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1. INTRODUCTION

Mostlegal systems presume innocence of criminal defendants. The accuser
the primary responsibility for producing evidence that supports his claim beyo
reasonable doubt, which implies a high relative likelihood of guilt to innocenc
Although presumption of innocence seems the common practice in criminal Iz
several countries have promulgated laws that shift the burden of proof to the
cused for specific types of crime. Examples abound in anti-corruption legisfatio
Thailand promulgated a decree in 1975 that stipulated that any unusually wea
state official would be presumed guilty of abusing his power and duties. Singapc
with the Prevention of Corruption Act of 1960, and Hong Kong, with its Indeper
dent Commission Against Corruption adopted by the Legislative Council in 197
have similar legislation. More than 30 members of the Organization of Americ
States signed a treaty including illicit enrichment provisions to combat transr
tional bribery in 1996. The view that shifting the burden of proof to the accus
will deter corruption is widely held among corruption expériBhe logic that
underlies this view will be the main subject of our analysis in this paper.

Various questions relating to the standard of proof in trials have been stud
in the literature. In the context of civil litigation, Sanchirico (1997) shows the
the high evidentiary standards of pro-defendant presumptions economize on
gation costs by filtering out less valuable cases. Shin (1994) provides an anal
of crimes with victims in which an arbitrator determines the standard of proof al
adjudicates on the basis of evidences submitted by the adversaries. Rubinfeld
Sappington (1987) and Andreoni (1991) view the court and jury system as c
that chooses an optimal standard of proof to minimize an objective function tl
includes the social costs of typeand typell errors in convicting or acquitting
a defendant. However, the literature ignores for the most part the fact that le
presumptions influence the incentives to commit crimes, in particular, the pt
sibility of collusion between law enforcers and criminals, and law enforceme
costs. Recently, Bernardo et al. (2000) and Boyer et al. (2000) analyzed the r
tionship between standards used in establishing guilt and criminal incentives
they ignore collusion possibilities. Bernardo et al. do not consider the incent
problems in the law enforcement systémhe present paper incorporates thes

2There are also examples of shifts in the opposite direction. In the United States, there have |
proposals before the Congress to shift the burden of proof in many tax cases from the defaul
tax-payers to the Internal Revenue Service (“FeaturéR®bverhaul bill,” USA TODAY, 07/09/98).

3See, for example, Klitgaard (1988, p. 95). Coldham (1995) is a survey and interpretation of a
corruption laws in Africa. He mentions several provisions under the Kenyan, Zimbabwean, Zambi
and Tanzanian Prevention of Corruption Acts that implicitly or explicitly shift the burden of proof t
the civil servant.

4Their model is applicable to civil litigation. Davis (1994) and Hay and Spier (1997) analyze burde
of proof in the case of civil litigation. For criminal cases, the extent of the prosecution’s burden of prc
is the subject of recurrent debates in law journals. Solan (1999) provides a recent view and assess
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elements and offers several new insights into whether a state, through its legisla
should set high or low standards of proof in apprehending and convicting poten
criminals®

Similarto Bernardo etal. and Boyer et al., we focus orethantecrime-decision
stage as opposed to the-postrial stage to analyze the role of legal presumption:
in crime prevention. We present a principal—-supervisor—-agent model in which
principal represents the government or legislator, the supervisor represents the
enforcement system, and the agent represents the potential offender. We con
two legal presumptions that attribute different burdens of evidence for product
and persuasion to the law enforcement system. We ask whether specific, espec
low, crime targets can be implemented under each presumption. Then we eval
and compare the corresponding implementation costs. The social implementa
cost objective function consists of the social cost of the crime net of the benefit of
offender, plus direct law enforcement costs for evidence production and collus
prevention, trial costs, and verdict error costs. To minimize this objective functi
under each presumption rule, the principal has to take into account the fact
the supervisor’s effort, which is needed to detect criminal behavior, is not direc
observable. Thus, an incentive-compatible law enforcement effort that impleme
the crime target must be induced. Moreover, collusion between the supervisor
the agent must be prevented. We also introduce upper bounds on rewards tha
be paid to the supervisor and on penalties that can be imposed on the crim
agent and evaluate the impact of these constraints on social costs under each
presumption.

Our analysis will highlight several important considerations in evaluating leg
presumptions. How the social costs of wrongful guilty verdicts compare with tho
of unpunished offenses is a prime consideration. The larger the cost and pre
bility of a wrongful guilty verdict, the larger the cost advantage of the relativel
pro-defendant legal presumption, which generates greater accuracy in adjuc
tion. However, as we show, this conclusion holds only for relatively low crim
targets. On the other hand, stringent evidence standards of strongly pro-defen
presumptions should feed back to individual incentives to commit cfiraed

5For clarification, we say that a legal presumption is more pro-defendant than another if it be
a heavier burden of proof, both for the production and persuasion, on the accuser by setting a hi
threshold relative likelihood of guilt to innocence for convictions. The concepts of legal presumpti
and burden of proof are neither identical nor unrelateé Dictionary of Modern Legal Usag&arner
(1995, p. 121) defines the burden of proof in two categories, the burden of production to mean “the ¢
of producing evidence. . to have a given issue considered in the case,” and the burden of persuas
to mean the burden of “convincing the fact-finder to view the facts in a way that favors” one’s clai
Legal presumption, on the other hand, is “a judicially applied prediction or legal probability.” Thus,
legal presumption is modified to favor further the defendant, the accuser’s task of producing evide
and persuading the fact-finder is relatively difficult so that his burden of proof is heavy. In this ca
we say that the burden of proof is shifted to the accuser.

6 That greater accuracy in adjudication has a deterrent effect is well known (Kaplow (1994, 19¢
Posner (1999)). However, the impact of legal presumptions on criminal deterrence is not so clear.
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thus make evidence production relatively costly. However, when the presun
tion of innocence is relaxed, both the guilty and the innocent are punished m
often. If the consequent increase in the probability of wrongful convictions re
ative to accurate convictions is large, accuracy of adjudication falls and so d
the opportunity cost of becoming a criminal. Furthermore, if this incentive effe
cannot be countered by modifying penalties accordingly, for example, if pen
ties are already set at the highest level permissible by law, constitutional or |
man rights considerations, it generates an increase in law enforcement costs.
third and equally important channel through which legal presumptions influen
criminal incentives is the possibility of collusidriThe prospect of a conviction
may prompt the potential felon to make a side payment to the law enforcer
an early stage prior to the criminal act so that committing a crime is a safe ¢
tion and otherwise at the post-detection stage, in which evidence is produc
to avoid punishment. A fourth consideration is the government’s ability or ir
ability to credibly promise sufficiently high rewards to motivate effectively lav
enforcers.

The paper is organized as follows. The next section presents the model
Section 3, we compare two legal presumptions by allowing for collusion and ¢
suming unbounded rewards. These assumptions are relaxed in Section 4. Sect
presents a summary and discussion of our results and concludes.

2. THE MODEL

We consider a three-layer hierarchy consisting of a principal, a supervisor, ¢
an agent, all of whom risk-neutral, and in which the supervisor’s and the ager
outside options are normalized to zero. The principal represents the governm
the supervisor represents the law enforcement system, i.e., the chain from pc
to prosecution or an auditor who may be either a government official or entire
independent, and the agent is the potential offender.

We consider the crime to be corruption. The agent is a civil servant or &
reaucrat and the potential crime is a violation of duty for private gain, such
fraud, spying for foreign secret services, or money laundering. The agent,
whom the principal delegates authority, can misuse authority for a private gain ¢

7Becker and Stigler (1974) is the first formal analysisegépostcollusion in law enforcement.

Collusion cannot be ignored, judging by the evidence from many regions of the world. In 19¢
21% of bribery occurred within the law enforcement sector in one Chinese city, according to Li a
Hung (1998). Klitgaard (1988, pp. 98-100) provides striking accounts of internal corruption in t
Hong Kong Police Department during the 1960’s and 1970's. Many recent instances of police ¢
ruption can be found on the internet. For an authentic account of the police’s involvement witl
group of criminals, namely, drug-dealers in the United States, see May 1998 General Accoun
Office, General Government Division (B-277817) report, “Law Enforcement: Information on Dru
Related Police Corruption.” In particular, see Appendix Ill: Examples of publicly disclosed investig
tions of drug-related police corruption in large cities between 1988 and 1998. These are availab
http://www.druglibrary.org/schaffer/govpubs/gao/gg98111.pdf. For an extensive discussion and a
ysis of a judicial corruption case in the seventh circuit, Cook County, see DiBiagio (1998).
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dollars, that is, choose to be corruf)tzé 1) or remain honesf)(z 0), with z being
common knowledge. We take the agent’s, possibly mixed, strdtegy[0, 1],
i.e., his likelihood of being corrupt, as a proxy for the level of corruption. Th
supervisor’s task is to monitor the agent, collect evidence, and, if any, submi
to the principal. The principal can observe neither the supervisor's monitori
effort nor the outcome of monitoring, nor whether the supervisor and the ag
collude® While the disputable issue under the supervisor’s investigation and 1
collected evidence, if any, are about occurrence of corruption, the implementat
objective of the principal concerns the unobservable, hence nonverifiable, leve
corruption.

The following evidentiary standards are assumed to be common knowled
The first type of evidence is high quality (tyf®; in that it provides very strong
support for the hypothesis that the agent is corrupt, i.e.ptkatl is realized. The
second type of evidence is considered as suggestive, low qualityl{teweence
of corruption? Type-h and typel evidence are potentially admissible in courts,
choice we leave to the principal. Evidence of quality lower than tygenever
admitted in court, hence, it cannot be used to penalize the agent. We consider
such evidence to be equivalent to no evidence. Below, we link lyaed typet
evidence to legal presumptions and the burden of proof.

The supervisor uses the following technology to generate evidence. Give
monitoring effortm, with probability 1— x.(m), the supervisor is not able to obtain
any evidence. Regardless of the agent’s action, the supervisor receives no u:
information. With probability(m), monitoring results in some evidence but the
likelihood of its quality, typeh or typet, will depend on the agent’s action. If the
agentis guilty, i.e.b = 1, the supervisor generates evidence of typeh, | with
probability pg, wherep + p =1.The correspondmg probabilities if the agent
is innocent, .e.b = 0 arepI and pl, with p + pl = 1.

We assume thap)h > pI so that high quality evidence is more likely when the
agentis guilty rather thaninnocent. We make two further sets of assumptions. F
to reduce notational burden, we assume fifat 0 so thatp! = 1 and O< pg <1,
which makes typdr evidence, if produced, proof of guilt or corruption. None
of our qualitative results depends on this normalization; all that is needed is
type-h evidence to be relatively more informatiteSecond, G< pg <1, so that

8 Three-layer hierarchies in economic models that allow for the possibility of side contracts w
introduced formally by Tirole (1986; 1992).

9 A type-h evidence could be having the agent on video handing over a roll of cash! Byidence
can be thought of as a consistent story of corruption, a noisy collection of facts that reasonably suf
the hypothesis that the agent is corrupt.

10The following conditional probabilities are easily verified. Prob (agent is giittyidence is
type-h) =1 and prob(agent is guilty evidence is typdz):bdg/(bp'g + (1 — b)) < 1. On the other
hand, prob(agent is innocehevidence is typéy) = 0 and prob(agent is innoceetidence is type-
N=©01- b)/(brﬂg +(1—b)) > 0. Therefore, typdrevidence is more informative than typevidence.
The only result that would be affected if we drop the normalization is Lemma 3.
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with evidence of low quality the possibility that the agent is guilty cannot b
ruled out.

Given the agent’s corruption stratefgyand the supervisor’s effon, if the su-
pervisor and the agent do not collude, the supervisor will producehlygpdence
with probability by (m) pg and typet evidence with probabilitypu(m)(1 — pg) +
(1 — b)u(m). The supervisor’s cost of exerting effart is c(m), which is twice
continuously differentiable, increasing and weakly convexninwith c(0) = 0
andc’(m) — 0 asm — 0. The success probability of monitoring; [0, m*™) —

[0, 1), is also twice continuously differentiable, increasing and strictly conca
in m, with ©(0) = 0, u/(M) — oo asm — 0, andu’(m) — 0 asm — m™.
These assumptions guarantee that the supervisor will exert a positive effort, gi
a positive reward for conviction, and that the equilibrium effort will be bounde
away fromm™ for any finite reward?

In criminal cases, the burden is on the prosecution or supervisor to produce
evidence that establishes his claim beyond reasonable doubt. When the prosec
produces the evidence, the burden shifts to the accused to persuade the tribune
the claim does not hold beyond reasonable doubt. The weight of the prosecuti
burden of proof, or the level of doubt considered to be reasonable, is determi
in our model by the principal. We consider two choices based on the classificat
of evidence.

A heavy burden of proof stipulates tight screening. The presumption is stron
pro-defendant so that the supervisor must have typgidence at hand because
courts will reject accusations based on typaridence. We refer to this case as
presumptioriZ, or, loosely, the presumed innocence rule. Under presumgtion
or the presumed guilt rule, the agent’s or the defendant’s burden of proof is re
tively heavy. When the supervisor submits typesidence, the agent is presumed
guilty so that guilt is established unless the agent disproves the accusation. Re
that, under presumptidh, type- evidence proves guilt by assumption; hence, i
cannot be contested. Under presumptiotyped evidence can be challenged and
disproved by the agent. We assume that an innocent agent has a better chan
creating enough doubt of guilt to induce acquittal, with probabhilitthan a guilty
agent, with probability 4; sowe letO< rg <r; < 1.

A trial that meets the standard of admissible evidence of presumptiof, G,
costsL!. The agent is tried, under presumptibywith probabilityby.(m) pg and,

11The supervisorsx-anteefforts in controlling corruption is what is known in the literature as
enforcement by monitoring (Mookherjee and Png, 1992). The method of enforcement, that is, whe
the supervisor's effort is interpreted as an examination of an individual's possible involvement in so
corrupt activity yet unobserved, or whether it is interpreted as an investigation to determine who mi
be involved in a known corruption scandal is immaterial for the analfgsisante, the supervisor does
not know whether the particular individual is corrupt, or what type of evidence he will be able to colle
if any. As Kaplow and Shavell (1994) show, investigation and examination may differ in costs and r
have differential effects on behavior if individuals are allowed to report their own criminal acts. We «
not pursue this line of analysis.
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under presumptioy, with probability .«(m).12 Thus, expected trial costs are
EL” = bu(m)pjL” and ELY = pu(m)LY.

Notice that, giverb andm, EL? < ELY if LY = LY because the parties are more
likely to end up in the courtroom under presumptibrExpected trial costs under
presumptionG would be even higher it? < LY, i.e., a trial would cost less
under presumptiod because the verdict would take less time and resources wh
screening is tight and the court admits only high quality evidence. In the analy:
we assume thdt? < LY. o

An incentive scheme under presumptipn= Z, G is denoted by(w}, wg
RJ, F). It consists of a pair of base wages), and w{, respectively, for the
agent and the supervisor, a rewaRdl for the supervisor upon conviction of
the agent’s guilt, and a penalfy! imposed on the agent for being found guilty.
The supervisor's reward®!, depends on the type of evidence used in establishir
guilt, soR! = R} or R/ for evidence of typé or | .12

Let ER' and EF! denote the principal’s expected reward payments and tl
expected penalty or fine costs of the agent, respectively. The peRaltyay
be monetary or non-monetary. We assume that the penalty is a fine and th
accures to the principal. On the other hand, nonmonetary penalties do not ap
directly in the principal’s objective function. This difference is inconsequenti
for the comparative analysis in this paper because the relevant component of
principal’s objective is the wage paid to the agent less the expected fine collect
which is zero for nonmonetary penalties. This component will always amount
the same value because of the agent’s participation constraint.

The expected social cost of verdict errors is den@¥tE . We haveCVEL =
nlCy andCVE = 7fC, + n¢C,,, whereC, andC,, denote the social cost of
unpunished offenses and wrongful convictions, respectivelygdnand ), are
the corresponding probabilities. Thus,

CVE’ = b[1 — pu(m) + u(m) pyrg]Cu + (L — b)u(m)pi (L — ri)C,

and

CVE" = b[1— p(m) + u(m)py]Cu.
Given the same law enforcement effort, a wrongful conviction is less likely und

12That the probability of a trial under presumptigndoes not depend on the agent’s action is an
artifact of our simplifying assumptions; it should not be interpreted literally. The basic idea is th:
under presumptiog, the standard of admissible evidence is weak so that the agent, whether guilty
innocent, faces a relatively large probability of being tried.

130ur results are not affected if we assume that the supervisor is rewarded for simply bringing
evidence, nor if we assume that the principal cannot distinguish between the two types of evidence
that the supervisor receives a single reward. The proof is available on request.
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the presumption of innocence and an unpunished offense is less likely under
presumption of guilt*

Let I" denote the social costs of the corruption under consideration, which m
consists of the loss of public confidence in bureaucracy, lost opportunities ¢
economic distortions. Also, let

LEC! = w) + wh+ ER — EF )

denote law enforcement costs that exclude trial costs. Then, the overall social c
of implementing any can be written as

TC = g(LEC! 4+ EL)) + CVE + b, @)

whereg(:) represents the social costs of public funds, which measures pot
tially distortionary taxation and other social opportunity costs of financing la
enforcement and litigation. Note that, if a presumption rule has a cost advant
in implementing a target corruption level for the linear specificatipr) = x, it
continues to have a cost advantage under any weakly cgxg*® Therefore, we
choose the linear frong(LEC! + ELl) = LEC! + ELI.

The agent’s expected bendjit from corruption will appear as a negative item
intheLEC! component of Eq. (2), once the agent's participation constraint is tak
into account. Thus, it is not included separately to avoid double counting. For &
given corruption targdt, the cosbr is fixed and may be ignored, as we do below
in the cost minimization exercise.

For any given corruption targét under each presumption rujethe principal
would like to minimize

TC = LEC! + EL! + CVE, (3)

subject to the moral hazard constraint in law enforcement, participation constral
and collusion-proofness constraints. These constraints are formulated below.
The sequence of events in the model is as follows. Given a corruptionlathget
principal determines the legal presumpti@rgr G, and a corresponding incentive
scheme. If the supervisor and the agent both accept the incentives scheme
game proceeds to thex-antecollusion stage in which the agent may offer a
side payment to the supervisor to avoid being monitored. If the supervisor is |
collusive or they do not collude, the two parties play a monitoring-corruptic
game in which the supervisor determines his efforand the agent determines
simultaneously his corruption strategyOnce the equilibrium strategies are playec
and the outcome,"b) is observed, another occasion for collusion ar&sepost,

14Under our assumptions,Z = 0,79 > 0; hencegd > nZ andn} > 7¢ > 0.

15Weak convexity ofg(-) would account for nondecreasing marginal social opportunity cost c
funds.
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when the supervision generates evidence of typetypeh. If the supervisor is
collusive, the agent may make a side payment to the supervisor in return for
destruction of the evidence. In the final stage, the supervisor submits his evide
to the principal, the agent may or may not be tried and, if tried, be convicted
acquitted. In this stage, the principal applies the incentive scheme to determine
payoffs for all parties. A

Given an incentive scheme, Iké;’ be theex-anteexpected utility of = A, S
under presumption = Z, G.

The agent’s expected utility and participation constraint can be writtén as

UL =wh +bz—EF(b, m) > 0, “)
where,

EF’ (b, m) = bpju(m)F*, and
EFY(b, m) = [b(p§ + (1 — p§)(L —rg)) + (1 — b)(L — ;) Ju(m)F Y.

The supervisor’s expected utility and participation constraint is
Ul = wl+ER (b, m) — ¢(m) > 0, (5)
where,

ER'(b. m) = bpfu(m)R?, and
ER? (b, m) = b[ pjRY + (1 — p§) (1 — rg)RYJu(m) + (1 — b)(L — ri)u(m)RY.

Initially, ignore collusion possibilities or suppose that the supervisor is not cc
lusive. In the monitoring-corruption game, the agent and the supervisor deterrr
noncooperatively the strategibs= [0, 1] andm > 0. Thus, to implement a cor-
ruption targeb € (0, 1), the incentive scheme must ensure not only that the Na
equilibrium strategy of the agent s but also that the effort leveh constitutes
the supervisor's best reply to the agent’s stratedy

16\We make the simplifying assumption tHat is borne by the principal, which is mostly innocuous
because any trial cost borne by the agent will ultimately be incurred by the principal due to the bind
participation constraint of the agent. The same reasoning holds for the supervisor.

17Note that we have ignored two extremés= 0 andb = 1. No principal should care about
implementingb = 1. On the other handy = 0 cannot be Nash implemented under presumgfion
The supervisor's best reply to= 0 is m= 0 but b= 0 is not a best reply tm = 0 because typé-
evidence cannot be produced. Under presumpdipimplementingb = 0 is, in principle, possible.
However, if the agent is induced to chodse: 0 in equilibrium, itis common knowledge that the agent
is honest. Therefore, any accusing report, which must contain onlyl tgpelence, must be false and
there is no reason to punish the agent.
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The first equilibrium condition is that the penalfy/ establish the agent’s in-
difference betweeb = 1 andb = 0, given monitoring effortm. Using (4) and
depending on the presumptign= Z or G, the indifference condition is expressed
as

__ 2 G _ z . (6
o T T A A=) A rfum) O

The second equilibrium condition is that the supervisor be induced to exert:
effort m, to which the agent’s stratedyis a best reply. Using (5), we obtain the
first-order condition

mhpZ c'(m)
bpgR - //«/(m)’ (72)
under presumptioff, and
BIRYRY + (1~ P~ )R]+ =B~ )R = S8, (79)

under presumptiog. It is easy to check that, givéme (0, 1), a higher monitoring
effort can be induced by increasing the rewardg$)through (73 or (7G) and
decreasing the penalfy! through (6) at the same time. Thus, if collusion is no
an issue and rewards and penalties are not bounded from above, the principa
induce any effort level by using the two instrumerfs,and R} .

When the supervisor is collusive, we assume that the supervisor and the a
collude whenever the corresponding expected surplus is strictly po$iienote
by UiJ the gross expected utility af= A, Sfrom ex-antecollusion. The surplus
from ex-antecollusion is negative if

ul-0L>01 —ul.

Under ex-antecollusion, the supervisor exerts no effort so that the agent wi
optimize by setting) = 1 and obtain the payoffi} = z+ wh. The supervisor's
expected utility is given by (5), if the parties do not collude, andidy= w, if
they collude. Therefore, thex-antecollusion-proofness constraint is

ER(b,m)—c(m) > wh+z-U), j=T7.G. (8)

180ne way of introducing the costs of enforcing collusive agreements would be to assume, a
Tirole (1992), that each dollar of side payment from the agentis wotth @ 1 dollars to the supervisor.
All our qualitative results will hold under this or any alternative formulations that also include fixe
costs of collusion. We prefer the simpler exposition.
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Hence, the supervisor’s net expected surplus from monitoring must be at le
equal toz + wh — U4, which is the maximum side payment that the agent i
willing to pay in order to avoid being monitored.
Theex-postecollusion-proofness constraint is relatively straightforward. To er
sure that the supervisor reports the evidence produced htypeypel, the cor-
responding reward should not fall below the agent’s expected pefalty:

RI > FI, Rﬁ > Fg’ ng > (1_ rg) . FQ'ZO (9)

3. COMPARING SOCIAL COSTS OF PRESUMPTION RULES

Consider the principal’s problem of determining the presumption rule that lowe
corruption to any target levdd € (0, 1) at minimum social cost. Solving this
problem involves first determining an optimal monitoring effortunder each
presumption rule through an incentive mechanism and then comparing ove
social costs in Eq. (3) to obtain the minimum.

As afirst step, we consider the sub-problem of minimizing only law enforceme
costs,LEC!, under the same set of constraints. This exercise will highlight tt
impact of collusion possibilities and provide a useful benchmark for later analys

LEMMA 1. Suppose that the rewards paid for successful evidence producti
and the penalties imposed on the convicted are not bounded above and thai
supervisor may collude with the agent. If the objective is to minimize law e
forcement costs onlyany corruption targeb € (0, 1) can be implemented under
either legal presumptiorut minimized law enforcement costs will be lower unde
presumptiorf.

Law enforcement costs for each presumption will be minimized by inducin
unique minimal enforcement effort}, that is necessary and sufficient to satisfy
the ex-antecollusion-proofness constraintvith m? < m¢ and hence n?) <
c(mg).

The minimized law enforcement costs atlEC’ = c(m}) — bz, for j = Z,G.

The proofis in the Appendix. The incentive scheme that solves the sub-probl
of minimizing law enforcement costs makes the participation constraints (4) &
(5) of the agent and the supervisor binding, so that— EF! (b, m) = —bz, and
sz+ ERI (b, m) = ¢(m). These expressions lead to the minimized cost expressi

19\We obtained the same qualitative results under the assumpticextipascollusion is impossible
to sustain when the supervisor has only tymeidence, possibly because the low quality evidence cal
be reproduced even after it is destroyed.

20The guilty agent’s expected penalty i if the supervisor has type-evidence and (+- rg).
FY if he has typd-evidence. The innocent agent's expected penalty when the supervisor has ty
evidence is lower because he can disprove more easilyl tgpiglence, with probability; > rg.
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in Lemma 1, which consists of the supervisor's monitoring az(st}), minus the
expected social benefit of the crinie,

Lemma 1 shows that collusion prevention costs are higher under presuigptiol
The surplus fronex-antecollusion is larger because the agent is willing to mak
a larger side payment in order to avoid being monitored, and convicted witk
higher probability, under presumptigh To have the supervisor reject such a side
payment, the principal increases the expected reward payments to induce a hi
monitoring effortm¢ > mZ and higher costs(m¢) > c¢(mZ). Thus, the need to
prevent collusion indirectly increases the resources that the principal should dey
to evidence production relatively more under presumpfiéh

Lemma 1 has aninteresting implication. If rewards and penalties are not boun
above and if we ignore the social costs of verdict errors and assume potentially
lusive law enforcers, we should adopt pro-defendant legal presumptions regard
of the target level of corruptioft.

The addition of verdict error costs and trial costs affects the choice betwe
the two presumption rules in a subtle and interesting manner. Expected trial c
should be higher under presumpti@rior any induced monitoring effort because
the probability of a trial is relatively high arld” < LY. The effect of verdict error
costs, on the other hand, is less clear-cut. Presumption of guilt involves relativ
more typel errors, i.e., punishing the innocent, and fewer typeerrors, i.e.,
acquitting the guilty. IfC,, is much larger tharC,, i.e., if society emphasizes
minimizing typel errors at the expense of increased typberrors, presumption
of innocence dominates presumption of guilt.

Recall that expected verdict error costs are

CVE? = b[1 — p(m) + w(m)pyrg]Cu + (1 — b)u(m)p!(1 - r{)C,, and
CVE" = b[1— u(m) + (M) p}]Cy.

Using these and the expressions for expected trial costs, we have

CVEY (m) + ELY(m) < CVEL(m) + ELT(m),

2lIncreases in the costs of producing evidence due indirectly to the sole purpose of elimina
collusion possibilities are called collusion prevention costs. In the absence of upper bounds on pe
ties and if collusion can be ruled out, evidence production costs could be made arbitrarily small
imposing arbitrarily large penalties. If collusion cannot be ruled out, collusion-proofness constrai
alone determine monitoring effort and costs, hence we name thegeriicollusion prevention costs.

22t can be shown that adding trial costs would not change this conclusion because trial costs
increasing in induced monitoring effort and the principal motivated by minimizing law enforceme
costs plus expected trial costs would still induce the minimal effort implied by collusion-proofness a
yield lower overall costs under the presumption of innocence. However, adding verdict error cost
the objective function may change this conclusion as we show below.
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if and only if

- pi(L—r)Cy+ LY
>
py(1—rg)Cu+ p{(1 —r1i)Cy + PJLZ

by. (10)

Assume that Y is not too high so thab; is well-defined and less than one.

Using the agent's and the supervisor's participation constraints satisfied w
equality, we can writd. ECI (m) = c(m) — bz Thus, the social cost expression
(3) becomes

TCl(m) = ¢(m) — bz+ CVE (m) + ELI (m). (11)

The following lemma follows directly from (11).

LEMMA 2. Ignore the collusion possibilities. If any identical monitoring effort
m is induced under the two presumption rulpsesumption of guilt will involve
strictly lower social costs if and only if > b;.

Now letmi® minimize the social cost expression (11) under presumption ru
j- Thatis,

ﬂ b [C _LI] and
W (mEX) = PylCu

c(moX B

%_ ( pg g)Cu— (1 —b)(L—-r)pC, — LY,

holding with equality ifm!* > 0.2¢ One can check that’* > m9? if and only
if b < bs.

We assumeC, > LZ, i.e., that the cost of a trial is less than the social cos
of letting an offense go unpunished, which implies tit* > 0. However, the
right-hand side of the second condition may be negative, which would img
thatm9?* = 0. This leads to the following Lemma on implementation possibilitie
under the presumption of guilt.

270 implemenﬂ; at minimum social costs, these participation constraints must hold with equalit
See the discussion following Lemma 1 or its proof.
24By adopting the simple linear form for the functigg) in Eq. (2) instead of its general implicit
form, we do not alter any of the results qualitatively. Analysis in terms of the implicit fgrn, will
lead to similar conditions determining the solutiaon$* . Equation (11) would be revised to read
TC(m) = g(c(m) — b2) + CVE (m) + ELi(m). Sinceg”(-) > 0 and—bzis constant, the first- and
second-order properties ofm) — bzandg(m) are qualitatively the same.
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LEMMA 3. There exists a critical corruption target

(1_ri)pilcw + Lg

139
(1 - plgrg)cu +@- ri)pilc

(12)

such that any corruption targeﬁ can be implemented under the presumed gui
rule if and only ifb > g9.

We provide a sketch of the proof. It is easy to verify that 9 <b;. The
critical 89 sets the right-hand side of the inequality definimg* equal to zero,
which implies a positiven9¥ if b > 89 andm9* =0if b < 9. For low corruption
targets, i.e.b < 89, the marginal social cost of effort exceeds the marginal soci
benefit at any positive effort level. Hence, the likelihood of an offense is lo
and a conviction based on the low-quality evidence is rather likely to be wror
which is socially costly. Adding the cost of a trial, the principal would not find i
beneficial to induce any monitoring effort. If no monitoring effort is induced, th
agent’s best response would be to switclte 1 and the target corruption level
b < 89 would not be implemented. To implement such low levels of corruptior
the principal has no choice but to switch to presumption of innoc&rlceamma 3
concerns implementation possibilities only without a consideration of the collusi
constraints.

The cost-minimizing effort levelm?® andm??* are both unique and positive
for b > B9 because the objective function (3) is strictly convexrinWe are now
ready to present the first set of results. For these results, we do not impose
upper-bound constraints on rewards or penalties.

ProPOSITIONL. If the supervisor is not collusiveo that the collusion-proof-
ness constraints do not apply or binall corruption targetsh < b; can be imple-
mented at smaller overall social costs under the presumed innocence rule. -
opposite ranking obtains fds > by. For b = by, the two presumption rules will
involve the same social costs.

Proof. Considetb > b;. By Lemma 2,;TCY(m?*¥) < TCZ(mZ*). On the other
hand,b > b; impliesm?* < m9%?*, both of which are strictly positive-valued be-
causem?? > 0. Sincem9? is the optimal effort under the presume guilt rule,
TCY(M9%) < TCY(M?¥). Thus, TCY(M9?) < TCH(mZY).

Similar arguments apply in the remaining cases,b; andb = b;. Q.E.D.

25 A similar lower boundsZ on implementable corruption targets would arise under presumptio
of innocence if we drop the normalization assumption that high quality evidence used in establist
guilt is noiseless. However, since high-quality evidence is less noisy than low quality evidence,
probability of punishing the innocent would be smaller under presumption of innocence, which wot
imply 87 < 9. Therange ofimplementable targets would still be larger under the presumedinnoce
rule, or, there would be a range of low corruption targets that can be implemented only by presun
innocence.
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The result that the overall social costs of implementing high corruption te
gets are smaller under guilt presumption is quite intuitive. As the probability
an offense goes to one, the probability of a wrongful conviction vanishes unc
presumption of guilt; however, under presumption of innocence, the probabil
of an unpunished offense tends to increase. Then, overall social costs of velr
errors tilts the balance in favor of the presumed guilt rule. Note that, by Lemma
presumption of innocence is the only alternativelfer 89. Forb e (89, by), both
rules can be used but presumption of innocence has the cost advantage.

Proposition 1 ignores the possibility of collusion. In the next proposition w
show that introducing collusion possibilities generates a bias in favor of presun
tion of innocence.

PropPosITION2. If the supervisor is collusiveall corruption targetsb < b,
can be implemented at smaller overall social costs under the presumed innoce
rule. Forb > by, presumption of guilt generates lower social costs fm> m¢,
that is, if the collusion constraints are not binding. Howevérm9* <m¢, no
clear-cut ranking of the two presumption rules can be offered.

Proof. By Lemma 1, we know that a minimal efforh} must be induced
to preventex-antecollusion under presumption rule Moreover,mZ < m¢. By
Lemma 3,b € (0, 8] cannot be implemented by the presumed guilt rule eve
without imposing theex-antecollusion-proofness constraint. To see whether th
presumed innocence rule canimplement these targets, we must conseleatite

collusion-proofness constraint.

Considemb € (0, b]. If m*¥ > mZ, theex-antecollusion-proofness constraint
is not binding under presumption of innocence and Proposition 1 would apply,
that the presumed innocence rule would be optimal. On the other han#¥ik
mZ, theex-antecollusion-proofness constraint is binding under presumption of ir
nocence so that the principal would indung, which is feasible® In this case, we
must also haven’* <m¢ becausen* <m?* andm? <m¢. Thus, theex-ante
collusion-proofness constraint is binding also under presumption of guilt so that
principal mustinduce efforhg forb € (89, by]. We already know that € (0, 89]
is not implementable. Fdv € (89, by], TCZ(MZ) < TCZ(mY) < TCY(mY). The
first inequality follows from the fact thalC%(m) is increasing irm the further
away we get from unconstrained optimal effart?*, while the last inequality
follows from the assumption that< b;.

Consideb > by. For any induced effort, implementing any sdu:lby presuming
guilt generates lower social costs if tag-antecollusion-proofness constraint is
not binding, which is the case presented in Proposition 1. This case will obtait
m9?* > m¢. Supposen?? <m¢ so that the principal must induce the constraine(
effort solution,m¢, to prevemex -antecollusion. Note that, because? <m, it
is possible to havmf < m™* while m¢* < m¢. The principal may still be able to

26\We emphasize feasibility because, under the presumed guilt rule, no positive effort level is feas
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induce the unconstrained effort solution?®, under presumption of innocence,
which may yield a lower total social cost than does the constrained effort soluti
under presumption of guilt. Thus, no clear-cut ranking obtains and the compari
between the two presumption rules depends on whether the optimal effort le\
can be induced, or, if not, how far the induced feasible effort lies from the optim:
unconstrained level under each presumption rule, on the specification of the ef
cost functionc(-), on the monitoring technology(-), and on other parametets.
Q.E.D.

Introducing the possibility of collusion can only make the case for presum
tion of innocence stronger and possibly induce the principal to implement ey
relatively high corruption targets, i.da> b,, through presumption of innocence.
This is likely to be the case if the collusion constraint is binding, so that collusi
prevention costs are positive under presumption of guilt but not under presumpt
of innocence. We highlight below the factors affectimgthat play a crucial role
in determining the choice of the presumption rule. Proposition 3 follows direct
from the definition otb; given in (10).

PropPosITION3. The critical value forb; is larger and presumption of inno-
cence becomes the better choice for a wider range of corruption tatetkarger
is the social cost and the probability of a wrongful convictitime smaller is the
social cost and the probability of an unpunished offerasel the larger is the cost
of a trial under presumption of guilt relative to presumption of innocence.

The factors mentioned above also affect the lower implementable be%nd
under presumption of guilt, defined, in Lemma 3, in the same way that they aff
b:. Thus, an increase in the accuracy in adjudication implies that relatively hi
corruption targets are implemented at lower social cost by presuming innoce
and, at the same time, the low range £8) of corruption targets that cannot be
implemented by presuming guilt is enlarged.

4. LEGAL PRESUMPTIONS UNDER BOUNDED REWARDS
AND PENALTIES

In this section, we first introduce a constraint on available resources to motiv
law enforcers, maintaining the assumption that they may collude with the bure
crats, and then we consider the impact of upper bounds on penalties. We show
in each of these cases, presumption of guilt may become the preferred alterna

The rewards to motivate law enforcers in gathering tipgssdence can become
arbitrarily large, especially as the target level of corruption approaches zero (see
expression oR” in the proof of Lemma 1). If the government’s law enforcemen
budgetis limited, it will not be credible to promise such large rewardsRled the

2"Note that we do not solve fully for the optimal incentive mechanisms. We only determir
the incentives, i.e., the wages, rewards, and penalties, necessary for the comparative analy:
Proposition 2.



738 BAC AND BAG

maximum reward that the principal can afford. With this upper bound on rewar
the principal may not be able to induce the minimal collusion-proof effoft,
Thus, full corruption will occur. We show that the relevance of this undesirab
effect depends on the presumption rule.

ProOPOSITIONA.  Suppose that the supervisor may collude with the agent. The
exist lower bound®R¢ and RI(b) on the maximal rewar®R such that any cor-
ruption targetb € (B9, 1) can be implemented through presumpti@nf and
only if R> RY, and any corruption targeb (0, 1) can be implemented through
presumptior if and only if R> RZ(b). R%(b) is decreasing irb and becomes
arbitrarily large as b goes to 0. Thusgiven any finiteR > RY, there exists a
critical bz(R) > 0 such that,if 89 < bz(R), the rangeb e (89, bz(R)) can be
implemented only through presumpti@nwhile the rangg0, 9], is not imple-
mentable under either presumption rule.

The proof of Proposition 4 is in the Appendix.

Adopting a pro-prosecution presumptiay) (s the only way to implement cor-
ruption targetd € (89, bz(R)), if bz(R) exceeds8?, provided that the maximal
reward is bounded above but exceds The critical boundR” (b) andRY are
derived from the equilibrium conditions (Jand (7g. The intuition is as follows.
At these bounds, the rewards are just enough to induce the minimalreffonat
preventsex-antecollusion. The supervisor's expected rewardR!, depend pro-
portionately on both the corruption targetto be implemented and the reward(s),
RJ. Whenb is low, relatively high rewards should be promised under presumptic
7 to induce the minimal collusion-proof monitoring effort. This result follows
because the probability of producing high quality evidence and being rewarde
relatively low under presumptidh. On the other hand, relatively modest reward:
induce the appropriate effort given the higher probability of generating at le:
typed evidence, which is admissible in court under presumpfiohherefore, the
reward constraint will provide a stronger incentive with a heavy burden of pro
on the supervisor under presumptidnThis result provides a possible explana-
tion for the choice of several countries that lack the proper resources or have
enforcement agencies that are inept in generating high quality evidence to che
legal presumptions and shift the burden of proof to the accused in their fight aga
corruption. In several developing countries in which human rights are weak,
cost of awrongful conviction may not be deemed as high as in developed countr
This would imply a low value foBY in our model and generate a stronger cas
for the assumption in Proposition 4 théf < bz(R). In that case, presumption of
guilt would be preferred in reducing corruption to levels in the ramje bz (R))
if rewards are bounded.

To focus on how the choice of the legal presumption is affected when there |
maximum penaltyF that can be imposed on the agent, we assume no possibil
of collusion. The impact of introducing collusion, as shown in Lemma 1, is 1
impose a constraint on the minimal effort that must be inducenh asn). Since
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the introduction of an upper bound on penalties will also impose a lower bou
on effort levels, neglecting the possibility of collusion will keep the expositiol
simple.

Effort levelsm?* andmY< are defined as the optimal effort levels to be induce
when collusion is impossible or not binding, assuming that there are no limits
the penalties that can be imposed on the convicted agent. If the penalty const
binds, the principal has no choice but to impose the maximal pefaltyhich
induces minimal effort levelsn? andm?, that are determined uniquely through
the agent’s equilibrium indifference conditions. Hence, we have

Z = pju(m?), and (13)
Z o[+ (- A1)~ A - r)]u(re) (14)

Clearly,m¢ < m? if and only if:
(1-ph)d—rg)>1—ri. (15)

Intuitively, if switching from the presumed innocence to the presumed guilt ru
leads to an increase in the probability of avoiding an unpunished offense, i
avoiding a typdl error, that exceeds the increase in the probability of a wrongf
conviction, i.e., committing a typé error, the incentives to remain innocent are
strengthened. As a result, the same corruption tdrgan be implemented under
presumptiong through less intensive monitoring. Thus, the impact of introduc
ing a penalty constraint is similar to the effect of introducing the possibility
collusion. Induced effort levels cannot fall below a lewdl, which is specific to
the legal presumption rulg If (15) holds (fails), introducing a penalty constraint
favors presumption of guilt (innocence). Obviously, if the penalty constraint
not binding, the principal induces the unconstrained optimal effdrf under
presumption;.

PrROPOSITIONS. Suppose that the supervisor is noncollusive and that the s
pervisor’s reward is not bounded above. Assume tha}holds. Thenall b > by
can be implemented at lower social costs under the presumed guilt rule. |
b e (B©, by), the targets are implemented at lower social cost by presumir
innocenceif the penalty constraint is not bindinge., if m?* > mZ. No clear-cut
ranking of the presumption rules can be offered f'fm< mZ.

The proof is omitted as it follows the same arguments already made in the pr
of Proposition 28 Forb > by, if the penalty constraint is not binding under pre-
sumption of guilt, Proposition 1 applies and the principal adopts the presurr

28The difference is superficial. Instead of having a minimal effort constraint imposed by collusic
proofness, we have a minimal effort constraint imposed by maximal penalties.
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guilt rule by inducing efforim9<~ . Condition (15), combined with > by imply-
ing thatm9* > mZ¥, guarantees that, if the penalty constraint is binding unde
presumption of guilt, it must also be binding under presumption of innocence. |
b < by, we cannot provide a clear ranking of the presumption rules unless we kn
that the penalty constraint is not binding under presumption of innocence. Th
especially for corruption targets slightly lower thia) if the penalty constraint is
binding under presumption of innocence, presumption of guilt may generate lo
social costs under (15). An intuitive condition in terms of the probabilities of tyf
| and typell errors was given above.

The importance of the impact of introducing a penalty constraint can be se
from (14). The smaller is the maximal penalythat can be imposed relative
to the private benefit accruing to the offender, the more likely is the case the
the principal’s effort choice will be constrained. Furthermore, the larger is t
difference between the left and the right-hand sides of (15), the smalie¥ is
relative tom?; hence, the stronger is the case for presumption of guilt.

5. CONCLUSION

The standard approach to determining legal presumptions or the optimal s
dard of proof in trials uses a framework in which a fact-finder, who is adjudicatir
a possible crime committed already, minimizes verdict error costs. This paper
dresses the problem from a different perspective. We focus cexthatestage of
corruption prevention and investigate which legal presumption implements a tat
level of corruption at lower overall social costs. The social costs are broadly defir
to include law enforcement costs, trial costs, verdict error costs, and any other
direct losses inflicted on the society. The popular justification for presumption
innocence is that societies attribute a large cost to wrongful convictions relative
unpunished offenses. We show that favoring presumption of innocence can f
much larger benefits than just the minimization of verdict error costs, although
also identify limitations of this rule.

Cast in terms of corruption, our analysis applies to any other type of crin
with minor qualifications. The main conclusion is that the socially optimal lea
presumption rule depends on the targeted crime level. Specifically, for any gi\
crime, a general rule emerges that it is socially less costly to implement hi
crime levels by presuming guilt and to implement low crime levels by presumit
innocence. In our single agent model, a high crime level means the agent comm
specific crime with a probability exceeding some threshold level. Equivalently,
model can be considered to have a continuum of agents in which a high crime Ie
implies that a large fraction of the agent population commits the crime. The ex
value of the threshold probability or the population fraction committing the crirr
that separates high and low levels of crime depends on several variables, namel:
probability and the cost of wrongful convictions and unpunished offenses, whet
collusion between law enforcers and potential criminals is possible, the relat
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costs of trials, whether rewards for successful law enforcers and penalties on
convicted are bounded from above, and the precision of the evidence admitte
trials to establish guilt under the two legal presumptions.

For corruption, generating high-quality, indisputable evidence of guilt may |
very difficult. Relying on such evidence to establish guilt under presumption
innocence would imply a very high probability of unpunished offense. At th
same time, it would imply that the probability of a wrongful conviction base:
on lower quality evidence admissible to court under presumption of guilt is re
sonably small. Under these conditions, presumption of guilt becomes the be
alternative to implement even intermediate levels of corruption targets. This is
main explanation that our analysis offers for why the less developed countries
which corruption is relatively high have resorted to presumption of guilt mol
than have the western developed countries in which corruption is relatively Ic
If the social cost of a wrongful conviction is deemed much smaller in these col
tries than in western countries, presumption of guilt gains further support. T
analysis also provides a plausible explanation for the concerted efforts of sev
countries to revise and harmonize their legal systems to adopt pro-prosecutior
gal presumptions in fighting international bribery which is widespread, accordi
to many observers, but was not even recognized as a criminal act until rece
(Rose-Ackerman, 1999). Finally, in jurisdictions in which resources to motiva
law enforcers are bounded, we show that presumption of guilt may become
only alternative for implementing some intermediate range of corruption targe
A range of very low corruption levels can not be implemented under the presun
guilty rule because the net social marginal benefit of inducing enforcement eff
becomes negative due to unacceptably high probability of wrongful convictior
Then, presumption of innocence becomes the only alternative.

We show that the impact of an upper bound on admissible penaltiesis tointrod
aminimal enforcement effort that should be induced. This effort level depends o
simple balance between the likelihood of tylpand typell errors in adjudication.

If shifting the burden of proof to criminal defendants increases the probability
avoiding a typell error by more than it increases the probability of committing
a typel error, accuracy in adjudication increases. Hence, a stronger deterre
obtains so that the same crime level can be implemented through a smaller mini
enforcement effort under presumption of guilt. This will be the case if the innoce
are more likely than the guilty to disprove an accusation based on the relatively |
quality evidence that is admissible under the presumption of guilt. This conditi
is likely to hold for the crime of corruption. If, in addition, there is an uppe!
bound on penalties, the optimal enforcement effort is more likely to be constrair
under presumption of innocence. Then, presumption of innocence may lose
cost advantage over presumption of guilt. This could provide a rationale for t
international efforts of the OECD and the Organization of American States
fight corruption by shifting the burden of proof to public officials holding assets i
significant excess of their lawful earnings. If innocent officials can disprove su
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accusations easily while guilty officials cannot, shifting the burden of proof to tt
officials can generate cost savings for implementing any given level of corruptic

APPENDIX

Proof of Lemma 1. The principal’s problem is to chooge i, wg, R!, F) to
minimize (1) subject to (4), (5), (6), (Jbr (7G) respectively, (8) and (9).

First we check to see if the incentive scheme that minimizes law enforcem
costs binds the agent’s participation constraint (4). Fix lany (0, 1). Use the
equilibrium condition (6) to rewrite (4) as

UX=wxi UZ=wl-@-r)umF’.

If U,L > 0 contrary to our clalrn,uA > 0. ThenwA can be lowered to reduce law en-
forcement costs but still satisfy (4). Thus; = 0 and, by (6)wA—(1 ri )z/[pg
(1-p§)L—rg) — (1 —ri)] > O,

Similarly, the supervisor's participation constraint is also binding. Since tt
supervisor can always choose zero effort, net expected rewards from monitor
i.e., ER'(b, m) — c(m), are always nonnegative and, as we show below, will b
strictly positive. By settlngpS = ¢(m) — ER/ (b, m) < 0,2 the principal extracts
fully the supervisor’s rent. ThuapS is determined once the effort level to be
induced by the principal is solved in the latter part of this proof.

Givenb € (0, 1), the supervisor chooses an effaont,, to maximizeps(m, b)

ER (b, m) — c¢(m). Condition (77, or (6G) respectively, implies than* > 0 for
R? > 0 or (RY, R?) > 0, respectively. The maximized net rewards equal

c'(m*)
w'(m*)

w(m*) —c(m*) > 0.%°

For now, ignore the collusion-proofness constraints (8) and (9). Since the inc
tive scheme must bind the agent’s participation constr@i}g{—, EF/(b,m) = —bz

Along with ij derived above, substituting this equation into (1) yields
LECI (b, m) = c(m) — bz (A1)

This expression is increasingnm therefore, the principal should induce the lowes
effort possible.

2The |nequa||tyws<0 should not be interpreted literally as a negative wage, because t
supervisor's outside option is normalized to zero. If the outside option is Wa)l;trw'
w + c(m) — ERI (b, _m), which can be positive.

30 Thatgs(m*, b) will be positive, is easy to showis(0, b) = 0, becaus€’'(0) = 0, 1/(0) =
andc(0) = 0, and then apply the fact thag(m, b) is increasing irm.
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Now introduce the possibility a#x-antecollusion. By making appropriate sub-
stitutions using the expression of expected rewards in Section 3.1 anar({7G)
in (8), theex-antecollusion-proofness condition (8) can be written in terms of thi
equilibrium induced efforin as follows:

c¢'(m)

;ﬂ(m)u(m) —c(m) > 2+ wh. (A2)

The penalties are already given by (6) but they depend on an endogenous
able, i.e., theinduced effamthat is to be determined next. To obtain the expressio
for rewards, which also depend on the induced effiorive consider each legal
presumption separately.

PresumptioriZ. Under presumptiod the principal promises the supervisor
a single rewardR? if type-h evidence, which establishes guilt, is produced. T
obtain the equilibrium induced effort and the expressionRdr recall that law
enforcement costs given by (A1) are increasingnirOn the other hand, the left-
hand side of (A2) is also increasing im, becomes arbitrarily large aa goes
to m*, and goes to zero am goes to 0. The assertion that the left-hand side ¢
(A2) is unbounded above is proved in Claim 1, following the proof of Lemma :
Therefore, there exists a minimal effonf that satisfies (A2) with equality, where
wk =0.

We now argue that, thisZ will minimize law enforcement costs. First, we need
to show that thex-postollusion-proofness constraint (9), which we have ignore
until now, is implied by theex-antecollusion-proofness condition (8). Rewrite
(8) as

bpf R? ju(m) > z+ c(m)

T c(m) 4 z
~ bpju(m)  bpju(m)’

and using (6),

__¢(m) F_I> I
_*bpgu(m)—i_b FZ.

Nowby (7Z), R* = [_C/(mf)//t’(mf)][l/(B Pyl and by (6)F7 = z/[ pge(m7)].
S0,LEC? = ¢(mf) — bz
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Presumptiorg. We already established that

(1-ri)z
[Ph+(1—p)A—r1g) —A-1)]

wd =
which, substituted into thex-antecollusion-proofness condition (A2), yields

c¢'(m)
w'(m)

(L—ri)
[P§+ (1 Pj)(A —rg) = (X —ri)]

u(m) —c(m) >z {1+ } (A3)

As under presumptiof, the principal must induce at least a minimal efiog
satisfying (A3) with equality.

Since (¢(m)/w’(m))(m) — c(m) is increasing im, m¢ > mZ.

To check tham¢ minimizes law enforcement costs, we need to showekgtost
collusion-proofness constraints in (9) are satisfiedantecollusion-proofness is
already satisfied through (A3), provided rewarﬂzg ( R,g) are chosen to induce
m¢ by satisfying Eq. (§).3! Thus, we need to determine suitable penalty an
rewards. First determine the penalty, using (6), as

Fg — z .
[P0+ (1— ph) (A —rg) — (L —ri)]u(mf)

Now chooseR’ = F9 to satisfy the third constraint in (9). Next determiR§
using (79:

1 | c(mg)
bpg | w/(m?)

R = — F9b(1- ph)(L—rg) + A - D)1 - ri)]}.

By construction, Rﬁ R,g) inducesm? and satisfies (A3), and equivalently (8).
Therefore, rewrite (8) as

[BRIRY +b(1— pf)(L —rg)F9 + (1 —B)(L — 1)F9] o (mf) — ¢ (m¢)
= z—bz+ pu(mf) F9 [bp] +b (1 - p) (1 —rg) + (L~ D)1 —r)].
which can be simplified to
bphu(mf) [RY — F9] = c(mf) + 21~ b) > 0.

31Crucial to the determination of law enforcement costs is the induced efiprtThere can be
more than one combination oRf, RY) that is consistent witmg, but we consider only one such
combination.
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implying Rﬁ > FY9. Thus, the second constraint in (9) is satisfied. Therefore, tl
minimized law enforcement costs under presump@are given by

LECY =c(mf) — bz

Finally, sincem? < m¢, law enforcement costs will be lower under presumptio
7. Q.E.D.

Claim1. [c'(m)/u'(m)]w(m) —c(m) can be made arbitrarily large by inducing
an appropriaten through adjustments iR!.

Proof of Claim 1. Suppose not. Then there is a finitsuch that§'(m) /.’ (m)]
p(m) — c(m) < n for all m that can be induced. Choose any particdtinduced
by an appropriate reward®?, such that

c'(m)
w' (M)

w(M) — c(m) <.

Now choose a sufficiently large?, sayRZ > RZ, such thaBpg1 ﬁIu(er) — (M) >
n. Clearlym cannot be the equilibrium effort for the reward choRE so letm
be the equilibrium effort. Thus, we have

c'(m)

/()

() — o) > bp§RZ (M) — () > n,

which is a contradiction. Q.E.D.

_ Proof of Proposition 4. First consider the presumption rufe By Lemma 3,
b € (0, 89] cannot be implemented under presumptihrNow suppose that any
corruption targeh € (89, 1) can beimplemented. Using (Y@ith RY = R’ = R,
we must have

1 c'(mf)

R y ,
B[P+ (1— P —rg)] +@A—D)A—1)  u(m?)

and, by Iettingﬁ approachp? from above, we conclude that

! L S(m?)
BI[Ph+ (1P L —rg)] + (@~ BNA-1) "~ w(mf)

p

R>
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¢'(m7)
w(mg)
This completes the necessary part of the if and only if claim.

To show that (A4) is also sufficient for full collusion-proof implementation o
anyb e (89, 1), write theex-antecollusion-proofness constraint (A2) as

RY. (A4)

— 1
R> — x
P

w(md)[c(md) /' (md)] = c(m) + z+ wf
d-r)z
[ph+ (1P —rg) —(1—r)]

=c(m)+z+

By (A4), there exist rewardg’ andR¢ that induce efform¢, which satisfies this
last condition. Furthermore, using (A4) in this last condition, we obtain

F\_’E ; C(mg) +z4 @aQ-r)z
pu(m) ’ [p§+ (1—pf) (1—rg) — (1—ri)]
@-rp z
T Do) g - @l (md)
_ (1_ ri) . Fg.
0

Since 1-r; > p, R > F9. Hence, it is possible to find reward®’ and R’,
not exceedindr, such that thex-postollusion-proofness constraints hold and all
other equilibrium conditions are satisfied. B

Now consider the presumption rufe Suppose that any corruption tardet
(0, 1) can be implemented through presumptiordsing (77), we conclude that

5. L clm)
bpg 1/ (m7)

The right-hand side of the expressiorR$(b) in the statement of the proposition.
Hence, we have shown the necessary part of the if and only if claim. That
above condition is also sufficient for implementation of a spedtifie (0, 1),
follows directly from Lemma 1.

However, note that because

(AS)
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constraint (A5) cannot be satisfied for Ivalues given an upper bound rewad
In particular, given a fixed, finit® such thaiR > RY, even though ab € (89, 1)
can be implemented through presumptismo

b € (0,bz(R)).

can be implemented through presumptigrwhere
_ mZ
bz(R) = ————==

Here we are assuming thaf < bz(R).

Thus, the implementation targets strictly between zero and one can be divi
into three regions. The region,(89) is not implementable by either presump-
tion rule. The regionfY, bz(R)) can be implemented but only through presump
tion rule G. The region bz(R), 1) can be implemented under both presumptiol
rules. Q.E.D.
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