hlg
t ¼ t ðht  hmin Þ þ hmin ;

where tlg captures the extent of the decrease in legal human capital resulting
from incarceration ð0)tlg )1Þ: Similarly, his criminal human capital will be
ð12Þ

cr cr
cr
cr
hcr
t ¼ t ðht  hmin Þ þ hmin :

Note that the loss of human capital is greater for white-collar crimes following
incarceration (Lott 1992a, b); thus, we postulate that tlg4tcr. Furthermore,
although in the benchmark model we take tcro1, it could be the case that
tcr41 if the criminal culture in prison allows the individual to acquire a net
gain in his criminal capital. In this case the individual would come out of prison
with a higher level of criminal capital than he possessed when he entered (see
Bayer et al. 2003 for empirical evidence). This issue is addressed below.
Equation (1) is maximized over ct and f cr
t subject to all the constraints depicted
in (3)–(12).
The stochastic dynamic programme described above leads to the following
Bellman equation:
ð13Þ

lg
lg
cr
EVt ðhcr
t ; ht Þ ¼ max Ef max ½Uðct Þ þ bEVtþ1 ðhtþ1 ; htþ1 Þg;
0)f )1

0)c)y

where y is a stochastic variable that depends on f cr according to (4)–(6).
Equation (13) describes the expected value at the present time of a given
combination of human capital stock in terms of optimal participation,
consumption and investment decisions plus the discounted expected value of
the resultant human capital combination next period. It is well known that (13)
is equivalent to the maximized value of (1), subject to the appropriate
constraints. The problem is too complicated to yield a closed-form analytic
solution. However, the Bellman equation in (13) can be used as the basis
for accurate numerical approximations of policy (optimal allocation of time
between legal and criminal sectors and consumption) for the individual for
any period. A steady-state solution is found by working backward in
time until a stationary solution is achieved, (i.e. until E½Vtþ1 ðhcr ; hlg Þ 
E½Vt ðhcr ; hlg Þ 8 hcr ; hlg Þ; which permits effective time-series analysis. Once the
optimal policy is found, we are able to study the behaviour of the individual
under various regimes, including income, incarceration, punishment and
rehabilitation. Using time-series graphs, we explore the dynamic response of
the individual to changes in the relevant parameters.
We normalize the model by setting rlg ¼ 1. It has been shown that the
hourly income from crime is higher than the comparable income from legal
work (Freeman 1996, p. 31). Given that crime is intermittent (Freeman 1999),
and that criminals consume a disproportionate amount of leisure in comparison to legal workers, we choose rcr ¼ 4 in the benchmark model. As we
discuss below, results are robust to variations in these parameter values.
Following the empirical evidence provided by Cox (1984) and Mincer and
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Polachek (1974), we choose dlg ¼ 0.03. With respect to the discussion following
lg
equation (9), we choose Olg ¼ 5dlg ¼ 0:15; so that hlg
=hlg
min ¼ 5: We set hmin ¼
n
lg
cr
cr
lg
1; and because hcr
min ¼ C =d ; this implies that C ¼ d . It is meaningful that
the rate of depreciation in criminal capital is less than the depreciation rate of
the legal capital; therefore we set dcr ¼ 0.02. This in turn implies that
Clg ¼ 0.02. We set the upper limit of human criminal human capital at 15. As
cr
cr
hcr
max ¼ C =d ; this implies that the impact on criminal human capital of
participation in criminal sector (Ccr) is 0.3. The impact on legal human capital
of participation in criminal sector (Ocr) is chosen to be 0.03. This suggests that
participating in crime has an impact on criminal human capital that is ten times
higher than the impact on legal capital.
Following the evidence provided by Lott (1992b), we assume that going to
jail depreciates legal human capital by 30% owing to reputation effects; that is,
tlg ¼ 0.7 in equation (11). The depreciation in criminal human capital resulting
from incapacitation is assumed lower at tcr ¼ 0.95 in (12). We set Z ¼ 1.5 and
n ¼ 1, which generate the apprehension probabilities shown in Figure 1 as a
function of the rate of participation in the criminal sector (f cr) and the level of
criminal human capital. The behaviour of p is consistent with empirical
apprehension probabilities. We set a ¼ 0.6 and lmax ¼ 0.3, which provide the
relationship between investment and legal human capital growth as depicted in
Figure A1 in the Appendix. The level of the severity of punishment is captured
by the level of income in prison (ypris), which is set to 0.6.
The estimates of constant relative risk aversion obtained from property/
liability insurance and equity pricing analyses range from 1.2 (Szpiro 1986) to
4.0 (Pindyck 1988). In the benchmark model we set s to 1.5. Finally, we set
b ¼ 0.95. We acknowledge that there is no empirical counterpart to some of
the parameters. However, it should be noted that the results are robust with
respect to variation in these parameter values. Furthermore, the contribution
of this paper is in the depiction of the direction of the movement of variables of
interest, rather than their magnitudes. To the extent that this is a theoretical
paper and not an empirical one, this is not a handicap. For example, we are
interested in the analysis of an individual’s decision to participate in criminal
activity during a recession. While the timing of this decision depends on the
parameter values, its direction does not.

III. INVESTMENT

AND

CRIMINAL PARTICIPATION POLICY

Figures 1, 1(a), 1(b) and 1(c) provide a general introduction to the nature of
policy generated by the model with benchmark parameters. Figure 1 displays
the probability of incarceration as a function of criminal capital and the
fraction of time spent in the criminal sector (f cr), based on equation (10). The
right-most axis measures the fraction of time allocated to the criminal sector
(f cr), which implies that the fraction of time spent in the legal sector is (1  f cr).
As can be seen, the probability of incarceration rises as criminal know-how, or
criminal capital, declines and as the time spent in the criminal sector increases.
Figure 1(a) presents the expected investment policy, where the proportion of
income that is saved and invested is displayed as a function of legal and
criminal human capitals. Figure 1(b) displays the decision of the individual
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Figure 1. Probability of incarceration

(a)

1

Expected % investment

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
20
Le 15
ga
lh

10
5
an
ca
pit
al

um

2

4

6

8

Criminal human

10

12

14

capital

Figure 1(a). Investment policy

regarding his allocation of time between legal and criminal sectors. As can be
seen, the fraction of time spent in the criminal sector rises as legal human
capital decreases and as criminal human capital increases.
Figure 1(c) depicts the dynamic behaviour of legal and criminal human
capital. The arrows demonstrate the direction towards which the human
capital combination of the individual moves. As can be seen, there is a
bifurcation, which generates two steady states. Speciﬁcally, one steady state
occurs where legal human capital is about 11 and criminal human capital is 1;
here, the individual fully participates in the legal sector. The second outcome is
where criminal human capital is about 14.5 and legal human capital is 1; here
the individual participates fully in the criminal sector.
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(c) 20
18

Legal human capital

16
14
12
10
8
6
4
2
2

4

6
8
10
Criminal human capital

12

14

Figure 1(c). Human capital evolution

Increase in the probability of incarceration
Figure 2 depicts the scenario where the probability of incarceration is
increased. More speciﬁcally, all benchmark parameters were kept constant,
but Z was increased to 5. This has lifted up the surface of incarceration
probability, especially for those individuals who have low criminal capital but
spend a lot of time in the criminal sector. Figures 2(a)–2(c) display the expected
investment, the optimal fraction of time spent in the criminal sector and the
evolution of legal and criminal human capitals of the individual, respectively,
when he faces more strict law enforcement as depicted in Figure 2.
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Figure 2. Probability of incarceration (stricter law enforcement)
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Figure 2(a). Investment policy (stricter law enforcement)

The contrast between Figures 1(a) and 2(a) is interesting. In Figure 2(a),
even the individuals possessing large amounts of criminal capital (who did not
invest in their legal capital when the probability of incarceration was low in
Figure 1(a)) decide to invest in their legal human capital as insurance against
the relatively high likelihood of apprehension and therefore loss of income. For
example, in Figure 1(a) an individual with 5 units of legal human capital and 8
units of criminal human capital does not invest in legal capital; however, when
the probability of incarceration is increased, he decides to save part of his
income and invest it to enhance his legal human capital (Figure 2(a)).
Figure 2(b) shows the fraction of time spent in the criminal sector when the
probability of incarceration is higher. This is the counterpart of Figure 1(b),
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Figure 2(b). Proportion of time in crime (stricter law enforcement)
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Figure 2(c). Human capital evolution (stricter law enforcement)

which presents the same information with a lower probability of incarceration.
As can be seen, the enhanced incarceration probability reduces the propensity
to participate in the criminal sector. Speciﬁcally, the entire surface representing
the fraction of time spent in the criminal sector is lower in Figure 2(b). For
example, an individual with 10 units of legal human capital and 10 units of
criminal human capital spends about 60% of his time in the criminal sector
when the probability of incarceration is low (Figure 1(b)), but no time in the
criminal sector when the incarceration probability goes up (Figure 2(b)).
Figure 2(c) presents the dynamics of human capital formation when the
incarceration probability is increased. In this scenario even individuals with high
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levels of criminal human capital tend to increase their legal human capital and
reduce their criminal human capital over time. This generates an outcome whereby,
with the passage of time, the relative abundance of legal capital increases; and even
if the individual starts off as a criminal (e.g. with criminal capital ¼ 5, legal
capital ¼ 2 in Figure 2(c)), he eventually switches to the legal sector.
Increase in the return to legal capital
Figures 3(a)–3(c) provide information about an individual’s expected investment, proportion of time spent in the criminal sector and human capital
evolution when the return to legal capital is increased. In this scenario
everything is the same as in the benchmark case except for the return to legal
capital, which is increased to 3. Figure 3(a) can be contrasted with Figure 1(a),
and Figure 3(b) is the counterpart of Figure 1(b). When the return to legal
human capital is higher, investment in legal human capital is higher. More
speciﬁcally, Figure 3(a) shows that investment in legal human capital is positive
everywhere, even in cases where criminal human capital is high. As a result, we
see in Figure 3(b) that criminal participation is reduced substantially (see
Figure 1(b) in comparison). Consequently, the steady state in Figure 3(c)
occurs where legal human capital is positive (about 13.5) and criminal human
capital is 0. Put differently, even individuals with relatively high levels of
criminal human capital, who ﬁnd it initially optimal to participate in the
criminal sector (e.g. an individual with criminal human capital ¼ 10, legal
human capital ¼ 5 in Figure 3(b)), decide to save part of their income (see
Figure 3(a) for the saving behaviour of the same individual), and move to the
legal sector over time (see dynamic behaviour of both types of human capital in
Figure 3(c)).
The fact that the criminal saves part of his income and invests it to increase
his legal human capital captures the essence of the model, and explains how
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Figure 3(a). Investment policy (higher return to legal capital)
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Figure 3(c). Human capital evolution (higher return to legal capital)

individuals who are participating in the criminal sector early in their lives are
switching to the legal sector later.
The set of ﬁgures from 2(a) to 3(c) demonstrate the impact of ‘carrots and
sticks’. A high probability of apprehension can be attributed to effective law
enforcement, and a high return to legal capital can be representative of a strong
labour market. When apprehension probability or returns to legal capital go
up, individuals even with substantial amounts of criminal human capital have
much larger propensity to invest in their legal human capital. This indicates
that changes in the returns to legal and criminal human capital can be effective
means of inﬂuencing criminal activity through their inﬂuence on investment in
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legal capital. This aspect of the model will be further demonstrated in the next
section.

IV. THE DYNAMIC OPTIMAL BEHAVIOUR
Figures 4(a)–6(c) depict the individual’s optimal decision path under various
scenarios. The ﬁgures include the time path of both legal and criminal human
capital, and the fraction of time spent in the criminal sector. Because the
fraction of time spent in the criminal sector is between 0 and 1, it is multiplied
by 10 in Figures 4(a)–6(c) so that it can easily be presented on the same scale in
the graphs.
The impact of a recession
Figure 4(a) displays the optimal dynamic behaviour of the individual before,
during and after a recession. The individual has four units of legal human
capital and one unit of criminal human capital in period 1, and he is fully
participating in the legal sector. (The fraction of time spent in the criminal
sector is zero.) The recession takes place in period 3, simulated by a 30%
reduction in legal income. During the recession, the individual ﬁnds it optimal
to participate in the criminal sector. Speciﬁcally, he allocates more than 90% of
his time to crime in period 3 (see Figure 4(a)). After this one-period recession,
he reduces the proportion of his time allocated to crime: this falls to about 15%
in period 4, continues to decline steadily, and becomes zero in period 8. In
other words, the person switches back to the legal sector after the recession.
Note that participation in criminal activity increases the criminal human
capital of the individual. However, his legal human capital also rises, primarily
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Figure 4(a). Short recession
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Figure 4(b). Long recession

because of investment in legal capital. As the fraction of time spent in crime
declines in periods 4–8, the rate of increase in criminal capital diminishes,
which makes it possible to switch fully to the legal sector.
Figure 4(b) presents the same scenario with one difference: the recession
lasts longer. In this case it lasts four periods, starting with period 3. As before,
the individual ﬁnds it optimal to increase the proportion of his time spent in the
criminal sector during the recession. However, because the recession lasts
longer, his criminal human capital appreciates steadily during this period.
When the recession is over, he reduces his time allocation to crime to about
50%, but then increases it continuously afterwards.
The novelty of our dynamic model can be seen in this analysis of human
capital and the participation decision after the recession. Participation in the
criminal sector during the recession increases the individual’s criminal human
capital and depreciates his legal human capital. (See the time-path of the legal
human capital in Figure 4(b), depicted by a þ sign.) This decrease in his legal
human capital, coupled with the increase in criminal human capital that took
place during the recession, makes it difﬁcult for him to switch back to the legal
sector after the recession is over. Figure 4(b) demonstrates that, although the
fraction of time allocated to crime drops immediately after the recession, the
individual ﬁnds it optimal to increase this steadily thereafter, and he ﬁnds it
optimal to stay in the criminal sector.
The criminal trap, or hysteresis in criminal activity, that emerges in our
model is in sharp contrast to the predictions of other models. The current crime
models posit a symmetry in the pre- and post-recession behaviour of the
individual: a decrease in legal earnings potential during the recession pulls
the individual to crime, and an increase in potential legal earnings after the
recession brings him back to the legal sector. By contrast, in our model, as seen
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in Figure 4(b), the individual does not switch back to the legal sector after the
recession is over: he is not the same person after the recession.
This result provides a testable hypothesis. In a recession, where the
unemployment rate rises, the property crime rate is expected to increase; but
after the recession is over and the unemployment rate declines, the crime rate
will not revert back to its original level. Put differently, property crime
is predicted to exhibit asymmetric behaviour over the business cycle. This
prediction of the model is supported by the US data (Mocan and Bali 2005).
Certainty and severity of punishment
Equation (10) depicts the probability of incarceration. Variations in Z provide a convenient means by which to model the effects of the certainty of
punishment, as higher values of Z represent higher probability of incarceration.
Figure 5(a) displays the dynamic behaviour of an individual who possesses
2 units of legal human capital and 4 units of criminal human capital. The
individual’s optimal decision is to participate heavily in the criminal sector.
Note that, although criminal human capital increases and legal human capital
decreases, criminal participation declines slightly. This is because at higher
income levels the relative cost of incarceration becomes greater. Therefore the
individual reduces his participation in the criminal sector in order to reduce the
risk of incarceration. In Figure 5(b) the same individual goes to jail in period 3,
and his legal and criminal human capitals depreciate while he is in prison. (The
rate of depreciation is higher in case of legal human capital in accordance
with benchmark parameters; i.e. tcr ¼ 0.95 and tlg ¼ 0.7.) In this case the person ﬁnds it optimal to remain a criminal upon leaving prison, because his
legal human capital is reduced more than his criminal human capital.
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Figure 5(b). Imprisonment
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Figure 5(c). High certainty of punishment

Figure 5(c) presents the dynamic optimal behaviour of the individual under
the benchmark parameters, with one exception: the certainty of punishment is
increased. This is captured by an increase in Z to 5. (Figure 1 displays the
incarceration probability for Z ¼ 1.5, which is the benchmark case, and Figure
2 displays the incarceration probability when Z ¼ 5.) The landscape generated
by the enhanced probability of apprehension generates a dramatic change in
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Figure 5(d). Imprisonment with high certainty of punishment

behaviour. The individual ﬁnds it optimal to spend less time in the criminal
sector, and over time he reduces the fraction of time spent in crime to zero. (In
contrast see Figure 5(a), where the only difference is a lower probability of
apprehension).
Figure 5(d) demonstrates the evolution of human capital as well as sector choice
of the individual facing a high probability of apprehension who ends up in jail. Put
differently, this is the same environment as Figure 5(c), except for incarceration in
period 3. Consistent with the incarceration scenario depicted in Figure 5(b), the
individual’s criminal human capital becomes relatively more abundant upon leaving
prison. Consequently, he increases the fraction of his time devoted to crime in
period 4, but over time he reduces his allocation of time to the criminal sector.
The extent of the loss of income and utility while in prison is captured by the
magnitude of ypris. Figure 5(e) displays the optimal behaviour of the individual
when facing the benchmark parameters, with one difference: the severity of
punishment is increased, represented by a reduction in ypris to 0.2. Thus, the
behaviour in Figure 5(e) can be compared to that in Figure 5(a). As can be seen
in Figure 5(e), in this landscape, where the severity of punishment is higher, the
individual initially spends about 50% of his time in crime, but he gradually
switches to the legal sector when facing a higher cost of going to prison.
Rehabilitation and prison culture
The potential importance of rehabilitation on post-prison behaviour is
acknowledged by researchers as well as members of the criminal justice
system. Administrators of the California and US federal prison systems
indicated that ‘rehabilitation programming was being made available . . . to
provide the opportunities and experiences to enable individuals in less
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Figure 5(e). High severity of punishment

destructive, more socially acceptable ways’ (California Department of
Corrections 1978, vol. II, p. 8; cited by Witte 1980). Unlike previous economic
models of crime, our model allows the investigation of the impact of various
imprisonment scenarios on post-incarceration behaviour. The impact of the
prison term on post-period criminal activity is analysed by investigating the
inﬂuence of rehabilitation and prison culture. In equations (11) and (12) we
postulated that time in prison would depreciate legal as well as criminal human
capital. If prison culture enhances criminal human capital because the inmates
learn from each other, then tlg41, but tcr41. That is, the inmate leaves the
prison with a depreciated legal human capital, but with a criminal human
capital that has appreciated. On the other hand, if prison provides
rehabilitation in the form of education, job training and other legal human
capital-enhancing skills, and if the transfer of criminal human capital across
inmates is not prevalent, then tcr41, and tlg41.
Figure 6(a) is the benchmark case, where the time-series behaviours of both
legal and criminal human capital are displayed, as well as sector choice. Under the
benchmark parameters the individual ﬁnds it optimal to spend about 25% of his
time in the criminal sector in period 1 and 20% in period 2. In period 3 he goes to
prison. In Figure 6(a) there is no rehabilitation or prison culture (tlg ¼ 0.7,
tcr ¼ 0.95); that is, both types of human capital depreciate, but the depreciation in
legal capital is larger because of the loss of reputation. As a result, upon leaving
prison in period 4 the individual ﬁnds it optimal to increase his time in crime.
Note that substantial depreciation in legal human capital (as depicted in
Figure 6(a), and consistent with Lott 1992b) increases the criminal propensity
to recidivate upon leaving prison. This applies to white-collar crimes as
well, because, as shown in Lott (1992b), white-collar criminals suffer a loss in
reputation because of conviction, and this loss can be thought of as a reduction
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Figure 6(a). Imprisonment with no rehabilitation and no prison culture

in legal human capital. No data exist to identify the extent of recidivism
of white-collar criminals. The closest available data pertain to individuals
convicted of fraud: 66% of prisoners who were convicted of fraud and were
released from state prisons in 1994 were re-arrested again within three years;
19% were re-arrested again for fraud (Langan and Levin 2002).
Figures 6(b) and 6(c) display the simulations based on two imprisonment
regimes for the same individual depicted in Figure 6(a). In Figure 6(b) the
individual’s environment is the same as in Figure 6(a). However, this time the
individual is exposed to a strong prison culture, which enhances his criminal
human capital (tcr ¼ 1.2) by what he learns from the other inmates. In the
simulation that generated Figure 6(b) it is also assumed that the prison does not
provide an enhancement of the legal capital (tlg ¼ 0.7, as in the benchmark).
These parameters are known to the individual at the outset. In this scenario,
while in prison, the criminal human capital of the inmate appreciates and his
legal human capital depreciates; and when he leaves the prison in period 4 he is
a better criminal than before (possessing more criminal human capital). Thus,
he ﬁnds it optimal to participate almost fully in the criminal sector right after
leaving prison, and he stays in the criminal sector thereafter.
Figure 6(c) displays the impact of a strong rehabilitation regime while in
prison. In particular, the impact of the prison culture is eliminated (tcr ¼ 0.95
as in the benchmark, signifying some depreciation in criminal capital due to
imprisonment), but it is assumed that legal human capital appreciates through
rehabilitation and training in prison (tlg ¼ 1.2). Under these conditions, and
with the same starting values of human capital, the criminal human capital of
the person declines while in prison, while his legal human capital increases. As
a result, when he leaves the prison in period 4 he ﬁnds it optimal to participate
in the legal sector, as depicted in Figure 6(c).6
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Figure 6(b). Imprisonment with prison culture
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Figure 6(c). Imprisonment with rehabilitation

V. CONCLUSION
This paper presents a new economic model of criminal activity. Individuals
possess two types of human capital: legal and criminal. Both types of human
capital can be enhanced by participating in the legal and criminal sectors, and
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legal capital can also be enhanced by investment. Each type of human capital is
subject to depreciation. Potential income in each sector depends on the level of
the human capital, the relevant rate of return and random shocks. In this twostage dynamic stochastic model, in each period the individual determines the
optimal fraction of time to be allocated in each sector (legal or illegal); then,
after the realization of income in that period from legal and/or illegal sources,
he decides on the optimal amount of consumption. The extent of criminal
activity and the level of criminal human capital determine the probability of
incarceration. If incarcerated, the person goes to prison, where the extent of the
punishment is represented by a loss of income. Everything about this landscape
is known to the individual when he makes his decision. In the benchmark
model both types of human capital depreciate in prison, but legal human
capital depreciates more owing to a loss-of-reputation effect. We entertain the
scenario in which rehabilitation in prison appreciates legal human capital, and
the scenario in which prison culture appreciates criminal human capital.
The endogenous relationship between differentiated human capital and
differentiated labour markets (legal and criminal) renders the individual’s labour
market opportunities endogenous. The choices made in each period inﬂuence
the opportunities available in future periods. The model provides a framework
in which the interplay between criminal participation, legal market earnings and
deterrence can be analysed. Thus, in a consistent intertemporal framework the
analysis of the effects of recessions, the variations in the certainty and severity of
punishment and various imprisonment/rehabilitation scenarios is possible.
Several critically important issues in the analysis of criminal behaviour
remain unresolved owing to the time-dependant nature of the problems, but
are effectively addressed here. For example, the model provides an analytical
approach to the effect of various treatment/punishment regimes on the postincarceration response of optimizing individuals. In traditional crime models,
recidivism is a rational response to unchanging opportunities faced by the
criminal. If it is optimal for the individual to engage in criminal activity before
he goes to prison, it will still be optimal after he leaves prison if the
environment remains unchanged. In this model the individual may or may not
engage in criminal activity after leaving prison. This is because part of the
environment that affects behaviour is endogenous and is a function of the
appreciation/depreciation of human capital while in prison.
The model generates some new insights, which are different from those
provided by static models. For example, Becker–Ehrlich type crime models predict
that an increase in the probability of unemployment in the legal sector, represented
by an increase in the unemployment rate, increases the likelihood of entry into the
illegal sector. These models postulate that this relationship between unemployment and criminal participation is symmetrical; that is, a decrease in unemployment decreases criminal participation. In our model the potential exists for the
individual to ﬁnd it optimal to participate in the illegal sector during the recession,
as predicted by standard theory; but, contrary to the symmetry implied by the
standard model, he may tend to remain in the criminal sector after the recession
ends. This hysteresis is due to the simultaneous depreciation of legal human capital
and the appreciation of criminal human capital during the recession.
The model is capable of explaining a regularity in criminal activity, which is
the reduced propensity of an individual to engage in criminal activity as he/she
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ages. A switch from the criminal sector to the legal sector can be optimal in a
number of ways. First, criminals may ﬁnd it optimal to acquire legal human
capital as a hedge against the uncertainty surrounding criminal income. A
criminal’s investment in legal human capital is a primary endogenous
mechanism that makes the decision to switch to the legal sector optimal.
Other channels that may create the same behaviour include changes in the
certainty and severity of punishment and changes in the relative returns to legal
and criminal human capitals.
The change in the level of human capital while in prison inﬂuences the postprison behaviour of the individual. Whereas rehabilitation in prison decreases
the tendency of criminal activity after the release from prison, if prison culture
enhances criminal human capital, the tendency to engage in crime after prison
goes up.
APPENDIX

TABLE A1

Benchmark Parameter Values
Parameter
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Figure A1. Human capital acquisition through investment
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NOTES
1. For example, a negative relationship between time spent in illegal activity, and policing,
prosecution and judicial policies requires the assumption of risk neutrality or decreasing
absolute risk aversion with income. The same assumptions are required to establish that the
impact of a marginal increase in the gains resulting from criminal activity on time spent in
illegal activity is positive. The assumption of diminishing absolute risk aversion, which is
necessary for meaningful comparative-static results in the above cases (and several others),
generates counterintuitive results in the case of the impact of unemployment on criminal
participation. The standard assumption that the individual is risk averse, and that his risk
aversion decreases with increasing income, yields the result that an increase in the
unemployment rate decreases the time devoted to crime. This counterfactual result emerges
in the Schmidt–Witte (1984) and similar models, because increased unemployment reduces
income, which in turn reduces crime via the decreasing absolute risk aversion assumption
that is needed to make other results plausible (Schmidt and Witte 1984, p. 162).
2. For a summary of the problems encountered in empirical analyses, see Corman and Mocan (2000).
3. Wilson (1994, p. 6), cited by DiIulio (1996).
4. The two-sector, two-capital framework has been utilized in different contexts, such as endogenous
growth models with physical and human capital (Mulligan and Sala-i-Martin, 1993).
5. In a different framework, Leung (1994) shows that, in a model with no recidivism, the falling
segment of the age–crime proﬁle is obtained because a large percentage of offenders are
arrested at younger ages, and once arrested they stop committing crimes.
6. It is interesting to note that initially criminal participation is higher under the scenario with
rehabilitation (Figure 6(c)) than for the baseline case (Figure 6(a)) or the case with prison culture
(Figure 6(b)). Speciﬁcally, in Figure 6(c) we observe that, although legal human capital is greater
than criminal human capital, the person spends about 65% of his time in crime before going to
prison. This is because, under prison rehabilitation, going to prison allows the criminal to elevate
legal capital faster than by participating in the legal sector, and this is known in advance. In
essence, the rational behaviour is to participate in the criminal sector in hopes of being caught.
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