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Abstract

In the economic literature on law enforcement, the distinction between the prob-

ability of arrest and the probability of conviction is not explicit. However, detection

does not necessarily imply punishment. This paper focuses on proving that punish-

ment cannot be applied without preceding detection. In this context, in the case of

non-apprehension, the offender expects a double gain: monetary and non-monetary

gains. The result shows that if the probability of arrest is high, the reputation evap-

orates, which means the arrest has a deterrent effect on crime insofar as it generates

a bad reputation for the offender. The monetary sanction has a deterrent effect on

the monetary benefit from crime in the sense that this variable is less elastic than

punishment cost. The low probability of punishment can be compensated by a max-

imum punishment.
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1 Introduction

In the economic literature on law enforcement, the difference between apprehension and

conviction appears blurred. In reality, committing an offence and getting arrested does

not necessarily mean punishment. In the insterest of simplification, previous work assumes

that arrest implies conviction. According to Chopard and Obidzinski (2021)the probabil-

ity of detection and conviction are ambiguous while potential offenders know full well the

amount of the fine. They suppose that punishments are often explained in sentencing laws

or penal codes, but information related to the probability of detection cannot be provided.

Potential offenders may only have a vague idea of their own probability of getting caught

and possibly, convicted.

Furthermore,Obidzinski and Oytana (2018) argue that the standard of proof refers to

the degree of certainty required for the court to convict a suspect. They explain that both

the standard of proof and the presumption principle are related to the strength of evidence

needed to convict: stronger evidence will be needed to secure a conviction if there is a

presumption of innocence or a high standard of proof.

In the practical reality of law enforcement, the arrest and conviction process is subject

to well-framed and organized procedural rules. Indeed, the arrest is the step by which

the law enforcer proceeds to the capture of the accused. After this step, the accused is

not immediately inflicted with a punishment. The next step is the judicial investigation,

a stage where all the information is gathered, as well as all the material, moral and legal

proofs that allow to justify that the presumed offender is accused (released in the opposite

case). The process of application of the punishment consists in applying the decision of

conviction pronounced by the judge. Thus, the process from the arrest to the punishment

ends with the court decision (conviction or release).

This paper is primarily concerned with the idea of clearly separating the two essential

steps of law enforcement as in reality. An attempt is made to formalize and explain the
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behaviors of offenders and the realities of arrest and punishment. A mathematical language

is used to define the hypotheses and to delimit the validity of the theory. Starting from a

normative idea or from the explanatory aspect, we try to understand what should be the

behavior of the offenders according to the criteria of rationality and optimality.

In most works on crime and punishment (Becker, 1968; Polinsky & Shavell, 2007) it is

suggested that punishment and the probability of detection are substitutes. This suggestion

may be refuted for the following reason. It is inconceivable to punish a person who cannot

be caught. This means that Law enforcer cannot apply the punishment without having

made an arrest. In other words, conviction is a detection-dependent event. Garoupa (2001)

have shown that probability and fine magnitude are complements rather than substitutes.

This article attempts to challenge the lack of distinction between arrest and punishment.

We try to relax the assumption that the probability of arrest is the same as the probability

of conviction. This work tries to show that conviction is dependent on detection. We

support the idea of complementarity between apprehension and conviction. Thus, the

idea of substitutability between punishment and detection will be forgotten. The model

proposed in this paper considers the need to study the non-monetary gain that could be one

of the motivating factors to commit an illegal act. Beyond monetary payoff, the model is

based on the determinant or non-monetary motivation that drives the offender to commit

a crime. Indeed, the individual’s reputation is at stake vis-à-vis his fellow man if he is

apprehended for a crime.

Thus, we use two main assumptions: i) Punishment cannot be applied without detection,

ii) conviction is a detection-dependent event.

For ease of reading, this paper is structured as follows: section 2 explains the dual meaning

of reputation as both a sanction if the offender is apprehended as a result of the illegal

act and a non-monetary benefit if not, section 3 attempts to develop the states of nature

or events that may occur in the accomplishment of a crime, the utilities associated with

them as well as the probabilities associated with the states of nature, section 4 is the most

important one as it presents the proposed model that takes into account the elements shown
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in section 3. Based on the research results (section 5), the conclusion (section 6) contain

the main contribution and research significance.

2 Two meanings of Reputation

In this section, we will examine that reputation can be considered not only a penalty if

the offender is apprehended, but also a non-monetary benefit if the offender is not arrested

after the act.

2.1 Apprehension as reputational sanction

In the economic literature of law enforcement, forms of sanctions other than legal sanctions

include extralegal sanction (Bar-Gill & Harel, 2001), reputational sanction (Iacobucci, 2014;

Fluet & Mungan, 2022), stigma (Rasmusen, 1996; Harel & Klement, 2007; Mungan, 2015;

Buchen, Deffains, & Palermo, 2019; Fluet & Mungan, 2022), informational sanctions (Zasu,

2007; Iacobucci, 2014) and sanctions by social norms (Zasu, 2007; Deffains & Fluet, 2019;

Fluet & Mungan, 2022). These sanctions are familiar because they are in addition to the

primary legal sanction associated with the act (Mungan, 2016).

Drawing on the concept of reputation, we are particularly interested in the link between

reputational sanction and arrest. Deffains and Fluet (2019) show that violations of the law

trigger reputational sanctions to the extent that they signal nonadherence to underlying

norms, which raises the question of the design of offenses. They proposed that legal norms

should either align with underlying norms with fines that offset deterrence by providing

information, or be more demanding and enforced with purely symbolic sanctions. In our

analysis, the reputational sanction is used as a means of deterring crime in addition to the

legal sanction. The arrest allows to intimidate the offender who engages in a criminal act.

It has a psychological effect and eliminates the moral or psychic motivation of potential

criminals in the sense that the social relationship or esteem of the individual towards society

as a whole is lowered. In a society where crime does not exist, everyone has a sense of social

belonging, and the good reputation of each individual is the reward for not engaging in

criminal activity.
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An offender is defined as having a ”bad reputation” if he is apprehended as a result of the

act committed. The explanation is that the individual studied loses his social legitimacy

due to the bad information on his status following his apprehension. Therefore, the bad

reputation is considered to be the reputational sanction resulting from the apprehension. As

explained by Iacobucci (2014), reputational sanctions are not independent of legal penalties

but rather in part depend on them. Changing legal penalties to account for the reputational

effects of misconduct changes the reputational effects.

2.2 Reputation as non-monetary gain

Because of the difficulty of estimating non-monetary gain, to our knowledge, few works

have delved into the analysis of non-monetary gain as a motivation for illegal acts. We try

to explain that the act could be motivated by elements other than monetary. This moti-

vation can take several forms: the moral element, the psychic satisfaction, the emotional

motive (for example the crime of passion), the social influence. We therefore propose to

define non-monetary gain as an advantage for which the individual’s reputation with re-

spect to his fellow human beings is preserved if he is not arrested despite the crime he has

committed. Other individuals in society do not have the information about the criminal’s

illegal behavior unless the criminal has been apprehended by law enforcer as a result of

committing a harmful act. The offender has a ”good reputation” if he has not been de-

tected.

Literally, there is a very significant difference between ”being arrested” and ”being pun-

ished”. Indeed, being apprehended does not systematically mean that the arrested individ-

ual is punished. From another point of view, the arrest constitutes a reputational sanction.

To be clearer, we must differentiate here between punishment (fine and imprisonment)

which is inflicted by the law enforcement authority and reputational sanction which is

linked to the social status of the apprehended offender. For example, the bad reputation

of the offender towards his neighbor is the reputational sanction if he is arrested for com-

mitting an illegal act.

Clearly, not being arrested brings a double gain for the offender. In addition to the mone-
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tary gain from the illegal act, the criminal feels good about his social status because he is

still considered as an honest person because he was not apprehended. In most cases, the

delinquents who are arrested have a difficulty of social integration because of the public

opinion that tends to conclude hastily that the criminals are dangers for the society. In

such a case, the situation is therefore qualified as a bad reputation for the offender. The

generalization of this point of view leads to the social exclusion of individuals who have

carried out incriminating acts. Indeed, the fact of not being apprehended following the

realization of a crime makes it possible to preserve the good reputation or the social value

of the criminal, which is not a monetary value. Through this analysis, we try to find a

relationship between non-monetary motivation, gains, damages, probabilities of detection

and punishment.

3 States of nature, Utility functions, Probabilities

We consider a risk-neutral individual whose motivation to engage in criminal activity is

not only the monetary gain noted b, but also the non-monetary gain composed of other

factors aggregated by r. These factors can be described as the non-monetary gain (psy-

chological satisfaction, social esteem, reputation, or others. These factors can be described

as non-monetary gains (psychological satisfaction, social esteem, reputation, etc.) that the

offender receives as a result of committing the crime. It is assumed that they contribute

to the satisfaction obtained from the criminal act, which translates into an improvement

in the criminal’s level of utility by committing a crime.

Obviously, the law enforcement authority does not know the value of r. It is assumed that

it follows a distribution function noted G, and a density function g.This proposition implies

that the non-monetary motivation is a random variable such that there are cases where:

i) the motivation of the crime is purely monetary, ii) the motivation of the crime is purely

non-monetary, and iii) the combination of these two factors. The analysis presented in this

study considers the presence of the combination of the two factors of criminal motivation:

monetary gain and non-monetary gain.

Furthermore, it is also assumed that the non-monetary gain takes the form of reputation
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noted r where it is labeled as ”good” or simply ”good reputation” if the criminal is

not apprehended. Intuitively, good reputation does not negatively affect one’s utility level.

In other words, the individual’s social reputation is still described as ”good” if he has

committed a crime but is not arrested. This reputation immediately turns into a ”bad

reputation” if at the time of the crime he is arrested. This means that the ”bad repu-

tation” negatively affects his utility level.

The definition of the states of nature and the associated utility function allows us to see

the stages of the realization of a criminal act. We consider three different states of nature

X1, X2 and X3.

We note by X1, the state at which the individual commits a crime but is not appre-

hended. The state X1, is associated with a utility function denoted by u1(b, r), such that

u1(b, r) = b+ r where b is the monetary gain and r is the reputational gain, and which also

determines the level of the individual’s reputation, or the level of the non-criminal popu-

lation’s appreciation of the individual’s behavior. Both variables b and r act positively on

u1.

Then, stateX2 is the situation where the individual who committed a crime is apprehended.

He is first in the situation of being arrested but not necessarily punished. In other words,

being arrested does not immediately imply punishment. There is an administrative or even

judicial process by which an individual who has committed a wrongful act is arrested, the

purpose of which is conviction. This is combined with the principle of presumption of

innocence, according to which each individual is supposed to be innocent of the act he or

she has committed until proven otherwise, i.e. until the judicial result is achieved. This

idea is consistent with the work of Obidzinski and Oytana (2018). Their article focuses on

the link between the principle of presumption of innocence and crime deterrent.

Indeed, the arrest is not immediately punishable. As consequence, the probability of detec-

tion is different from the probability of conviction. Intuitively, the arrest allows to destroy

or neutralize the reputation r of the individual. The state X2 is associated with a utility

function u2(b, r) such that u2(b, r) = (b+ r)− r. This relation implies that the arrest neg-

atively influenced the individual’s utility function through the bad reputation. However,
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the monetary payoff is not immediately neutralized. From the utility function obtained at

the state of nature level X2, we can say that the arrest is an instrument to eliminate the

non-monetary motivation for a crime.

At the end of the investigation procedure of the accused or even judicial trial, we note by

X3, the state that defines that the arrest leads to the final result of the application of the

law which is the sanction. Thus, the individual ends up being convicted or being sanc-

tioned. After being arrested and following a procedure, the individual is inflicted with a

sanction denoted by s. It is assumed that s ≥ b. The utility function pertaining to the state

u3(b, s) where s negatively affects the utility function u3 which is written: u3(b, s) = b− s.

Then, punishment can be defined here as a complementary and arrest-dependent penal

instrument. It deters both monetary and non-monetary motivation for a crime. This im-

plies that it is completely impossible to punish an individual who has committed a crime

without being able to arrest him. Therefore, the state X3 depends on the states X2 and

X1. In other words, the state X3 does not exist if and only if the two states X2 and X1 do

not also exist.

Each state of nature is associated with the probability of the event, because each event may

not occur. Indeed, an individual who commits the offense may or may not be apprehended.

It is obvious that an individual who is arrested has a chance of being punished. The same

is true of the opposite event. Punishment is not a certain event after apprehension. This

idea rules out the certainty of conviction or belief developed in the economic literature on

law enforcement. To simplify the formalization of state probabilities, we will start from

the final state X3 (being punished) to the initial state X1 (committing the offence). If q is

the probability of being convicted, (1 − q) is the probability associated with the opposite

event: not being convicted. If p is the probability of apprehension or arrest, the probabil-

ity that an arrested individual is not convicted or released is given by p(1 − q). Finally,

the probability that an individual who has committed an offence is both arrested and not

convicted is then written as (1− p)(1− q) : the probability of not being arrested and the

probability of not being convicted. The table 1 summarizes the elements of the model.

Remember that X1, X2 and X3 correspond respectively to the events: i) Committing an
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States of nature Xi Utility function ui Probabilities δi

X1 u1(b, r) = b+ r (1− p)(1− q)

X2 u2(b, r) = (b+ r)− r p(1− q)

X3 u3(b, s) = b− s q

Table 1: Payoffs in case of three states of nature

offence but not being arrested, ii) Committing an offence and being arrested and convicted

iii) Committing an offence, being arrested and convicted. From table 1, we can write the

expected utility in the sense of Von Newman Morgenstern 1

Eui = (1− p)(1− q)u1 + p(1− q)u2 + qu3 (1)

By bringing the values of ui into the equation 1, we obtain,

Eu(p, q) = (1− p)(1− q)(b+ r) + p(1− q)((b+ r)− r) + q(b− s) (2)

After simplification, the equation 2 takes the following form,

Eu(p, q) = b− qs+ r(1− p)(1− q) (3)

Note here that b− qs is the expected monetary benefit and r(1− p)(1− q) is the expected

reputation.

Proposition 1 If there is no arrest and therefore no punishment (the two events are de-

pendent), the criminal expects a double benefit: the monetary benefit b in addition to the

reputational benefit r

Proof 1 As p = 0 and q must necessarily be equal to zero q = 0 (if the arrest is impossible,

so is the punishment) then Eu0,0 = (b+ r)

1The Von Newman Morgenstern expected utility model is written as : Eu(Xi) =
∑

n

i=1
δiui such as

∑

n

i=1
δi = 1. Here n is the number of states of nature, (n = 3) and δi the probability associated with the

state of nature Xi. Sum of δ1+ δ2+ δ3 = 1 is verified , because δ1 = (1−p)(1− q), δ2 = p(1− q) and δ3 = q
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Proposition 2 If the arrest is certain, the expected reputational benefit would be zero and

whatever the value of the probability of punishment, we obtain the canonical form of the

Becker b− qs deterrence model.

Proof 2 As p = 1 and for any q, then r.0.(1− q) = 0, so Eu1,q = b− qs.

It should be noted that the punishment depends on the arrest, we can only punish the

offender who is arrested, so to satisfy the condition of deterrence and before applying the

punishment, it is necessary that p = 1. In other words it is necessary that the arrest is

certain before we proceed to the application of the sanction.

Proposition 3 Even if the punishment is uncertain (q = 0), an optimal probability of

arrest (by acting on p) may be enough to ruin the reputation (r = 0 as reputation effect

after arrest ).

Proof 3 By acting on p, ∂E
∂p

= 0−(1−q)r = 0 with q = 0⇒ −r = 0 Note that the negative

sign here corresponds to the negative or bad reputation associated with the optimal arrest

probability

Remarks

In analyzing the costs and benefits of crime, there are a number of possible scenarios:

• If Eup,q > 0, the individual will commit the offense because the expected utility of

engaging in the criminal activity is positive. Indeed, if the expected gain from the

criminal activity is greater than the deterrence constraints, the crime will persist

b + r(1 − p)(1 − q) − qs > 0. It is advantageous to undertake the criminal activity

because the gain is greater than the cost of detection and punishment.

• If Eup,q < 0, the individual will not commit the crime because the expected utility

of committing the crime is negative. In other words, if the expected gain from the

criminal activity is less than the deterrence constraints, the crime would be deterred
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b + r(1 − p)(1 − q) − qs < 0. It is not profitable to become a criminal because the

gain is less than the cost of detection and punishment.

• If Eup,q = 0, There are two possibilities: if the individual is risk averse, he will not

become a criminal; if not, he will become a criminal.

Consider the third case Eup,q = 0 and assume that the individual under study is not risk

averse to being arrested, getting a bad reputation and being inflicted by a punishment. For

Eup,q = 0, we obtain the main relation b = qs.

We conclude for the moment that at the optimum, i.e. an optimal arrest by the Law

enforcer allows the reputation to be destroyed (r = 0) and the relation between monetary

gain and punishment becomes b = qs. This is a canonical Becker deterrence equation,

which states that the expected gain must be equivalent to the fine imposed on the offender,

here the probability is the probability of conviction.

4 The Model

Having satisfied the condition of arrest to destroy the reputational gain, we are now in-

terested in how to deter crime by acting on the punishment. The level of deterrence of

the offence can be calculated by comparing the benefit and cost of the illegal activity, and

measuring the arrest and conviction costs until the gain equals the sanction imposed on

the offender. There is also a method for evaluating the deterrence strategy. This is the

minimizing of the cost of detecting the offence, which corresponds to maximizing the social

welfare by establishing an effective level of deterrence or an optimum level of penalty.

The model presented in this article is inspired by Garoupa’s model (1997, 2001) with an

extension that focuses on separating apprehension and conviction while including non-

monetary gains in social welfare. Thus, taking into account the monetary and reputational

benefits, and costs generated by the crime, the social welfare is written :

W =

∫ r̃

0

∫ b̄

qs

(r + b− h)dG(r)dF (b)− C(p, q) (4)
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where r̃ denotes the expected reputation, b̄ is the maximum monetary benefit, S: the

penalty, C(p, q) is the cost incurred by the arrest and conviction, h the monetary damage

or harm suffered by honest individuals as a result of engaging in criminal activities. We

note that the model presented here does not take into account non-monetary damages,

which constitute an important field of analysis.

The Public Authority wishes to maximize W

max
(p,q)

W =

∫ r̃

0

∫ b̄

qs

(r + b− h)dG(r)dF (b)− C(p, q) (5)

s.t r̃ = r̄(1− p)(1− q)

s ≤ S

The first order conditions (∂W
∂p

= 0, ∂W
∂q

= 0) give us the following relations.

Cp(q) = −r̄(1− q)r̃g(r̃) (6)

Where where Cp(q) =
∂W
∂p

= Cp is the marginal cost of arrest.

Cq(p) = −(r̄(1− p)r̃g(r̃) + S(qS − h)f(qS)) (7)

Where where Cq(p) = ∂W
∂q

= Cq is the marginal cost of conviction. Details are in the

Appendix.

5 Results and Discussion

We observe that Cp and Cq are negative (Cp < 0, Cq < 0) and their respective second

derivatives with respect to p and q are positive (Cpq > 0),Cqp > 0). Then, the marginal

costs are decreasing.

If we assume that −r̄r̃g(r̃) = Rpis the marginal benefit of reputation, we obtain the

following equation

Cp

Rp

= −(1− q) < 0 (8)

An increase in the probability of arrest (logically leading to an increase in the cost of

arrest) thus reduces the level of reputation. This implies the existence of a deterrent effect of
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the probability of arrest on the criminal act if the motivation for the crime is non-monetary

benefit. Reciprocally, a decrease in reputation should therefore, for a given probability of

arrest, reduce the audacity of the offender to commit more crime. Clearly, the marginal

cost of arrest following an additional unit of arrest, even if the punishment is unlikely

(q = 0), acts negatively on the marginal non-monetary benefit. In other words, reputation

decreases with p. Arrest then becomes an instrument for changing the offender’s behavior

to commit the crime because of the deterrent effect it has on the level of reputation. For

q = 0, reasoning in terms of an elasticity measure, this being the case, the reputation

elasticity is -1 which means that the reputation decreases faster than the resources used

in the arrest are not as important as the outcome obtained in deterring the crime (if the

motivation for the act is non monetary). To optimally allocate the resources used by Law

enforcer, it is not necessary for q to be equal to 1 (q must be less than 1 q < 1 to save more

resources) because this requires even more resources in the enforcement of the punishment.

Same reasoning as before, by posing S(qS− h)f(qS) = Bq
2, we arrive at the equation :

− ((1− p)Rp +Bq) = Cq (9)

To make the value of Rp disappear from the equation (9), It is necessary for p to equal 1

p = 1. This is obvious because the arrest must be certain before applying the punishment.

A value of p = 0 is then inconceivable if we wish to lead to the application of the sanction.

Putting these two arguments together, we obtain −Bq = Cq.

An increase in the probability of punishment (logically leading to an increase in the cost

of punishment) leads to a decrease in the monetary benefit. This shows the presence of a

deterrent effect of the probability of punishment on the criminal act if the motivation for the

crime is both non-monetary and monetary benefit. Thus, a decrease in monetary benefit

should, for a given probability of punishment, reduce the courage of the offender to commit

more crime. In other words, the marginal cost of punishment by deploying an additional

unit of punishment that is conditional on a certain arrest (p = 1), acts negatively on the

marginal monetary benefit. As a result, the monetary benefit decreases with q. Punishment

2This interpretation is obvious because we already know that b = pS, which justifies S(qS − h)f(qS) =

S(b− h)f(b) as the marginal monetary benefit of committing a crime
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is interpreted here as an instrument to guide the behavior of the offender to commit less

crime because of the deterrence it has on the level of monetary benefit. In terms of the

elasticity measure (the elasticity of monetary benefit being -1) monetary benefit is highly

inelastic than the expenditure on punishment if a change of one more unit of punishment

is initiated.

As a reminder, from equations 6 and 7, we obtain the following system of equations:






−r̄(1− q)r̃g(r̃) = Cp

−[r̄(1− p)r̃g(r̃) + S(qS − h)f(qS)] = Cq

(10)

In our model, we will make sure that the reputation variable disappears after the com-

pletion of an arrest. If this were the case, we would still have to solve the social cost

problem (the damage) and eliminate the monetary benefit of the crime. To do this, we

proceed step by step as follow.

The equation −r(1− q)r̃g(r̃) = Cp, can be transformed into −rr̃g(r̃) = Cp

(1−q)
. Using the

value of −rr̃g(r̃), and bringing it into the equation −[r̄(1−p)r̃g(r̃)+S(qS−h)f(qS)] = Cq,

we get a single equation:

−
(1− p)

(1− q)
Cp − S(qS − h)f(qS) = Cq (11)

In order to clarify the relevance of the result which can be interpreted in two different ways

and to avoid any ambiguity, we will first discuss the substitutability between p and q and

then their complementarity.

5.1 If Arrest and Punishment are substitutes

The most persuasive reasoning in the literature is that of proving the substitutability

between severity and the probability of arrest and punishment because enforcement is

costly (Garoupa, 2001). Our way of analyzing differs from this reasoning. There is a

nuance that needs to be clarified. More precisely, the substitutability that we intend to

show is not that between severity and probability but rather that between the costs of

arrest and the costs of punishment. If these costs are substitutes, this leads us to assume

that the marginal costs are also substitutes. Moreover, if the two variables p and q which
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are determining factors of the costs, and for simplicity, we suggest that that these two

elements are also substitutes.

If p and q are substitutes, then p = q, which means that Cp = Cq, so we obtain that :

S(qS − h)f(qS) = 0, As a result, we find that S = h
q
. This is none other than the

same result already found in previous works (Garoupa, 2001). By way of interpretation,

the maximum penalty S corresponds to the harm divided by the probability of arrest or

punishment(Polinsky & Shavell, 2000). According to Polinsky and Shavell, any individual,

when apprehended, must pay a pecuniary penalty calculated from the harm divided by the

probability. We notice that S would be higher for a high level of probability. However,

the offender cannot pay the monetary penalty beyond his wealth, so the maximal fine (in

Becker’s sense) that he must pay should correspond to his level of wealth (Garoupa, 2001).

5.2 If Arrest and of Punishment are complementary

Contrary to the previous argument, we try to see what result we obtain if the arrest and

the punishment are complementary. In reality, these two variables are dependent.

If the expenditure allocated to law enforcement for capture is significant, it is reasonable

not to reach the maximum punishment so as not to waste resources. According to our

analysis and to a certain extent that we have already mentioned, the arrest may be sufficient

to deter the potential offender. For this purpose, it is important that q is not equal to 1.

However, in order to proceed to the application of the sanction, the arrest must have been

accomplished or even certain. This means that when p = 1 and q < 1, we get the following

result: −S(qS−h)f(qS) = Cq or (h− qS)f(qS) = Cq

S
, the optimal solution must be s = S.

Thereby, the optimal sanction is the maximal sanction, and some under-deterrence is also

optimal.

The explanation is that the optimal probability of punishment (after p = 1) should

satisfy the following condition, (h− q∗S)f(q∗S) = Cq

S
, q∗ is the interior solution such that

q∗S < h (Garoupa, 2001) Let us take the borderline case where the expected sanction is

equal to the harm h. There is a compensation of reduction of the probability of sanction

which is accompanied by a maximal sanction. However, according to the interior solution
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found above, and because of the high cost of enforcement, the expected sanction is lower

than the harm (Garoupa, 2001). This result corresponds to the partial reparation of the

harm in the sense of Becker. Therefore, the only optimal solution is the maximal sanction

for a given probability of sanction.

6 Conclusion

This paper focuses on proving that punishment cannot be applied without preceding de-

tection. To further investigate deterrence models in public law enforcement, this paper

develops an extension of these models. The scientific contributions of this research are:

• i) the release of the similarity hypothesis between the probability of arrest and the

probability of punishment,

• ii) the developed model takes into account none-monetary gain which could be one

of the motivational bills of the crime,

Beyond the monetary gain, the proposed model takes into account the non-monetary mo-

tivation that drives the offender to commit a crime. The reputation of the offenders evap-

orates if he is caught for a crime. In contrast to the substitutability between severity and

certainty in previous work, we suggest that apprehension and punishment are dependent

events. An increase in the probability of arrest (respectively the probability of punishment)

reduces the level of reputation (monetary benefit). This implies the existence of a deterrent

effect of the probability of arrest (probability of punishment) on crime if the motivation for

the crime is non-monetary benefit (monetary benefit). We shown that if the probability of

arrest is optimal, reputation disappear (r = 0).If apprehension, sanction costs are substi-

tutes and if p = q, the optimal punishment would be S = h
p
.This result is not contrary to

the theoretical results found in work previous as suggestion of Polinsky and Shavell, (2000).

If these variables are complements, even dependents, we shown that the maximal sanction

is the optimal sanction. This policy saves more resources to be spent in law enforcement

activity.
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A Appendix 1 : Optimal solution of Garoupa’s inital model

(2001)

Garoupa’s model is defined by:

max
(s,q)

W =

∫ b̄

qs

(b− h)dF (b)− C(q) (A.12)

s.t s ≤ S

We are looking for the solutions of ∂W
∂s

= 0, ∂W
∂q

= 0 We know that d[bF (b)]
db

= F (b) + bf(b),

because F
′

(b) = f(b)

Its equal to d[bF (b)] = [F (b)+bf(b)]db, with integrating that between qs to b̄, we can write

∫ b̄

qs

d[bF (b)] =

∫ b̄

qs

F (b)db+

∫ b̄

qs

bf(b)db (A.13)

However, F
′

(b) = f(b), because f is a density function.

F
′

(b) =
d[F (b)]

db
= f(b)

In our case,
∫ b̄

qs

d[bF (b)] = b̄F (b̄)− qsF (qs) (A.14)

By bringing equation A.14 to equation A.13

b̄F (b̄)− qsF (qs) =

∫ b̄

qs

F (b)db+

∫ b̄

qs

bf(b)db (A.15)

Garoupa (2001) model can be written

W =

∫ b̄

qs

bf(b)db−

∫ b̄

qs

hf(b)db− C(q) (A.16)

Or even,

W = b̄F (b̄)− qsF (qs)−

∫ b̄

qs

F (b)db− h[F b̄− F (qs)]− C(q) (A.17)

After arranging equation A.17

W = (b̄− h)F (b̄) + (h− qs)F (qs)−

∫ b̄

qs

F (b)db− C(q) (A.18)
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Let us do the derivative of the welfare with respect to q (i.e. derivative with respect to q

of equation A.18),∂W
∂q

= 0

sf(qs)(h− qs)− sF (qs)−
∂

∂q
(

∫ b̄

qs

F (b)db) = C
′

(q) (A.19)

To find the solution of ∂
∂q
(
∫ b̄

qs
F (b)db), we use the Leibniz rule,

∂

∂q
(

∫ k2(q)

k1(q)

F (b)db) = F (k2(q))
∂k2(q)

∂q
− F (k1(q))

∂k1(q)

∂q

with k1(q) = qs and k2(q) = b̄, so ∂k1
∂q

= s and ∂k2
∂q

= 0.

Consequently,

∂

∂q
(

∫ b̄

qs

F (b)db) = F (b̄).0− F (qs)s (A.20)

And the constraint would be saturated if s = S, then we obtain the following relation,

S(h− q̂S)f(q̂S)− S.F (q̂S)− [F (b̄).0− F (q̂S)S] = C
′

(q̂) (A.21)

After simplifying,

S(h− q̂S)f(q̂S) = C
′

(q̂) (A.22)

For ∂W
∂s

= 0, we can easily find the following equation, It is the search for the optimal

solution of the model which takes into account the distinction between the probability of

arrest and the probability of conviction, the reputation in addition to the monetary gain.

q(h− qŝ)f(qŝ)− qF (qŝ)−
∂

∂s
(

∫ b̄

qs

F (b)db) = 0 (A.23)

q(h− qŝ)f(qŝ) = 0 (A.24)

Finally, we obtain that h = qŜ this means that the expected sanction should be able

to compensate for the damage suffered.
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B Appendix 2 : Optimal solution of the extended model

The program for maximizing social welfare is written,

max
(p,q)

W =

∫ r̃

0

∫ b̄

qs

(r + b− h)dG(r)dF (b)− C(p, q) (A.25)

s.t r̃ = r̄(1− p)(1− q)

s ≤ S

To find the first derivative of W with respect to p, we will proceed in two steps, first we

search

∂

∂p

[

∫ r̄(1−p)(1−q)

0

rdG(r)

]

=
∂

∂p

[

r̄(1− p)(1− q)G(r̄(1− p)(1− q))− 0.G(0)−

∫ r̄(1−p)(1−q)

0

dG(r)

]

=
∂

∂p
[r̄(1− p)(1− q)G(r̄(1− p)(1− q))]−

∂

∂p

∫ r̄(1−p)(1−q)

0

∫

0

dG(r)

]

= −r̄(1− p)G(r̄(1− p)(1− q)) + r̄2(1− p)(1− q)2g(r̄(1− p)(1− q))

−
∂

∂p

[

∫ r̄(1−p)(1−q)

0

dG(r)

]

(A.26)

And then,

∂

∂p

[

∫ r̄(1−p)(1−q)

0

dG(r)

]

= G(r̄(1− p)(1− q))
∂

∂p
(r̄(1− p)(1− q))−G(0)

∂

∂p
(0) (A.27)

∂

∂p

[

∫ r̄(1−p)(1−q)

0

dG(r)

]

= −r̄(1− q)G(r̄(1− p)(1− q)) (A.28)

Bringing equation A.27 into equation A.28, so for ∂W
∂p

= 0,

− r̄(1− q)G(r̄(1− p)(1− q)) + r̄2(1− p)(1− q)2g(r̄(1− p)(1− q))

− (−r̄(1− q)G(r̄(1− p)(1− q)))− Cp = 0
(A.29)

After arranging,

− r̄(1− q)r̃g(r̃) = Cp (A.30)
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In the same way as before, we proceed step by step with the derivative of W with respect

to q (∂W
∂q

= 0)

After arranging,

∂

∂q

[

∫ r̄(1−p)(1−q)

0

rdG(r)

]

+
∂

∂q

[

∫ b̄

qs

(b− h)dF (b)− C(p, q)

]

= 0 (A.31)

It is easy to find that,

∂

∂q

[

∫ r̄(1−p)(1−q)

0

dG(r)

]

= −r̄(1− p)r̃g(r̃) (A.32)

∂

∂q

[

∫ b̄

qs

(b− h)dF (b)− C(p, q)

]

= S(qS − h)f(qS)− Cq (A.33)

So,∂W
∂q

= 0 gives

− [r̄(1− p)r̃g(r̃) + S(qS − h)f(qS)] = Cq (A.34)

As, b̃ = qS, we get the double relations







−r̄(1− q)r̃g(r̃) = Cp

−[r̄(1− p)r̃g(r̃) + S(qS − h)f(qS)] = Cq

(A.35)

Finally, we find that,

−
(1− p)

(1− q)
Cp − S(b̃− h)f(b̃) = Cq (A.36)

If p and q are substitutes, then p = q, which means that Cp = Cq, the equation A.36

becomes : S(b̃ − h)f(b̃)] = 0. This result is not inconsistent with the economic literature

on law enforcement Garoupa (2001)
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