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ACQUlsmoNs

Over the pa
/ p st six to eight years, economists have shown 1ncrea31ng

1nterest
1n modellng the choice problem confronting individuals

t - B
> . ’

on the part
P of crlmlnologlsts in Providing a Systematic framework f
or

analyzing cr
y g iminal activity, and ‘the belated Tecognition by economlsts

that th
e ch01ce theoretic models of microeconomlcs afford a particularl
¥

| useful structure for such an analy51

:'.

Crlminologists have approacheﬁ*the task of explaioing illegal

d
ctivity by attempting to determlne those psychological and/or phy31o—

1o lca ”
gical factors that are unique to criminals. This has led criminolo-

which 3 ‘o e e |
ch unde;pin criminal behav1or. Such an essentially inductive approach'

to
model bu1ld1ng w1ll not in general lead to testable models of criminal

behavlor.

0 . : ; © .
n the other hand, economic models of criminal behavior o

take as
iven t
g hose 1nfluences in the personal and social backgrounds of indi-

ferences
‘ for rlsk4and other behaVioral characterlstics held to be deter—

.

; mlnants
’ an ‘on criminality TheSe models are based upon: characteristics of

1ndiv1duals which are alleged to be common not only to large classes/of

offenders, but to large clagses of economic agents in general.
‘tence, the models of economic choice theory, of which thevcriminal cgoice
is a special case; hypothe51ze that all 1nd1v1duals, criminal and non-

criminal alike respond to 1ncent1ves- and if the costs and benefits as-

sociated with an action change, the agent's chojces are also likely to

change. More specifically, these models postulate that the decision to

‘commit "an illegal act is reached via an egocentric cost-~benefit analysis,

As is‘implicit in this statement, the expected benefits and costs associ-
ated with‘en illegal act may contain both monetary and psychic elements.
But by treating the individual's'"taste’foi-crime" as a datum, one may |
build a theory of criminal behavior based upon the opportunities con—
frontlng the potential offender. | |
 In what followg'we construct“four rather,broad,classes of models of

criminal behavior and’analyze the?broperties of each class with special

emphasis on testable implications. The usefulness of this‘apprdach

‘lies in the:fact that all models of the economic literature w@%h‘which

i

we eie familiar belong to one of the classes.l "We' £ind rather‘drametic

oo

. appear to be small differences in model‘structures

"to modelmg:theoxfense‘deCis:Lonn The first approachyis essentially a

- focus. These “papers usnally begin by postulating the exlstence of ag-’y
.gregate. offense functions with certain pleu51ble but nonetheless ad C
~hoe properties. ' v . , ’

" differences in implications across classes with what at first blush may

A BRIEF SURVEY oF 1HE LITERATURE S e

Perusal o@ the economic llterature indlcetes two distinct approaches‘

2

i e : = : e
We are referring here to theoretical models based upon, the 1nd1- '

~vidual'as the decision unit, not empirical models, By far the greétc%tﬂ,ip

‘number of papers dealinq§w1th crimlnal behavior have been empirical in

In a sen-

.'/ \\




pcftfolioyapproach in which the agent makes a decision as to what por-

tion of his wealth to put at risk in a criminal ectivity; The second
‘approach has been to view the .offense decision as a time allocation
problem. The papers of Allingham and Sandmo (1972), Kolm (1973), and

Singh (1973)‘have treated the offense decision as portfolio decisions.2

i

: : : i £
Such & tack is permissable only in so far‘as all consequences of the

- 1llegal activity in question ney be exprSsed in purely monctary

‘Eerms. Because each of these papers addresses the’question of income
tax'evasion, there would seem to be litﬁle doubt Ehat benefits fron;'
kthe illegal activity are purely monetary in nature.~ But although the
’penalty for unsuccessful evasion is almbst inevitably a fine, it is
doubtful(whetner the total cest ef unsuccessful evasion is the fine,’
'since thekeonvicted evader may expefience significant non~monetary
costs in the form of loss of reepectability, reputation, etc. To the
extent that this is'the case, it w1ll be 1nappropr1ate to employ the
‘portfpllo spec1f1cat10n.3 In addltlon, to the extent that the 1llegal
activity in queétibn.is time consuming, it again will be 1nappropf1ate
t6 model the decision problem as a choice Qver wealth orderings. The

fact that an illegaf activity is time consuming, means that the offense ’

. decisi%n problem is formally a labor supply problem with uncertain.con-

: 4 Lo ' - ; L ..
. sequences. And given the set of time consuming illegal activities,

In this paper we use the termlnology portfollo problem or pArtfollo"

“decision to designate a decision problem with uncertain consequences in

which all "costs™" and all "benefits'" are pecuniary. - e T

3 a . . . ' ' . X

Alllngham and Sandmo‘acknowledge this point and devote a section of
~their paper to. a model which’ 1ncorporates non—monetary attributes of
unsuccessful tax evasion. Lo

4See Block and Helneke (1973) for an analy51s of the: labor supply

'.'dec151on when returns are stochastlc
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the more interesting Qﬁestions, both from the point of view of eoonomio
theory and of SOQial policy, would seem to be those concerned with the
factors responsible for the individual's time allocation between‘legal"
and illegal activities and how responsive the individual is to changes
in these factofs. The point is that, except for carefully seleoted il- i
legal acts, the offeﬁse decision is moet appropriately modeled as. a time
allocation probiem into which thebpsychic costs and benefits associated :
Qith criminal aotivity have been explicitly‘incorforated,
A second group of papers addreesing the criminal choice, the
papers of Becker (1968), Block and Heineke (1975a), Ehflich (1970, 1973),

and SJoqulst (1973), all view the'criminal choice problem as a time al-

: ‘/"/, !

.locatlon problem and to one degree or another acknowledge the role of non-

monetary costs and returns in the offender's decision problem. But al- =
though each of these authors clalms to recognlze both the time alloca—
tlve aspects of the problem and the non-monetary aspects of the ‘penalty

if unsuccesstl, the qualitative implications of these models differ sub-

) stantially. The cause of such variation between models'is of consider=~
able interest both theoretlcally and practlcally and is examined at some

,(length in what follows. Briefly,. the differences between these models

are a result of Specialized assumptions (some expliCit, some~implicit)-'

fconcernlng elther the amount of tlme devoted to lelsure or the role of
ononmmonetary (psychlc) attributes, oreboth.  We nroceed by presentlng a
- seriee of models into which an increasing’number of cha?acterlstlcs oﬂ.
the crlmlnal oh01ce are 1ncorporated ’ Shorﬁoomihgs of'the~&eriOue ‘spec—
:klflcatlons and dlfferences in 1mp71catlons areknoted at. each step | ﬁé{_'“

‘begin*w1bh.a simple Vportfollo model, "‘fe lf_



i

MODEL I - THE SIMPLE PURTFOLIO MODEL

LI

Censider an individual:witn an egogengus incomefeenfronted with
SO A ‘ the problem of deéi&ing what portion of this income to allocarekto
| illegal act1v1ty (rhe rlsly asset) fhe folle@ing definitions_will be
nsed:‘
o , : W: actual income

o ' .
W': wealth or exogenous income

Uw) & the individual's von NeumannzMorgenstern utility function,
Uy >0, Uy <0

% : . the proportion of‘WOto‘be allocated to illegal activity,
0. < x <1

g(x;a) : the increase in income if the illegal endeavor is successful;
" .o is a shift parameter.

.s

f(x;B)

the monetary penalty if the illegal endeavor is unsuccessful;
- B is a shift parameter.

p ¢ the probability that the_illegal endeavor is unsuccessful

~

kthe 1nd1v1dual's income if the illegal endeavor is successful;
WS W+ g(xsa;}

=

W ¢ the 1nd1v1dual s income if the illegal endeavor is unsuccessful
W, E W+ g(X:a) - £(x38)

If apprehended the 1nd1v1dual s income is reouced by the amount f(x3B),
where f(x,B) = g(x,a) To carry out an analysis of the agent's dec1s10n,
it is necessary to adopt'certain conventions concerning the functions

g( ) and f( ) These are

# B , ’ ’ ‘ ; ,
[ E()20, x>0 5 g() =0, x=0
‘ ‘ 1'\ B S . f(‘)>0, ~X~ N O ; f(.) = 0, x =
. gx >0 3 ‘V)g(x:~ > 0 gxa S ’0
> 0 f > 0 f >0
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These conditions are obvious: Gains and losses from illegal actiﬁity (i)‘i

are non-negative; (ii) are increasing functions of the amount at risk:

and (iii) are increasing functions of the shift parameters o and B , for

given valué§ of x. Finally, increases in the shift parameters o and B

are defined to increase not only ‘total gains and total losses, ga > 0,
f8 > 0,but also marginal gains and marginal losses, B > O; fyé > 0.
Adopting this framework, the agents' expected utility isﬁs

oo

(1) EUGW) = (1-p)UM) + pU(V )
For tﬁé agent to devote some, but not.all, of his iﬁcome to illegal
activity there must be an x° such that

(2)  (L-p)U' (W) +pU' (W) (g - £) = O

It is straight forward to interpret these conditions when (2) holds

. ; : . o o Lo
as a strict inequality and either x” = 0 or x = 1. We leave this to
o ‘ , B, o .
the interested reader and assume 0 <. X < I.

The questions of interest here are the responses of the equilibrium

‘ . ’ . . - o S L
portion of income devoted to illegal activity, x , to changes in the’

several parameters in the model. These are listed next:

RORE % Qo) U g, UG (5, - £) /3,°
(%), %1&0_ _ gxa(BEU/awo)/Jld + g, (~éx°)aw°)’

(5) _gg_o . (e, - £) UMM )E, + uf(wu)'fxs);),,;,lo
[O8 _aﬁ Lo (f@gx = 'U"(t{p) <ygy>;-‘ £) F,/Jio* “

,,apk’

5In what:follows we assume. that:all functlons possess contlnuous der1Va—7i’“"
 tives of sufficient order to permit the analy51s and that regular, 1n~

ternal maxima EYlSt for each model

Ly

il



L=

Py

Finally define'axo/aY to be the change in x° due to a shift iri the penalty fune-
“ tion and a corresponding change in*p such that the expected loss remains unchanged.
) - » ’ o : :
That is, 8% /3y =’(3X°/3ﬁ), given d(pf) = 0. Now d(pf) = p(fxd>¢+ deB) +

~° £dp =0, so that 3(pf)/aB = pfs‘+~ £(3p/98) = 0; which implies 2p/dB =

--(pfg /£). Therefore,.

o a0  ax®

|
.*:
8

R o 3y 3B op 9B
: k o . (o]
= ox ox ‘
= £X - ZX_ (pr /f)
TR (ptg

~In equations (3) = (7) the symbol Jlo represents the Jacobian‘associated
with equilibrium condition (2), evaluated at xo,vand is negative by
hyppthesis. ‘Defining the Arrow-Pratt measure of absolute risk aver-
sion as R(W) = fU"/U‘ and_keeping in mind that we have assumed tﬁe
pétential offender to be risk averse, we adopt the usual assumption that

~OR/BW <0. It can be shown (see Appendix) that the model possesses the

foliowing qualitative properties:

. . a o & 4/‘
(3") —’55— > 0 e
oW

The individual invests a larger portion of his income in illegal endeavors

the wealthier he is.

SN CADTR T3

o 0

Increases in the returns to illegal activity, increase the income alloca-

tion to these activities.

(5" bx



Increases in the costs of engaging in illégal activity cause decreases .in'the.
allocation to these activities.

6" = ax°
- 0
op

Increases in the probability of '"failure' cause decreases in the alloca-

tion to illegal activity;' And finally, if f£(x;B) is separable‘5

(7") x°

Compensated increases in the penalty which leave expected losses unchanged,

decrease the allocation to illegal activity. This is equivalent, by
equation (7), to;sayiﬁg that proportional increases in punishment‘

(ioss) defer’illegal activity to a greater extent then do equi-proporf
ﬁional‘increases in the pfobability'of apprehenéioﬁ. It can alsoubev
shown [see Block and Heineke (1975a)], that equation (7) is equivalent |
to.méasuringvthe allocative effect of a mean pfeserving change in the
diépersioﬁ.of returns. Since-mean preserVing increaées in B inéreaégy
thé dispersion of returns to illegal endeavors, equation (7‘) may

be intefpreted és implying that increases in the amount;of unce;tainty ,
'surrounding»returns to illegal activity will decrease,theiincome éllocated'

to these activities. .

"Here we use "separable” in the sense that £(x3;8 ) = £1(x)£5(B). It does not
seem to be possible to establish (7') without restricting £(-).: Re~"
sults of this type reported in the lgteraturEQare usually obtained under

the strong assumption that £(x3B8) ='Bx, i.e., f (x) = x and f (6)‘% g. Also .

note that if we definen= fy(%/r) as the elasticIty of the penalty w.r.t.
changes in the income allocation, then 3n/88 = O is qualitatively
equivalent to the condition f(x;B) = £.(x)f,(B). In fact, as long

voas éﬁifts in the penalty function do n t refult in decreases . im  ‘n., dne-
~qualaty (7') will hold~ L : : g B

o



A number of points are of interest here:s First, qualitative results .

(5'), (6'), and (7") depénd only uponlrisk aversion and the fact that™

the individual allocates some but not all of his income to illegal acti-

\Qitiés, i.e.; 0 ¢ %% < 1.7 Results (3") and (4') require iﬁ addition
the h&pothesis of decreaéing absolute risk aversion. Second, inequalities
(4{>:~ (7') are the formal underpinning of any unambiguous economic theory
of deterrencé. These inequalities tell us that increases in gains always
increase‘criminal acti&ity,‘while increases in costs always decrease
criminal activity. In addition, either increases in the probability of
failufe or increases in the amount of uncertainty surrounding returns

will assuredly decfease the resources being allocated to criminal activity.
Third, although the return and loss functions of Modél I are quite general,
it must béékept in mind that these functions contain only monetary gains

and losses and hence the model will be strictly appliczble on1§ when all

returns and all costs from engaging in the illegal activity are monetary

) in nature., This implié¢s that there are no non-monetary conseguences of
‘ﬁhe penalty if a failure occurs and also that the éctivity in quéétion
does not entail a significant "labor" input, which would introduce ele-
‘ments of a timé‘allocation‘problem.

One’interesting application of this model has‘been‘to the problem
of optimal ﬁnder—reporting of income to the tax authorities. Inkthis

~case the labor input tends to be insignificant and the psychic costs as-

“In addition to risk aversion, (7') requires the penalty function to be
separable in the sense of f.n.6. :

L
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sociated with conviction for tax fraud may, in many groups, be‘relatively
small. As we noted sbove, this is the problem treated in the Allingham
and Sandmo, Kolm and Singh papers. But, if we are to have a broadly

applicable theory, non-monetary characteristice of illegal activity must

be accounted for.8

MODEL _II - PORTFQLIO MODELS OF TIME ALLOCATION

The modelsrpresen;ed in this section address in a particular
manney; the question of the determinants,qf the ‘allocation of time
between legal and illegal activity: As we noted at the outset, the
term "bprtfolio model" is used in this paper to denote that class
 of models in which all returns and costs are monetary. So "a port-

folio model of time allocation'' is a non sequitor to the extent that

1f the agent prefers risk and the symmetric hypothesis of increasing
risk preference is adopted, -3R/9W>0, it can be shown (see Appendix)
that

(3"  9x° " "y 8x®
5o >. 0 : o > Q ; 55— <0
as before; and that ‘
1" .
(7" :j > 0

whenever the penalty function is separab%e. In fact, under the conditions
of model I,8x /3y > 0 iff U" > 0 and 3x /8y < 0 iff U" < 0. It is interes-
ting to observe that whether ‘the agent is risk averse or risk preferring,
increases in wealth result in an increased portion of that wealth being
devoted to illegal activity. Increased pay offs also result in in-
creased allocations to illegal endeavors independent of the agent's
behavior toward risk. In addition, increases in the probability of
failuré results in decreased illegal allocations; independent of  risk
behavior. The only- result which doés not carry over from the rlsk
aversion case is the response of “x° to changes in the penalty, 9x /38;
The reason is obvious: Positive shifts in the penalty function

decrease mean returns and 1ncrease the dlsper51on of returns; on the ﬂ_
~one hand maklng the agent worse off, and on the other hand better off.
It . is not pOSSlble to determine the: net effect
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"work," be it legal or illegal, is disagreeable, i.e., involves
psychic costs., This fact helps explain,why authors yho have utilized
R models of this sort (see Becker (1968), Ehrlichﬁ(l970, 1973) and
| Sjoqt;ist (1933)), have justified their approach by including in the
gain and loss funétions of thelr models both monetary returns and
the "monetary or wealth equivalent" éf any psychic gains orvlosses°
It is shgvn:below that implicit in the models of these authors dre
ratlfer strong restrictions on the functional form of the monetary .
eguivalents of effort and penalties and hence on the preferences of
offenders. Ve firstkdigress to explore the formal structure of mone-
tary equivalence and then establigh fhe pfecise nature of these re-
strictions.. A generalized version of the Becker-Ehrlich-Sjoquist

models is then presentedt'

Ahbigression on Monetary Equivalences

- Two points afe of interest here: (1) Questions concerning the
existence of monetary equivalents of the psychic costs of the effort .
and penalty attributes of an offense; and (2) questions concerning the

form of "total" (monetary plus psychic) return and "total" cost func-

0

tions, assuming the'appropriate monetary equivalents exist. The first
question has been discﬁésed in,sdme detail in Block and Heineke (1975a)
and in Block and Lind (1975), For our purposes here it wilI}sﬁffice
fb‘merely‘éketch the monetary equivalent argument in enough detail to
indicate ﬁhat if is not generally true that monetary equivaleﬁts exist
Lo td labor~and penaity.attributes of an offense.

; - To begin, it should be noted that there is agreement in the

literature that models of the offense decision must in general account



B

von Neumann-Morgenstern utility function is of the form Z(tl, t

- 12 -

y

for non-monetary costs in both the time allocation and penelty aspects
of the decision. In other words, theré is agreement that the underlying
5 S, W)
where tl and t2 represent the time allocated tb legal and illegal activi-
ty, respectively, and S reg;esents a vector of attributes of the penalty
(the length of sentence, loss of reputation, and so on).

To proceed; consider an individual with income W, who allocates

t. "hours" to legal activity, t

1 "hours" to illegal activity and suffers

2
penalty S if unsuccessful. For the indivi@ual in question, a monetary
equivalent to this effort allocaﬁioh aﬁd penalty exists if and only if
there exists an income level suffiéiently low, say W¥*, so thaﬁ the in-
dividuai is iﬁdifferent between this income with no penalty and no "work"

and the given effort allocation, income and penalty. Formally, if there

exists a wealth level, W¥, such that

©(8) Z(t S,W) = Z(0,0,0,W*)

1’2

then W — W* is the monetary equivalent of t. "hours' of legal activity,

1
t, "hours" of illegal activity, 'and a penalty of severity S. Clearly,

existence of such an equivalence will depend upon the tastes and pre-

‘ferences of the particular offender and there is no reason to expect

it to exist in general. If, for example, for a particular effort allo-
cation and penalty the marginal rate of substitution between income

and either t_, or ¢t

1 or S is infinite, then no monetary equivalent

2

“exists at that point. Or one could ask‘whether for any given effort

allocation there exists a reduction in income to say W such that the
agent is indifferent between (tl,t

,»0W) and  (t1, £y, S,W). Of course -

0

YO_
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vDeslgnatlng thls funetion as c(*), we may wrlte W* =W - C(t

=13 -

‘this‘depends upon the giﬁen effért allocation, the severity of the

- penalty and the agent’s income. If the penalty is sufficientlyfsevere

aghd/ox the discounted value of the agent’s llfetlme income is squlcentlv

h low, a monetary equivalent to. the penalty w1ll not ex1st. If W repre-

sents diSCDunted lifetime earnings, then no monetary equivalent to the‘t

penalty SkexistS‘whenever5W’éfW > W. ' As the discussion and examples

indicate, monetary equivalents to psychic costs may not exist.

From equality (8), if an income level W* exists such that

Z(tl,tz,S,W) = 2(0,0,0,W*) then W - W* is the monetary equivalent of

the "stafe of the world" (tl,tz;S,W) and is a function of t S and W.

1t

l’tz’s W)

Defining z(o 0,0,W*) = V(W%), we have V(W*) = V(w - C(tl,tz,S,W)) which

- 1is the formal justlfieation for collapsing all arguments of the multi-

attibute utility function Z(‘) into one attribute, To summarize,
the monetary equivalent  approach to modeling tﬁe offense cdecision
implies that "return" and "cqst" functions into which both moﬁef
ary and non-monetary returns have been eggregated (via monetary 
equivelents) will be fpnctions of tl,'tz,’S and’W. That is, the
function W - W* = C(r) is in general a function of each argument

entering the utility function Z(-).

‘To draw out the implications of this discussion for modeling

the criminal choice we define the folloWing functions:

.G(tzg «): the monetary return tesulting from t., "hours' of

’ : ’ illegal activity; 02 > 0, G > 0 and GZa >0,
ﬁ(tz;fB): ‘the monetary penalty resultlng from t. "hours!' of

‘ illegal activity, 1f the individual i§ apprehended ;

end'conv1cted; Fz >0, FB >.0 and FZB 0
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L(t 8 the monetary return resu!ting from t "hOUlS of
lagal activity; Ll > 0, “6 > 0 and E
o ~ . o
ws: W {-L(tl',a )+ G(t:z;ab) ‘

Wei W - F(t,18 )

where the symbols o, B and § represent shift parameters in the reépec~

. . 9 :
tive functions. It is also helpful to "dlsaggregate" C(t ty)

1ntnyfhe functions C (t t2, 8, W), C,(tl’ tZ’ S, W) and C (tl;»tz, S, W,

s, W)

the monetary equivalents of the psychic costs of legal activity, illegal

activity and the penalty, respectlvely, and to define L(t S, W)y =

Eor

L(t d)—Cl(),G(t SW)_G(t ja) - C()andF(t S,W) =

tos
F(tz,B) + C (+) as the "total' return functlons for legal and 1llegal
ac£1v1ty and the "total" cost of the penalty, respectlvely These
'are*”total" return and cost functions in the sense that the mnne-
tary equivalents of the psychic costs of ''labor" have been netted outk:f
of L(') and G(*) and the monetary equivalent df‘psycnic cnsts of the' 
penalty has been added to the monetary panalty, F(-i. Once this haa
been accompiished the problem : i

e e15E, {(-p)z(e

o W ) + pa(t S,W )

15 1° 22

9We should indicate here that the ”fallure state,” Wu, might be charac~
terized either as {W° +L+G-F;p} or as AWo+L-F;p) dépending upon the
d1$p0$1t10n of G when the individual is captured. A more general fail-
ure state can be obtained by defining the random varlable Y, 0 gy <1,
with distribution Ffunction K(y), to be the portlon of G the offender
manages to retain if captured. Then W becomes {W° +L +'YG~F;p}, which
reduces to the above spec1al cases wheg yz 1 and when y= O See Heineke

(1975) for more detall

9§
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R S is equivalent to the problemlo Y

Lo (10) max  {(L-p)V(°HHE) + pv(UHAE-F)
: : ‘ . l? 2 s

PORTFOLIO MODELS OF TIME ALLOCATION — CONTINUED

; ; Iﬁ this ‘section two modeis‘are analyzed. Both are special cases
)of the model givenﬁask(lO) above and are essentially generalized
Versioﬁs of the models bresented by Becker, Ehrlich and Sjoquist.
The first case of interest occurs when the ﬁonetary equivalent of
?5§%". ; legal actiVity is restricted to depeﬁd enly upon t4 and the monetary
equivalents of illegal»activity and the penalty are restricted to

2

.depend only upon t Formally, this means that the functions Cl('); c

9t
(i)fandif%f)above reduce to Cl(tl), Cz(tz) and CB(tz) and hence

'"topal" return and "total" cost functions are f(tl;é),

e — 11 : \

.G(t ; @) and F(tﬂ; B). This will be the case when, for

example, the monetary equivalent of t, "hours' of illegel activity is
independent of (1) the amount of time the agent spendq in legal

" 3 activity, (ii) the attributes of the pepalty, S, and (iii) the wealth

position of the agent.

: “%% ‘7 - o 10q.. Block and Heineke (1974 1975a) for more thall.

St I | lMore precisely, L(tl, 6) S L(tl’ §) - C (t )’ G(tz’ a) =
b c(cz,a>—~0(t),F(t,B)—F(t=8>-C<t)
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Under these conditions the problem is to maximize (L-p)V(V ) +
‘ : 8¢

pV(Wu) with respect to tl and tZ% subject to the constraint tl + t2 <’El.

Necessary conditions for an internal maximum are

- ' T Ve AT ’ ‘ k &\)
(1-p)V' (W)L, + pV (W)L =0
(11)
- ! Yl ' GOl T =
(1=pIV' (WG, + pV' (W ) (G, = F,) = 0

The first equation in (11) provides a hint as to the consequences of

the specialized monetary equivalents. Jn particular, notice that this

equation holds only if fi= 0. Therefore if Cl(°) depends only upon tl

and Cz(v) and C3(°) depend only upon‘ie, the individual's time alloca~-
tion to legal activities will be independent of his wealth and indepen-
dent of all attributes of the penalty. It is also clear from this equa~

A

tion that the uncertainty surrounding returns to illegal activities has

sabsolutely no- effect bn the time allocated to legal endeavors. So no
,matter vhat the agent's wealth may be, 1o matter how hlgh returns to

ylllegal endeavors, how 1ow is the penalty or how unllkely is apprehen51on,

model II always ylelds the same allocation of tlme to legal~act1v1tya

Since these propertles of model 1T~ are of a global nature in that, as lmng

Q g g "
as 0 < tl t, & remains unchanged whatever the values of P, W° ",g

G( ) and F( ), it follows that the analagous marginal effects are

zero. These Yesults plus other comparative static properties of the

12504 of course £y z;ngi =‘l?2-

12
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model are'presented next. The symbol JZ. 1s used to represent the

Jacobian associated with system (11) evaluated at (ti, tg), the :

e}

equilibrium allocation.. The elements of J, are denoted Dij’ i,j = 1,2.

(12) aci/ap =0

nt (o] — ' e TE | ~ L 19
(12') 3t /ep = Dy, (VW IG, =V (wu)(G2 F,0) 3,

(12") dty/op < 0

Changes in the probability of apprehensionvhave no effect on the time
allocated to-legal activity, while increases in this parémeter will

deter participation in illegal activities.

(13)  atJ/ow’ = 0

' ° o _ - Hk - 1 k = % o]
(13') ac,/aw 5«011(% PV (W)G, + pV (wu)(q2 FZ»/ I,
13"y atg/aw° >0

.’whether the individual is risk averse, ‘risk neutral of préférs ris%,
i éXogenous~change$ in wealth will have no effect on the time allocated
toklegal activitiegbl On thé other‘hand,fif‘thé individual i$ risk
aversg'aﬁd displays deéreasing absolute risk‘averéidn or prefers;Q;

risk énd,displays increasing absolute risk preference, (-3R/3W >;6}g;'

' PartiCipation rates in illegal activities will increase‘withlwealth :

levels.

o aw =

e R

(15" 80 /38

(1s"), atglas

,it should Ee kept in mind here, that the penalty function fktz';B)

(16) | ati/ay

'(16’) at/ay

- 18 -

|  o >_'k_ ,  O o - 50 o
’(14 ) Btz/aa = Dll(.aEV/aw )Gza/ sz + G2(8t2/8W )

(14") ’acg/aa >0

Changes in the returns to illegal endeavors have no effect on labor
force partiéipation rates, although decreasing absolute risk aversion
implies the partfbipation rate in illegal endeavors will increase with

increases in returmns.

I
o . .

(15) ,éti/as =

It

Vi \T  '"' " = T ' o
Dy (V' ()T + E0" W) G, = )/ 35

A
Q

Increésing the severity of the penalty for unsuccessful illegal acts

will not affect the tl decision, but will deter criminal activity.

P

" measures only the level of monetary costs plus those non-monetary )

costs that depend upon- t, alone. All other attributes of‘thé

punishment, S, aré’treated as parameters in F(+).

0

0 e O F R 1
at, /28 - br ) °/ap BF /7). s

16" eatd/wyz o aef vt 2ot

2133ée’equation (7) above.

‘,laThis fbllows if‘f(.)jisﬂsepérable‘in‘theksense of'fdﬁtﬁété?éfébé#eg:fti 



. simultaneous equations, but rather a recursive system in which legal
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: Mean'prese:ving increases in the dispersion of returns to illegal o

activity will have no affect on the £y decision. But if the penalty

function is separable, such changes decrease, leave unchanged or

,increaseﬁbérticipaﬁion in illegitimate activities if and only if the'

~agent is risk averse, risk neutral or preferé risk, respectively.

) oo aW°)L °
(17) atl/a(S = Dzz(aEv/aw >L15/ Jz.»z;;:g
(17") ati/86'> 0

(o] - 6 o
(18) ’3t2/36 = L5(8t2/3w )k

(18') at5/8 > 0 15

'Finally, increases in the returns to legal activity increase partici-

-pation rates in both legal and illegal activity. Legal and illegal

activities are grDSS‘cbmplemants!
To be sure we are not accustomed to finding so many unambiguous
qualitative results in the models of economic choice theory. These

results stem from the independence of the markets for legal and illegal

‘activities which is implied by the special nature of the monetary

’ equivalences we. have used."Of course system (ll)fis not a system of

[o}

‘activity decisions are made and then, given £ the allocation to

illegal activities is determined. Comparison of (12", (13", (14"),

i
b3

lSThe proofs of these proposltions-are entirely analogous to those

presented for model'I once one notes that;ﬁi = ( implies D122= D,y = 0.

W
i
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(15")’and‘(lG”),withkiﬁéqualities (3' )=(7") above indicates thatetgis,
specifiqation of monetary equivalence functions has the effect
L " of reducing the timé allocétitn model given as (10) (or (9)), to an
| 16 “

analog of the 51mple portfollo medel. » \

The question remains as to whether or not it is Jse’ul to re-
strict the‘preferences of offeﬁders to such an extent. Only confronting
the model with data caninrovide the answer.‘And‘uhliké many of_the models’of‘
economic theory, the large number of unambiguous predictions yielded |
by{model II afford an’excellent oépOrtunity for empirical testing.
This is particulatlyktrue due to the rather unorthodox predittions
that the time spentvin legal oppdrtunitiés.is independent of the struc- '
ture of returns to illegal activitf and that legal and illegal activity
are grosé coﬁplemeﬁts. These tesults alone provide a strong vbasis‘for
tésting the model.

It is of iﬁterest to note that if il < O.theﬁ ti =‘0 and again
(as‘with the "internal" solution) the éllocation to legal activitieé’is
’invariant to the changes in’rEturns and costs ip‘the marketvfor illegal
'activity. So‘the modei predicts that thete‘is tO'dimihUtion in returné

to illegal activity nor increase in the uncertainty of returns that will

cause profe851onal criminals''. (tl 0) to enter 1ega1 occupations. .




general version of the Becker, Ehrlich and SJoqulst models. 18 Yet

both Ehr..lich and Sjoquist report that legal and illegal activities

arefsubstitutes in their models, which is clearly inconsistent with

 model I1 in {its presernt form.19 Thelexblanation lies in one

additional assumption that was adopted by these authors, viz., that
the time allocated to leisure is fixed and independent of the level
of.returhs and’costs in the markets for legal and illegal activities.

In this case equetions (11) above reduce to
: = V - P ! o1 o =
(19)  (-p)V' (W I (-L, +G,) + PV (wu)(}L1 + G, - F

which will have an internal solution for Eé > Ll and,F2 > Eé -~L1'

Then

(20) 3to/ap =‘«v'(w8;(¥El +G,) - V(W)L + G, - fk))/Jg
(20") St;/ap’< 0

: 0. /2vs0 ] ﬁ T k"" TN - 1" B o o
421) atz(aw = - (pV (Wu)(—tl +G, - F2) + (1-p)v (Ws)(~Ll + Qz))/J3

(21" acg/aw° >0

NI

18, . o - 2 3 .

In Ehrlich (1973), = W (t. ), z w (t ), C° = F (t ), e
in Sjoquist (1973) Cl =g tl, C2 g oo (o E‘B.Z and in Becker (1968),
2 .

S+ C Y » and C3 = fj' There is & problem in: analyzing Becker's

” model sxnce it-is only partially specified and contains no erllclt
j,decision variable.. The  implicit de¢ision variable seems to be the

number of offenses, O;, since Becker states that his approach implies®
existence of a function relating O; to the probabillty of conviction

and the punishment among other things (see p. 177).. Writing O, (t )y

transforms the model into the time allocation framework. The Becker

,model does not include legal alternatives and hence. monetary cqu1valents
: W1ll be funetions of only tz, S -and 'W.

1
9 Tne Becker model deals only w1th the market for illegal actlvitles
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o N : 0, .0 = Q 0
(22) atz/aa, Gza(aEv/aw )J3 + Ga(acz/aw )

(22Y) Bt;/au >0

' o 1" -1 = U ‘t "'," 119
(23) acz/ae pv (wu)FB( Ll + G2 Fz) + vV (wu)rzs)/q3

(23") ac;/as <0
and as before

(24) ato/ay

Alv

nZ
0 4iff V'Z0

where Jg is the Jacobian aSsociated with equatien (19) evaluated at
’equiliﬁrium;?oy Coﬁparison of~these expressions to equetiong‘(lZ'),
(13'), (14'), (15') and (16”) above indicates'that fixing‘tge '
allocation to leisure 1eaves the predictive consequences of model 11
unghanged with respect to illegal behavior. Clearly, this will not

be the casexfor.ﬁhe participation rate in legal endeevorSav Since‘if

e is an arbitrary parameter,kthenvati/aei= -Bt;/ﬁa; eTherefo:e
1(25) ati/ap >0

(26) 2t /oW’ <0

(27) atz/éa <0 , . i' "‘9

(28) 8t)/38 > 0

QAgain, the proofs of theqe prop051t10ns are virtually identical
to those above. Inequality (24) requ1res T be seperable as before




‘ O a2 o | T
(k29)v Btvl/aY - 0 iff V' <0

Finall§ note that

C a0, e Oy /10 T £ne O a0
(30)  2t7/88 = -L (IEV/2W°) /35 ~ Ty (at]/aw°)

e

(30') 2t7/38 > 0
and;therefOre‘

(31) ac;/aa <0
Once the leisure margin is fixed, legal and illegal activities become
gross substitutes and the model collapses %nto the simple portfolio

7

model of éapatibns (1) -‘(7) above. |
To summarize the'results appearing in this section, notice that

if t3 denotesrthé time allocated to leisure and 6 is any parameter
which affectsfﬂnly the distribution of returns and costs to illegal

activity, then at;/ae = —Btg/ae'whenever t, is free to vary. (Con-

3 _
trast the pairs (12),(12") -~ (16)(16") with the pair (17')(18').) Once

the leisure margin is fiked, then atg/ae = -étg/ae, where e is

, any parameter in the model. (Contrast expressions (20') - (23') with

T . g | al
expressions (25) - (28) and,(BO') with (31). A~So these models are

not tlme allocatlon models in any usual sense of the word, -But the

more 1mportant questlon is whether either model descrlbns criminal be—

:hav1or.' Slnce eaéﬁ“m@delﬁprovides a number of unambiguous predictions$
 test1ng should be re;atlvely stralghtforward For ekample, one could:
‘vbegln by attemptlng to dlscrlmﬂnate between the fixed and varlable

‘lelsure margln ver51ons of the'model.‘ To'test the fixed lelsure mar4:'

2 “The condltlon 8‘t°/ds = 8( - t°)/35 is” nvecvsely analogous to
g am°/85f= (1 - x )/Ba in the 51mp1e ortfollo modeW :
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gin assumption one could test ﬁhether Btl/ae + acz/aa = 0, where ¢ rep~
resents any of the parameters enteriﬁg the model?e If this assump- .
tion is rejected; one could thet proceed to test the twelve restrictions
given as (12), (12") - (16), (16") and (17') dnd (18') abave. As we
noted’previously, special interest lies in testing the independence res-
trictions, ineéualities (12) - (16), and the gross complementarity of ‘Kﬁ
legal and illegal activity, (18'), since these properties of model II

afe associated‘with a much smaller class of models ‘than are the remaining
properties, If both vefsions of the model are réjectéd, 6ne has evidence

that the preference restrictions wutilized ;Ln Model II are inappropriate. L

A more general model should be conéidered.’

MODEL IIT - THE ALLOCATION OF TIME TO ILLEGAL ACTIVITY: THE CASE OF

BERNOULLI CONSEQUENCES

" In this section we present atmodel which fully accounts for
non-monetary aéﬁects of both the time allocation problem and the
penalty. As the title of the section indicates, the model is

&

concerned (as have béEn the other models in this\paper)‘With‘the

. special case where the cbnsequences,of 1llegal activity‘are Bernoulli

22 :
Notice that this means the rate of substltutLon between t.

and ty will always be constant and equal to unity.: Or alternatlvely
"if t, and t, are interpreted as the time spent by an individual in-
each of two occupations and Ny .= (3t /aa)<t/t ), 4 =1, 2,

~then the flyed leisure margin vers;on of. rodDI 11 predltts that tr /tu

k'-nze‘/ﬂle where € is .any parameter in the model “In; words, the relatlve sen— : fﬁ

: O

51t1v1ty of the time allocation to occupatlon two ‘to changes in any
 parameter is given by the observed proportlen of tlme allocated to
the other occupatlon,‘t /t

s ;L
Boad
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distributed. Using the nbtation‘déveloped above, Z(tl,t S,W)

2’

represents the agent's utility indicator with S being a vector of

attributes of the penalty. For interpretive convenietice we assume

" here that S is a scalar, the length of the sentence if convicted.

It is natural to specify S = s° + Sl(tz;c), Sl(O;c) ER0) af;d's2 > 0?3

o : A ’
The term §° is a constant and represents the minimal prison sentence

~ for the class of activities in question. Analogous to above, we

20

~define S, > 0 and S, > 0. The individual's problem is then to

(9) max {(l—p)Z(t
l 2

o,ws).+ pz(tl,t 5,1 )}

l’tz) 2’

subject to the condition tl + t2 +‘t3 = t; where WS = L(tl;é) + G(tz;a)
and wu = ws - F(tz;B). Recall that the functions L, G and F contain
only monetary aspects of the return to legal and illegal activity and

monetary aspects of the penalty, fespectively, since here non;monetary

- aspects of the offense decision enter Z(+) directly.

~Firsc order conditions for‘an internal maximum are

(1—p)(z + z L ) + p(z + zw l) =0
(32)
’(l-p)(Z + zW 2) + p(Z + 2 52 +Z (G FZ))‘= 0
o k - DO
kjwhere 2% = 2(t),t,,0,H ), z¥% = Z(tl’tz’s W), ‘,1 S YAVC T

etc.

230f course it is DOSle“e that § (O o) > 0, since nweople Go

.ovca51onally receive prison sentences for crimes tliey (0 not commit,

Jote that the snec1flcaulon 8- (O o) = Q0 &lso 1mn11es the ex15uence"

;of Bype l error o \ SN



It is of considerable interest to calculate the effects on the
~ time allocation to criminal activity of changes in the various para~
meters and to contrast these with the analogous calculations in models I and II.

Straightforwdrd but tedious computdtions reveal

(33) 3t, 21{(l P) Pty )t Pty ) Hy (oR) (5 706)) +
_2 .
oW ‘ JO
14
| .
o
Py *+ 2y + B(Gy = Fp)) ) N
o B
T4
(34) 2ty B0y (3£2/00°) 4 G, (3t, /o) “.
oa 7° P iy
° ‘
o
(35) e, Py ZTyg  Fglefy 2, W'z (G Fp)) — (opMBy, (2, bt
98 5° ‘ - 30
4 o4
o u, o, o,u S ¢ Y -
(36) 3t, 11(25 +256,-25 258, + 23(6y- FZ)) + 1{21( : —zle+z + zle)
‘ Ip . ; « o ‘
| B
‘ 36 Jo ' ‘ "
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Atnd finally the effect on the time spent in criminal activity due
to changes in the severity of punishmént (as measured by the length

~of the sentence) is givén by

] . ’ ! ) -3-5'— = .0

(38) . 8t, -pH s, ,,o‘
C 98 1175°20 |, 5_(9t,/35°)
J4 ot

In expressions (33) - (38), H = EZ and JZ' is the Jacobian associated

"' with (32) evaluated at equilibrium. As would be expected, it is nqt'
pbssiblé tc establish the sign of" any one @f these comparative static
derivatives unless‘dne is Willing to make much stronger assumptidns

3.  o ‘aboqt the preferences of 6ffenders.‘
 The response of illegai activity to increases in illegal bpportuni—
;ties;’atz/éa, and legal‘obportunities,‘atz/ad,.are composed of stochas-
tié counterparts toAneoclassical substitufion and income effects. (See
Biock and Heineke (1973,;19?5b)),vaén if one is willing to assuﬁe.that
.illegal endeavors are,infer;or‘activitiés, it ié nottﬁossible to sign '
thes;stermé, although ;s usual the direct sﬁbstitution effect is signed.
’It is also interesting to note that the response of criminal activity to,‘
!¢haﬁgeé i senteﬁcé 1éhgtﬁ; étz/ag, may be Writtenkas‘inv(38) as the sﬁm 
- éﬁ'two’cbmpdnenﬁs: the first‘méasures4theffesp§h§ekof t2 toia cbmpenSated
chahge\in U;iand is always négative; the lattef measureé thexrespénse of
té a'dhahge'ih the minimal sentence.

P o  Thé~reader will recall that in bdth.models I,and IT it was shown that
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if the penalty function was separable, increases in the dispersion oF

K

returns to illegal endeavors led to decrédées in such activity if and

i

v e N ) : : o &
only if the agentwas risk averse and vice versa; i.e., Bt?/ay 5 0

if£.U" S 0 in those models. It can be shqwnfthat in mddel IIT sign{U"]

>

ié neither necessary nor sufficient for determining the allocative

»effects §f changes in’the dispersion ofkfeturns. |
In other‘ﬁords,‘if'the‘utility function is left unrestricted vis

a’vis specialized assuﬁptions about mongﬁary equiValents, then no coh4 -
clusions may‘be‘drawn concerhing behavior toward risk by'obServing
sigh[atz/BY]. This point is of interestdﬁe to thé fact ﬁhat sign[ate/BY]
is eqpi#alent'to determination of the responsiveness of offenses due to
simultaneous and offsetting changes in the pf;bability of conVicﬁion

and in the severity of puhishment. (See the discussion following inequal-
i%y (7')’above.) Therefore Beckér's contention that thé,"co?moﬁ general-
‘izatibn";that a change in the»probabilify of‘convictioﬁ has?g é;eater‘
-efféct on the nﬁmbér'of offenses'than‘a,changé'in pﬁniéh&ént impliss bf— k
- ‘Tenders are, on average, risk takers, is‘not fO%thcoming in a'more;“
\ygeneral,time allocatioh modelrinqwhich ndn;monetary aépecté_ﬁhe~offeﬁsé
nﬂdecision are’left'unrestricted; In fact this "commqn generaiiZation" =

) . ‘ Iy P > ; . :
Jis c0n51stent with wa,< 0. - e )

"MODEL IV - THE ALLOCATION OF TIME T0 ILLEGAL ACTIVITY: GENERALIZATIONS

| AND PROBLEMS . s

[V B

bute that there are but two consequences in the decision problem confron-. . -

ting the offender. At firét'bluéhxthié‘seems;to be ankéminehtly‘réQSOnablé‘f4‘,,““‘

i

Sy

‘FBach of the:models'investigafed invthié pape:‘paviwthe common attri- .
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charghterizatioh of the problem. dBut is it? If‘the decision prdblem :
1s yie&edyas a general time allocaeion problem, theﬁ Bernpulli cense—
quences imply the individual will either‘Succeed on\gggzx_offense under-
taken or fail on every offense undertaken - a hopéleSsiy unrealistic
state of affairs:‘

One suggestion for salvaglng the time ‘allocation model was given
in “Block and Helneke (1975a) and amounts to replac1ng the Bernou111 den-
sity with a more general density function. Then, letting A be a continu=
ous randdm variable definedfenVEO,l] with distribution function K(A),

, , R
the choice problem posed as model III becomes

(39) ma# {élz(t

. BLE

2,5 W+ L + G~ AF)dK(A)}

subject to § = §% + Sl and tl + t2 + t3 = t. In (39) it is possi@ie

" for the offender to "fail" on any portion of the total number of offen-

ces committed. Although such a formulation does incorporate-'partial

success,' a ubiquitous feature of the real world, several generalizations

are badly’needed. First,kin model (39) only monetary aspects of the -
penalty are stdehastic. It is'elear that in any'fealistie mpdei of

, criminal behavidr, gains and penaliieS“must:ﬁe more genérally stochastic.
Buf‘even in such a modei, a secend and more difficult problem remains

if prison sentences are a p0551ble penalty -.a problem riot usually ad-
\\

dressed in labor supply models The 1nd1v1dual may be apprehended and
\\.(\\\ R B : .

E 22 /) @ : Lo
éf X can assume but ‘two ‘values, say zerc and one, and dh(l)/dk k(x),

then k(1) = p, k(0) = 1-p and the function k(.) reduces to the Bernoulli
den31ty1s ’ SN LR o N : o

N
Y
1

|
\

e 7
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hence be unable to supply the planned number of offenses. This predi—
cament -arises not from an anomaly unlque fo models of crlmlnal ch01ce but
instead 'is an intrinsic shortcomlng of static models that could be re=
Jnedied by modeling the decision problem as a aynamic process iﬁ‘which

realized consequences in period t are usgd to;update the model and
become the basis for'decisions in period”t + 1.2)4

Other than a dynamic programmipg model; &an additional possibility 
for circumventing the complicationsﬁintroduéed by prison sentences is
to view‘the‘individual's decision problem as either (i) that
of chopsing whether or not to commit any égg foense~or (ii)’that'of ; . .
‘choosing‘the ﬁime allocation to any one offense. In the first instance’
the decision variable ié discrete, assuming the‘values‘zero‘énd one,
while in'theklatter,fO f.tz'f t as before. ,Tﬁe;distinctiOn‘betwegn'
thesékappfoaches is mo;e than merely pedantic, since the qualitative

implications of the two models'differ substantially. ‘Ifkpotential’

offenders view their decision problem as one of determining the amount

of time to allocate to an offense on an offense by offense basis, than
model III,~expressiony( 9), is appropriate and no qualitative implica-

tions are forthcoming without imposing stfong restrictions on the pre-

i

23This is not to say that involuntary exit from. the labor market does

not occur in markets for legal sk1715, e.8.; when the individual-

becomes too ill to work, but 1nst€@d that it is an 1n51gn1f1cant : JRC
aspect of the total problem in these markets. e ST B N

2hSee Block, Heineke end Sweeney (1977) for a smnple dynamlc nodel 'fﬂi
_of the criminal ch01ce.‘ ; 4 T
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’ferences‘of,offendErs.QSb On the other hand, if the decision problem

is viewed asfa special oase 6f the ‘time allocabion problem in which the
‘Potential’offender‘decides togeither commit‘an offense or nob on‘en
offense by offense basis, theébstrong_qualitative implieations afe
f‘orbhcoming-2 In'any event the dlscu551on points up the faet that

further progress in modeling crlminal behavior requires more effort

’ be'allocated to understandlng‘the structure of the underlying decision -

process and less to the‘generation ofvég’hoc'models.

Summary and Conclusions

The purpose of this paper was to provide some. perspective on the

problem of modeling the decision problem of a potential offender. The

~eight years which have passed since the appearance of Becker's pathF

 breaking paper have seen several generalizations of Becker's framework.

ThempaperS'of‘Allingbam and Sandmo, Kolm, and Singh have Vviewea The

offense decision as essentially'a portfolio‘decision, We saw that this

speeifieation leads to a number of testable implicaﬁions; The papers

~of Ehrlich and Sjoquist have adopted Becker'svnotion of the monetary

or wealth equ1valent of the psychlc costs of an offense, and 1f such.
equ1valences ex1st there is no formal obJectlon to this procedure.

But if monetary equivalent functions are generallyvspecified,.there

seems to be no conceivable adventage to be. gained by the procedure.

o

. This dec151on process is a time allocatlon problem in uhe sense that

QSIf thls 1nterpretat10n is adopted it would be de51reable to treat

p as a function of t. with p'(t,) < 0. Since for most individuals’
it seems likely that”the more time spent planning any glven offense,
the ‘smaller w1ll be the,llkellhood of fallure.

~‘the de0151on to:commit an offense 1s a decision to allocate a fixed amount

“of - time to 1llegal act1v1ty If an offense takes t "hours," then, under
Alwthls 1nterpretat10n either t2 = O or r =t

(N
*ooiqn conurast t0 the :

‘models 1nvest1gated in thls pape1 in: 1h1ch t L[Q 3.

,'mes
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ext we found/the models of Becker, Ehrlich'andaSjoquiét restea,upon

rather strong, implicit assumptions about the fundtionaiifopm'of none-

‘tary equivalences and hence about the nature of the underlying wtility

function. In'effect the assumptions used in these nodels transform the'

offense decision problem into a simple portfolic problem. This model
’provides the theoretical underpinnings for the qualitatively unambiguous

" theories of deterrence which have been feporféd in the literature.

These results were reporﬁed above as model II and a special case of
model II in which the time allocated to leisure is fixed. Both of
these‘models support the’tréditional hypothesis concerning thé deter—
rent effects of changes in the "g;ins" and "cdsts" of crime. Not so
traditignal results forthcoming from models II iﬁéluderthé normality
of iilegal acﬁiﬁities in each mOdel; the independence of legalilabor
market decisions frém a1l parametef shifts in illegél_mérkets aﬁd ‘the |

complementarity of legal and illegal activity, whenifhe leisurevmafgihk

' is‘free'to,vary; and if the allocation to leisure is fixed, the predic-
~tion that dhanges in‘labor force participation rates, due to any param; ,
- eter shift, will be identical in magnitude but of opposite sign, to

- . changes in the amount of time allocated to illegal activity.

In the final section we discussed several @robléms[Which,persisﬁ

orice psychic costs have been more generallyracCounted,for.“FOr one

thing a time allocation model with Bernoulli‘distributéd consegpénceS

S

implies the offender either succeeds or fails on every offense under~: -
. taken. More general distributions of consequences eliminate this dif- ‘

‘ficulty. One fundementel problem remained: It may not be possible .

for the agent to-carry out his plans if prison sentences constitute

- punishments. Several approaches to solving this problem vere given. = .
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Appendix

Model I

. By equation. (3)

2/ = = (A-p) W' (W g, + PUM W) (g ~ £0) /3,°

il

(RO (LpIU" (g, + ROT) BU' (0 (g, = £,)/3,°

Y. ’ ' 0‘
(R(WS)A + R(WQ)B)/Jlf

where R(WS)-= —U"(WS)/U'(WS), ete. Now A > 0, B < O and A = =B by the |

first order condition for an internal maximum. Since decreasing abso-

lute risk aversion implies R(Wu)‘> R(WS);the‘numeratér of (A - 1) is

negative and 9x°/dW° > 0. It follows immediately that 9x°/da > O.
Mso, since (gx - fx) < 0 by the first order conditions, risk aversion -
alone implies ax°/as'< 0.

" To showyaxolap <.0 rewrite the first order condition as UT(Wé)gx'?

kp(U”(WS)gx,— U'(Wu)(gx - fx)) and compare with'the numerator of’e@uatioﬁ

(6) .

A

Finally,‘from eduation,(7) we have

(a-2) o ex"/ay = ‘BXG/BBf‘(on/ap)(pfa/f)‘ o



&

J,35 =
 Substituting for 3xq/8B and onlap and rearranging yields

" a3 30 _ Aplg, - £) UIEE, - pEy g U) - U@ /E

+ pU (Wu) (fxBf | fox)/f}/Jl

&

= pfy (g, - £ U (M) - g (UG - VW )/D)/3,°

if‘f(x;B) =vf1(x)f2(8). The.numerator éfvthis expression is negative
iff U'" > 0 and positive if U"< 0. Therefore if the penalty function is sepa-
rable,ax°/2y% 0 iff U" 2 0. |
P;ocedures precisély analogous to those’used thus’far, will ve:ify
“'ghe results reﬁorted in footnote 6, for‘the case when U" > 0 and

- 3R/BW > 0.
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