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1 Introduction

The U.S. tort system provides $172 billion in gross compensation to the plain-
tiffs each year. A significant portion of this compensation represents lawyers’
fees and other costs of producing evidence (Engstrom, 2014).! Although the
production of evidence is a core component of any civil justice system and
the cost of producing evidence influences the actual compensation received
by the victims, previous theoretical work on civil litigation abstracts from
the analysis of the optimal production of evidence.? Our paper contributes
to the law and economics literature by presenting the first application of
mechanism design to the optimal design of the civil justice system.® The
fundamental goals of the civil justice system and the optimal production of
evidence are considered in our design. We demonstrate that the optimal
civil justice mechanism minimizes the social welfare loss associated with an
accident by providing access to justice to the victims and maximal compen-

sation to the victims confronting liable injurers at the minimum expected

1In civil litigation, the cost of producing evidence encompasses the litigation costs
and the lawyers’ fees. Litigation costs include the costs associated with the production
of information by each party and the legal discovery process (i.e., the formal process of
exchanging information between parties about the evidence and witnesses that will be
presented at trial). They also include the costs associated with the additional production
of information at trial. Litigation costs represent approximately $5.2 billion (Engstrom,
2014). Lawyers’ fees represent approximately one-third of the plaintiff’s gross or net

compensation.

2For seminal work on litigation, see Shavell (1982), Png (1983), Bebchuk (1984), Rein-
ganum and Wilde (1986), Schweizer (1989) and Spier (1992, 1994). For seminal work on
care taking and litigation, see Png (1987) and Landeo et al. (2007). For seminal work on
third-party funding of litigation, see Daughety and Reinganum (2014) and Landeo and
Nikitin (2018).

3More specifically, previous literature has applied mechanism-design tools to study
specific civil justice institutions such as the English and American rule for allocation of
litigation costs. In contrast, our paper studies the optimal design of the whole civil justice

system.



cost of producing evidence. In contrast to previous work, our comprehen-
sive approach allows us to characterize optimal cost-allocation rules under
an optimal production of evidence. We demonstrate that a tort reform that
implements the proposed mechanism in real-world settings is feasible.

We study the design of the optimal civil justice system in an environment
characterized by two-sided private information and two players, a victim and
an injurer. Without loss of generality, we focus on direct-revelation civil jus-
tice mechanisms where the victim and the injurer truthfully report their
types (Myerson, 1981, 1979). We identify the properties that must be satis-
fied by an optimal civil justice system to ensure access to justice and maximal
compensation to the victims at the minimum expected cost of producing ev-
idence. Our analysis demonstrates that the cost of producing evidence, the
probability of confronting liable injurers, and the society’s concern regarding
the victim’s compensation determine the optimal civil justice system.* We
show that, when the optimal production of evidence is implemented, full
revelation of private information is achieved by investigating just a subset of
legal cases. Our findings suggest that the cost-allocation rule applied in the
American civil justice system, where each party pays their own cost of pro-
ducing evidence, is not always socially optimal. The English rule, where the
liable injurer or the victim confronting a non-liable injurer pays all the cost
of producing evidence, is the optimal cost-allocation rule when the likelihood
of liable injurers is moderate and the society’s concern about restoring the
victim’s welfare is sufficiently high. In contrast to inefficient real-world civil
litigation procedures, under the optimal mechanism, all victims get access
to justice, the victims who confront liable injurers get maximal compen-
sation, and evidence is produced at the minimum expected social cost by
investigating just a subset of the legal cases.

The civil justice system is modeled as follows. We assumes that a neg-

«

4The probability of confronting liable injurers will henceforth be referred to as “prob-

ability of liable injurers”



ative event (an accident) caused by the injurer generated damages to the
victim, and that the injurer might be liable or legally responsible for these
damages and hence, might be required to pay compensation to the victim.
The damage level, which is private information, represents the victim’s type.
Our setting allows for a continuum of damage levels. The injurer’s liability,
which is also private information, represents the injurer’s type, non-liable and
liable types. The types are independently distributed, and the distributions
are commonly known.

A welfare-maximizing direct-revelation civil justice mechanism with a
truth-telling equilibrium can be described as follows. A victim initiates the
civil procedure by deciding to participate in the mechanism and the injurer
is compelled to participate.® Both parties are required to report their types.
The mechanism produces evidence, perfectly reveals the types, and ends with
transfers from the liable injurers to the victims.

The social planner’s civil justice design problem consists of a mathemati-
cal optimization problem. The objective function is represented by the social
welfare loss associated with an accident, which includes the expected harm
from an accident, the expected cost of producing evidence, the expected
infringement of the victim’s right of access to justice or right to fully par-
ticipate in the legal system (Landeo and Nikitin, 2018), and the expected
infringement of the right of the victim confronting a liable injurer to be fully
compensated. The players’ constraints ensure the victim’s participation in
the mechanisms and the parties’ truthful report of types.

We begin our analysis with a benchmark model where the cost of pro-
ducing evidence is paid by the social planner. This simplifying assumption
allows us to introduce the main component of our methodological approach.
We characterize the optimal civil justice system by adopting a two-step ap-

proach. In the first step, we identify the interim probabilities of investigation

5These features of the mechanism are aligned with the voluntary participation of the

plaintiff and the compulsory participation of the defendant in civil litigation.
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that induce the victim to truthfully reveal his damage type. We show that
the cost of producing evidence and the probability of liable injurers deter-
mine the interim probabilities of investigation. In the second step, we verify
whether the interim probabilities of investigation also induce the liable in-
jurer to truthfully report her liability type, and apply adjustments to the
interim probabilities of investigation. We show that the optimal produc-
tion of evidence involves the investigation of just a subset of legal cases. If
the probability of liable injurers is sufficiently low, irrespective of the vic-
tim’s reported damages, then only legal cases where the injurer reports to be
non-liable might be investigated. If the probability of liable injurers is suffi-
ciently high, then legal cases where the injurer reports to be non-liable and
the victim reports relatively low damages and legal cases where the injurer
reports to be liable and the victim reports relatively high damages might be
investigated.

We then demonstrate that a tort reform that implements the optimal
mechanism in real-world settings is feasible. The proposed tort reform con-
sists of adding a first stage, an “Information-Revelation Stage” to the cur-
rent civil litigation procedures. We model civil litigation using a game-
theoretic setting with two-sided incomplete information and three Bayesian
risk-neutral players, a social planner, a plaintiff (victim) and a defendant (in-
jurer). In the first stage, the Information-Revelation Stage, the social planner
chooses a direct-revelation mechanism involving incentives to the plaintiff to
file a lawsuit (initiate the mechanism) and incentives to the plaintiff and de-
fendant to truthfully report their types. The social planner then informs the
reported types to the plaintiff and the defendant, and a standard two-stage
litigation game starts. The plaintiff makes a take-it-or-leave-it settlement of-
fer to the defendant, and the defendant decides whether to accept the offer.
In case of acceptance, the legal case is settled out of court; otherwise, a costly
trial occurs. We show that a direct-revelation mechanism with a truth-telling

equilibrium exists in this environment, and that this mechanism is the same



as the optimal mechanism of the benchmark model. In equilibrium, perfect
revelation of private information is achieved by producing evidence on just
a subset of legal cases. All legal cases are settled out of court and hence, the
likelihood of trial and the corresponding litigation costs are minimized.

Next, we study the optimal civil justice design with endogenous alloca-
tion of the cost of producing evidence between the victim and the injurer.
The assumption that the social planner pays the cost of producing evidence
is relaxed. In contrast to the previous literature, the design of cost-allocation
rules takes into account the optimal production of evidence. We show that
our main qualitative findings regarding the design of the optimal production
of evidence also hold in this environment. New insight regarding the appli-
cation of the two most common cost-allocation institutions, the English and
the American rules, are derived. Under the English rule, the liable injurer
or the victim confronting a non-liable injurer pays all the cost of producing
evidence. Under the American rule, which is applied in the American civil
justice system, each party pays her own cost of producing evidence. We show
that the American rule is not always socially optimal. When the likelihood of
liable injurers is moderate and the society’s concern regarding the victim’s
compensation is sufficiently high, the English rule is the socially-optimal
rule. Our analysis underscores the robustness of our benchmark model find-
ings regarding the optimal production of evidence, and the tractability of
our framework to study more complex civil justice systems.

Important policy implications are derived from our paper. Our analysis
demonstrates that the optimal civil justice mechanism shares some of the
features present in the American civil litigation system but also underscores
other relevant factors for the design of optimal civil justice institutions. In
contrast to the American civil justice system where the production of evi-
dence occurs in all the legal cases that are filed, we show that, in the op-
timal civil justice system, the truthful revelation of private information is

achieved by devoting society’s resources to the investigation of only a sub-



set of legal cases. When the production of evidence is optimal, the social
planner achieves the core goal of providing access to justice and maximal
compensation to the victims at the minimum cost of producing evidence.
The extension to our benchmark model provides additional policy implica-
tions. When the allocation of the cost of producing evidence is endogenous,
we demonstrate that the optimal cost allocation does not always correspond
to the cost-allocation rule applied in the American civil justice system.

The closest to our work is the very small theoretical literature on the
design of civil litigation institutions using a mechanism-design approach.6
Schweizer (1989) studies a game-theoretic model of litigation with two-sided
incomplete information. Mechanism-design tools are also used to explore
whether the inefficient equilibrium under which litigation is not avoided with
certainty is due to the take-it-or-leave-it bargaining procedure adopted in the
game-theoretic model. The framework assumes that the litigants’ outside op-
tion is to proceed to trial where the private information is perfectly revealed
and the English rule for cost allocation is applied. The findings suggest that
there are more important factors that preclude efficiency, and that the effi-
cient outcome does not always exist. Spier (1994) analyzes the effects of Rule
68 for cost allocation between a plaintiff and a defendant on the likelihood
of out-of-court settlement using a game-theoretic model of one-sided incom-
plete information.” Mechanism design is then applied to a two-sided private
information setting to study the optimal cost-allocation rule that maximizes
the probability of settlement. The framework assumes that the litigants’
outside option is to go to trial, where the private information is perfectly

revealed and the American rule for cost-allocation is applied. The results

SFor brevity, this section summarizes only the papers that are closely related to our

work.
7Under Rule 68, cost allocation depends on the pretrial settlement offers. When a

litigant rejects an out-of-court settlement offer and gets a less favorable judgment at trial,

she must compensate the other litigant for certain costs incurred after the offer was made.



suggest that the optimal rule for the allocation of the pretrial litigation costs
resembles Rule 68.

Klement and Neeman (2005) investigate the optimal cost-allocation rule
that minimizes the rate of litigation subject to maintaining deterrence using
one-sided private-information framework and a mechanism-design approach.
This paper also assumes that the litigants’ outside option is to proceed to
trial and that the defendant’s private information is perfectly revealed at
trial. Their findings suggest that the optimal cost-allocation mechanism
involves instruments that resemble the English rule. Demougin and Fluet
(2006) use a mechanism-design approach to study the optimal standard of
proof rule for determining negligence that maximizes deterrence, and find
that “the more-likely-than-not” rule induces maximal care-taking incentives
for potential injurers.

These papers differ significantly from our work. Schweizer’s (1989) appli-
cation of mechanism design is limited to exploring a specific outcome asso-
clated with his game-theoretic environment. The focus of Spier (1994) and
Klement and Neeman (2005) is on the design of cost-allocation rules that
maximize the likelihood of out-of-court settlement. Demougin and Fluet’s
(2006) paper is centered on the design of optimal standard of evidence rules.
In contrast to our work, the design of civil justice institutions in these pa-
pers does not consider the optimal production of evidence. Importantly,
these previous applications of mechanism design abstract from the funda-
mental goals of the civil justice system of providing access to justice and full
compensation to the victims confronting liable injurers.

Another strand of this literature is related to the application of mecha-
nism design to the design of criminal law institutions. Silva (2019) studies

truth-telling mechanisms for groups of suspects where only one is guilty, and

8Under the “more-likely-than-not” rule, a defendant is considered liable when the court
determines that it is “more likely than not” that she did not fulfill the social standard of
care. A degree of certainty above 50% is generally applied.
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finds that the optimal mechanism involves leniency for confession before in-
vestigation. Siegel and Strulovici (2023) investigate optimal deterrence with
direct-revelation mechanisms for harmful acts committed by single injurers.
They study two deterrence settings, and demonstrate that the optimal mech-
anisms resemble criminal law institutions such as plea bargaining and binary
verdicts. None of these papers study optimal civil justice institutions.

Our work is also connected to the theoretical literature on the economic
analysis of civil litigation (Shavell 1982, Bebchuk 1984, Reinganum and
Wilde 1986, Png 1987, Spier 1992, Landeo et al. 2007). Applied economic
models of pretrial settlement bargaining have been developed to explain the
sources of negotiation breakdown in civil litigation and to propose reforms
aimed at improving the efficiency of civil litigation institutions. Primarily
game theory has influenced these studies. A limitation of this approach is
that the effectiveness of a specific litigation institution might be affected by
the features of the bargaining model. In particular, the properties of the
litigation institution are sensitive to the timing of the game. Importantly,
the design of the litigation institutions does not take into account the opti-
mal production of evidence. We extend this literature by providing the first
general application of mechanism design to the study of optimal civil justice
institutions under an optimal production of evidence.

The rest of the article is organized as follows. Section 2 presents the main
assumptions and notation used in the benchmark model, and describes the
social planner’s civil justice design problem. Section 3 presents the analysis
of the benchmark model, shows that the goals of the civil justice system can
be achieved by producing evidence in just a subset of legal cases, and provides
a real-world application. Section 4 studies the optimal civil justice design
under endogenous allocation of the cost of producing evidence between the
injurer and the victim, and shows that the cost-allocation rule applied in
the American civil justice system is not always socially optimal. Section 5

provides concluding remarks. Formal proofs are presented in the Appendices.
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2 Civil Justice System

This section introduces the stylized civil justice system studied in this paper.
We presents the basic notation, describe the direct-revelation civil justice
mechanism with a truth-telling equilibrium, and discusses the social plan-

ner’s civil justice design problem.

2.1 Basic Notation

Our framework involves two-sided private information and two risk-neutral
players, a victim V and an injurer I. A negative event (an accident) caused
by the injurer generated damages A to the victim, and that the injurer
might be liable or legally responsible for these damages and hence, might
be required to pay compensation to the victim. Damages A € [0, A] rep-
resent the victim’s type, where A = 0 and A = A refer to the lowest and
highest damages experienced by the victim, respectively. A is distributed
with probability density function g(A) and cumulative distribution function
G(A), and g(A) > 0 VA € [0, A]. Liability L € {0,1} represents the injurer’s
type, where L = 0 denotes a non-liable type and L = 1 denotes a liable type.
The probability of liable injurers is p € (0,1). The victim’s and the injurer’s
types are private information and the distributions of types are commonly
known. The victim’s and injurer’s types are stochastically independent.’
The social planner’s goal is to ensure the victim’s access to justice or par-
ticipation in the civil justice system (Landeo and Nikitin, 2018) and maximal
compensation to the victims confronting liable injurers.!® The social plan-
ner’s adjudication of compensation to the victim is based on the injurer’s
liability type. We denote this criterion as the soctal planner’s adjudication

criterion. For any realization of A € [0, 4], if the injurer is liable (L = 1),

90ur findings also hold in environments with non-independent types that do not allow

the social planner to use one player’s information to learn about the other player’s type.
10See Section 2.3.2 for details about the social welfare loss function.

11



then the victim should be compensated with transfer A; otherwise, no com-
pensation should be granted.!! The victim and the injurer have limited
financial resources. We denote the victim’s and the injurer’s financial re-
sources as WV > 0 and W/ > A.12

The social planner’s problem is derived from the fact that she does not
know the victim’s and the injurer’s types. The optimal civil justice design
should allow the social planner to accomplish her goal by revealing the par-

ties’ types at the minimum social cost of producing evidence.

2.2 Civil Justice Mechanisms

Without loss of generality, we focus our attention on a special class of civil
justice mechanisms, the direct-revelation civil justice mechanisms with a
truth-telling equilibrium (Myerson, 1981, 1979). This mechanism can be
described as follows. The victim initiates the civil procedure by deciding to
participate in the mechanism and the injurer is compelled to participate.!® If
the victim decides to participate, both parties are required to simultaneously
and confidentially report their types, (rV,r!) to the social planner, where
rV € [0,A] and v € {0,1} denote the victim’s and the injurer’s reports,
respectively.

Although the players’ types are private information, the social planner
can produce evidence at a cost to investigate the reported types. We assume
that the technology allows the social planner to perfectly learn the types.
The costly technology for the production of evidence is described by a pair

11n other words, we implicitly assume that the social planner uses an exogenous social

standard of care for liability determination.
12The last assumption indicates that although the injurer has limited financial resources,

his financial resources suffice to compensate a victim of type A € [0, A], i.e., he is not

judgment proof.
13These features of the mechanism are aligned with the voluntary participation of the

plaintiff and the compulsory participation of the defendant in civil litigation.
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of cost functions. We denote Cp(A) as the cost of producing evidence when
the injurer’s type is non-liable and the victim’s type is A, and C;(A) as the
cost of producing evidence when the injurer’s type is liable and the victim’s
type is A.1* We assume that C;(0) > 0 (i = 0,1), and VA € [0, A], %X‘) >0
(i = 0,1).15 We allow for Cy(A) > C1(A) and Co(A) < C1(A). We denote
q(rV,r") as the probability of investigation.

We assume that the social planner can also impose a fine f* € [0, f]
when party i’s report 7% is found to be untruthful (i = I, V). Given that the
victim and the injurer have limited financial resources, f* < W* (i = V,I).
The transfers and fines that result from the production of evidence are as
follows. First, when the reports are not investigated, the injurer transfers ¥
to the victim if 7/ = 1. Second, when the reports are investigated and found
to be truthful (r¥ = A and r! = L), the injurer transfers 7V to the victim
if I = 1. Third, when the reports are investigated and the injurer’s report
is found to be untruthful (r! # L), the injurer pays fine fI € [0, /] to the
social planner, and the social planner transfers rV to the victim if L = 1.16
Fourth, when the reports are investigated and the victim’s report is found
to be untruthful (rV # A), the victim does not receive any transfers and

pays fine f¥ € [0, fV] to the social planner.'” Fifth, when the reports are

141n Section 3, the benchmark model, we assume that the cost of producing evidence
is paid by the social planner. In Section 4, we endogenize the allocation of the cost of

producing evidence between the injurer and the victim.
15The victim has an incentive to untruthfully report higher damages to get higher

compensation. As a result of the higher investigation complexity when damages are higher,

stronger investigation efforts and higher costs might be required.
16 For mathematical tractability, the rule consists of just imposing a fine to the untruthful

injurer. We show that in equilibrium, the fine is the maximal, f{. Given that the injurer
is financially constrained, f/ = WY. Alternatively, we could define the maximal fine as
WI — A, charge this fine to the liable injurer and require the liable injurer to pay the
compensation A. Notice that the two rules produce the same incentive to the injurer in

terms of expected loss, and hence, are equivalent.
17The component of the rule consisting on not providing any compensation to the victim
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investigated and the victim’s and injurer’s reports are found to be untruthful
(rV # A and r! # L), the victim does not receive any transfers, and the
victim and the injurer pay fines fV € [0, fV] and f! € [0, f!] to the social
planner.

Two types of constraints must be imposed to ensure participation in
the mechanism and truthful reports: individual-rationality constraints and
incentive-compatibility constraints. To simplify the notation, we denote the
probability of investigation g(r"',r7!) when the injurer reports to be non-
liable and the victim reports to be type A as go(A) € [0,1], and the proba-
bility of investigation ¢(r",r!) when the injurer reports to be liable and the
victim reports to be type A as q;(A) € [0,1].'® First, a victim’s individual-
rationality constraint is required to ensure that the victim will be willing
to participate in the civil justice mechanism. Second, victim’s and injurer’s
incentive-compatibility constraints are required to ensure that the players

will be willing to truthfully report their types.'®

In sum, in the class of direct-revelation civil justice mechanisms with a
truth-telling equilibrium, the victim initiates the civil procedure by deciding
to participate in the mechanism, the injurer is compelled to participate, and
both parties are required to report their types to the social planner. The
mechanism produces evidence at a cost, perfectly reveals the types, and ends

with transfers from the liable injurers to the victims.

allows the social planner to strengthen the incentives to truthful revelation of the victim’s

types without increasing the expected social cost.
18For brevity, the lemmas are included in Appendix A.
91n other words, truthful reports must be a Bayesian Nash Equilibrium in the civil

justice game. See Section 2.3.1 for details about the players’ constraints.
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2.3 Social Planner’s Civil Justice Design Problem

The social planner’s problem of the design of the civil justice mechanism
consists of a mathematical optimization problem. The social planner should
choose the direct-revelation civil justice mechanisms with a truth-telling
equilibrium that minimizes the social welfare loss function SW L associated
with an accident. Given that the class of direct-revelation mechanisms with
a truth-telling equilibrium requires the satisfaction of constraints (1) and
(2), the social planner’s optimization problem should be expressed in terms
of the actual types.

The social welfare loss function SWL consists of several components.
First, it includes the social welfare loss associated with the expected harm
from an accident H = E[A] = fOA Ag(A)dA. Second, it includes the social
welfare loss associated with the expected cost of producing evidence (i.e.,
expected cost of investigation) E[C(A)] =
fOA [pq1(A)C1(A) + (1 — p)go(A)Co(A)] g(A)dA. Third, it includes the social
welfare loss associated with the expected infringement of the victim’s right
of access to justice OE[n(A)], where E[n(A)] = fOA n(A)g(A)dA represents the
mass of victims that do not trigger the mechanism, i.e., do not get “Access
to Justice,” and 6 > 0 represents the society’s concern regarding the victims’
right of access to justice (Landeo and Nikitin, 2018).2° Fourth, it includes
the social loss associated with the expected infringement of the right of the
victim confronting liable injurers to be fully compensated AE[£(A)], where
E[¢(A)] > 0 represents the magnitude of undercompensation of the victim
confronting liable injurers across victim’s types, and A > 0 represents the

society’s concern regarding restoring the welfare of victims confronting liable

20In our environment, participation in the mechanism represents “Access to Justice”
for victims. In the context of civil litigation, “access to justice” refers to the victim’s
ability to fully participate in the legal system (by filing a lawsuit agains the injurer, and
if necessary, by bringing the case to trial). See Landeo and Nikitin (2018) for a formal

definition of access to justice.

15



injurers to the level they experienced before the accident.

Definition 1. The social welfare loss function SW L is defined as follows.

SWL = H +E[C(A)] + 0E[n(A)] + AE[£(A)] =
A A
- / Ag(d)dA + / P (A)C1(4) + (1 — pao(A)Co(A)] g(A)dA+

A A
+0/O n(A)g(A)dA+A/O E(A)g(A)dA.

The social planner’s problem is to minimize the SWL by choosing the
optimal probabilities of investigation, go(A) and g;(A), subject to the vic-
tim’s and injurer’s constraints. ilntuitively, the social planner’s goal is to
provide access to justice to the victim and restore the welfare of the victim
confronting liable injurers to the level she experienced before the accident
by inducing the victim and the injurer to truthfully reveal their private in-

formation at the minimum cost of producing evidence.

3 Benchmark Model

We begin our analysis by assuming that the social planner pays the cost of
producing evidence. This simplified assumption allows us to introduce the
main component of our methodological approach. (In Section 4, we study
the optimal civil justice with endogenous allocation of the cost of producing
evidence between the victim and the injurer, and characterizing the optimal

cost-allocation rule.)

3.1 Players’ Constraints

The set of players’s constraint first includes the victim’s individual-rationality
(participation) constraint, pA > 0 YA € [0, A], which is trivially satisfied

VA € [0, A]. Hence, the victim has always an incentive to participate and the

16



mechanism is always triggered.?! Second, it includes the victim’s incentive-
compatibility constraint. Lemma 1 in Appendix A shows that it suffices to
consider the victim’s incentive-compatibility constraint for the lowest dam-
age type, A = 0: the victim’s expected payoff when she truthfully reports her
type should be greater than or equal to her expected payoff when she untruth-
fully reports a higher type: 0 > p(1—gq1(A"))A" — [pg1(A") + (1 —p)go(A")] fV
VA" € [0, A]. This constraint should hold VA’ € [0, A]. Hence, the victim’s

incentive-compatibility constraint is equal to: YA € [0, A],
[pa1(A) + (1 = p)ao(A)]f* = p(1 — a1 (A))A. (1)

Third, it includes the the incentive-compatibility constraints for the liable
and non-liable injurers: the injurer’s expected loss when he truthfully re-
ports his type should be lower than or equal to his expected loss when
she untruthfully reports his type. Lemma 2 shows that the liable injurer’s

incentive-compatibility constraint is equal to:

i A
/ Ag(A)dA < [T / do(A)g(A)dA. (2)
0 0

Finally, the non-liable injurer’s incentive compatibility constraint is equal to:

A
0> - / (1= 1 (ANA + a1 (A) 1] g(A)dA,

which is trivially satisfied VA € [0, A] and Vf! € [0, fI]. Hence, the non-liable
injurer will always truthfully report his type. As demonstrated in Appendix
A (Lemmas 1 and 2), the application of maximal fines f¥ and f! allows the
social planner to save resources on investigation. Given that the victim and

the injurer have limited financial resources, f¥ = W" and ff = W1.22

21Remember that, when the victim triggers the mechanism, the injurer is compelled to

participate. Hence, an injurer’s individual-rationality constraint is not required.
22Remember that the injurer and the victim are financially constrained, and that W! >

Aand WY > 0, by assumption. If fV and f! could go to +o0, the incentive-compatibility
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3.2 Social Planner’s Civil Justice Design Problem

Note first that the term H is exogenous. Second, given that the victim’s
individual-rationality constraint is trivially satisfied for A € [0, A], the victim
always has an incentive to trigger the mechanism, i.e., the victim always fully
participates in the legal system. As a consequence, the victim always gets
access to justice and hence, E[n(A4)] = 0. Third, given that the social planner
pays the cost of producing evidence, the victims confronting liable injurers
are fully compensated and their welfare is restored and hence, E[¢(A)] = 0.23

Hence, the social planner’s problem is reduced to minimize the expected

cost of producing evidence E[C(A)]:

A
i L (0n)+ 0 DA g |

subject to the victim’s incentive-compatibility constraint (1), [pgi(A) + (1 —
p)qo(A)]fY > p(1 — q1(A))A VA € [0, 4], the liable injurer’s incentive-
compatibility constraint (2), fOA Ag(A)dA < f! fOA q0(A)g(A)dA, and the
feasibility constraints for the probabilities of investigation, 0 < ¢;(4) < 1
(i=0,1).

We adopt a two-step approach to characterize the optimal probabilities of
investigation. In the first step, we characterize the interim probabilities of in-

vestigation go(A4) and ¢;(A) that satisfy the victim’s incentive-compatibility

constraints (1) and (2) would be satisfied for go(A) and g1 (A) approaching zero. In other
words, when the victim and the injurer have unlimited financial resources, the truthful
revelation of types is achieved at zero social cost of producing evidence.

23Formally, E[¢(A)] = pfOA a1q1(A)C1(A)g(A)dA, where aq represents the victim’s
share of the cost of producing evidence when the injurer reports to be liable. Given
that the social planner pays the cost of producing evidence, a; = 0. In Section 6, we
study the optimal allocation of the cost of producing evidence. We use an extension of
our benchmark model consisting on endogenizing the allocation of the cost of producing
evidence. In this setting, the victim might share the cost of producing evidence, a1 > 0.

As a result, the victim might not be fully compensated and hence, E[¢(A)] > 0.
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constraint (1) and the feasibility constraints for the probability of investi-
gation. In the second step, we verify whether the interim probability of
investigation go(A) also satisfies the liable injurer’s incentive-compatibility
constraint (2). If not, adjustments to the interim probabilities of investiga-
tion gg(A) and g1 (A) are implemented.?* The next sections outline the main
steps in the characterization of the optimal production of evidence. Formal

proofs and description of the numerical example are presented in Appendices
A and B.

3.3 Interim Probabilities of Investigation: Step 1

We characterize the interim probabilities of investigation go(A) and ¢1(A)
that satisfy the victim’s incentive-compatibility constraint (1) and feasibility

constraints for the probabilities of investigation, 0 < ¢;(4) <1 (i =0,1).?

3.3.1 Analysis of Type-A Victim

The social planner’s problem involves optimization across victim’s types.
Given that the victim’s incentive-compatibility constraint is specified for a
particular type A, it is appropriate to start the analysis with the social
planner’s optimization problem for an individual type-A victim.

Denote the expected cost of producing evidence associated with a type-A
victim as E[C] = pg1(A)C1(A4) + (1 — p)go(A)Ch(A). The social planner’s
problem is:

qo(j?,Z?(A){pql(A)Cl(A) + (1= p)go(A)Co(A)}

24Mathematically, the social planner’s problem consists of a linear programming prob-
lem, i.e., the objective function and the constraints are linear (Vohra, 2011). The order

of the analysis of linear constraints does not affect the solution of the problem.
25For brevity, the main text of the paper only includes the main propositions. The

additional propositions, lemmas and claims are included in Appendix A.
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subject to the victim’s incentive-compatibility constraint (1) and the feasibil-
ity constraints 0 < ¢;(A) <1 (i =0,1). Claim 1 in Appendix A shows that
the victim’s incentive-compatibility constraint holds as an equality. Hence,

the victim’s incentive compatibility constraint (1) becomes:

(Y +pA)qi(A) + (1 - p)fVq0(A) = pA. (3)

Solving for go(A):
_ p(f"+4) pA

qo(A4) = — 0=p)f" Q1(A)+4(1_p)fv'

Therefore,
E[C] = 7V {Q1 [PC1(A) Y = pCo(A)(FV + A)] + pACo(A)}

and

GE[C] _ [pCi(A)FY = pCo(A)(f¥ + A)]

dqi(4) v '

When [pCI(A)fV_I}go(A)(fV+A)] < 0, which is equivalent to A > (Cl(A) -

~ B Co(A)
)Jw OEIO] < 0; when [pCI(A)fV7I}€0(A)(fV+A)] = 0, which is equivalent to

’ 9q1(A) ) :
A= (S 1Y, 2l — 0; and, when PANITZERAUTTHAL 5 g
which is equivalent to A < (glg‘zg — 1)fV’ gg[(;’l) < 0.

The interim probabilities of investigation for type-A victim should also
satisfy the feasibility constraints 0 < ¢;(A) < 1 (i = 0,1). Suppose that
A> (C (A; — l)fv and therefore, ai[?[(i]) < 0. The interim ¢ (A4) is a corner
solution with ¢;(A) taking the maximal value constrained by the feasibil-

ity constraint ¢;(A) < 1 and the victim’s incentive-compatibility constraint
holding as an equality, equation (3). Solving for ¢;(A4), we get ¢1(A) =
(W) [pA—(1—p)f¥qo(A)]. q1(A) takes the maximal value when go(A) =
0: ¢1(A) = ﬁ. Hence, the interim probabilities of investigation for a vic-
tim of type A are go(A4) =0 and ¢;(4) = ﬁ < 1.

Suppose that A = (glgﬁi — 1)fV and therefore, 6‘2]}3[(6;‘]) = 0. Claim 2
shows that, when A = ( Co E Ag — 1) fV, the interim probabilities of investiga-
tion ¢o(A) and ¢;1(A) involve infinitely many values, ¢o(A) € [O, (&)f—v]
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and ¢1(A4) € [0, Affv
and the corresponding ¢; (A) such that constraint (3) and the feasibility con-

].%6 We consider here the minimum value for go(A)

straints are satisfied. Hence, the interim probabilities of investigation for a

victim of type A are go(A) =0 and ¢1(A) = Aff‘/ <1.

Suppose now that A < (gégfx - 1)fV and therefore, aqE[(C/;]) > 0. The

interim ¢; (A) is a corner solution with ¢;(A) taking the minimal value con-

strained by the feasibility constraint ¢;(A) > 0 and equation (3). We need
to check whether ¢1(A) = 0 satisfies the victim’s incentive-compatibility
constraint. Evaluating equation (3) at ¢1(A4) = 0 and solving for go(A)
yields qo(A) = (%)% We also need to verify whether go(A) satisfies
the feasibility constraints. Define A°(p) = (1%’) fV. Claim 4 verifies that
q(A) = (ﬁ)}% < 1 only when A < (1_77’)]?‘/ = A%p). Hence, two
mutually-exclusive cases are possible. If A < A%(p), then the interim prob-
abilities of investigation are qo(A4) = (7% p) # and g1 (A) = 0. If A> A%(p),
then ¢o(A) = 1. The minimal feasible g1 (A) is the one that corresponds
to qo(A) = 1. Evaluating equation (3) at go(A) = 1 and solving for ¢;(A)

yields ¢1(A) = 1 — m Hence, the interim probabilities of investiga-
tion are go(A) = 1 and ¢;(4) = 1 — p(f"c,i:A). The feasibility constraints

0 < q1(A) <1 hold VA € [0, A] and Vp € (0,1).

Proposition 1 characterizes the interim probabilities of investigation.

Proposition 1. Suppose p € (0,1). The interim probabilities of investi-

gation for a victim of type A are as follows. (1) If A > (CIEA) )JW then

qO(A)—Oandql(A): fV+A (2)IfA < (CO(A) ) fY and A < (1 L)V =
A%(p), then qo(A) = (& )f—v and 1(A) =0. (8) IfA < (ClgAg fl)fv nd

A> (PTP)JFV = A%p), then qo(A) =1 and ¢1(A) =1 —

i
p(fV+4)"

26Claim 2 also shows that the optimal mechanism is not unique for every p-value when

p is sufficiently high.
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3.3.2 Analysis Across Victim’s Types

We now characterize the interim probabilities of investigation across victim’s
types. If Co(A) > C1(A) VA € [0, 4], then

+= (G ) @

is satisfied VA € [0, A]. Hence, by Proposition 1, the social planner incen-
tivizes the victim only through ¢; (A) across victim’s types. We denote this
: 1 T Ci(A *
case as En_wronment 1. IfCo(A) < C1(A) VA € [0, A] and A < (CééAg -1)fV
VA € [0, A], then condition (4) is never satisfied. Hence, by Proposition 1,

the social planner incentivizes the victim through go(A) across victim’s types.
We denote this case as Environment 2.%7

Consider first Environment 1. Suppose Co(A) > C1(A) VA € [0, A].
Therefore, condition A > (% —1)fV is satisfied VA € [0, A]. By Proposi-
tion 1, the interim probabilities of investigation are: go(A) = 0 and ¢;(A4) =
f"% < 1 VA € [0,A]. The interim probabilities of investigation hold V
p € (0,1). Consider now Environment 2. Suppose Cy(A) < C1(A) VA €
[0, A] and A < (ggg‘:g — 1) fV. Therefore, condition A > (g;gﬁg —1)fVis
never satisfied. By Proposition 1, if 4 < ( 11);17) fV = A°(p), then the interim
probabilities of investigation are go(A) = (ﬁ)fiv <1 and ¢:(4) = 0; if
A > (%)JW = A%(p), then the interim probabilities of investigation are
a0(4) = Land qu(4) =1 — ;s

Define p° = f"f-va' By Claim 5, if p < p°, then A < A°(p). Therefore,
every A € [0, A] is lower than or equal to A°(p). If p > p°, then A > A°(p).

<1

Therefore, A € [0, A] can be greater than or lower than A°(p). Hence,

27Claim 3 shows that there are multiple cases. The relationship among A, (gééﬁi —l)fv
and (%) fV determines multiple combinations of cases and hence, multiple states of the
world or environments. We study Case 2(b)i. here. This case occurs when Cp(A) < C1(A)
A ; 1-p\ fv (Ci1(A) v Ci1(4) v 1-p\ FV
VA €[0,4], A< mln{(Tp)f , (Cé(A) —1)fV} and (Cé(A) -1)fV < (Tp)f . Formal
analysis of the other environments is available from the authors upon request.
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two mutually-exclusive p-segments are possible. p-Segment 1: If p € [0, p°],
then the interim probabilities of investigation are go(A) = (ﬁ)% <1
and q1(A) = 0 VA € [0, A]. p-Segment 2: If p € (p°, 1], then the interim
probabilities of investigation are as follows. If A < A%(p), then ¢o(A) =
(&)fiv <1land g (A) =0. If A > A%p), then go(4) =1 and ¢ (4) =1 —
p(%va) > 0. Claims 4 and 6 verify that the feasibility constraint ¢o(A4) <1
is satisfied. It simple to show that the feasibility constraints go(A) > 0 and
0 < ¢1(A) <1 are also satisfied.

Proposition 2 characterizes the interim probabilities of verification across
victim’s types for Environments 1 and 2. It also shows that Environment 2

encompasses two p-segments, p-Segment 1 and p-Segment 2.

Proposition 2. The interim probabilities of investigation for Environ-

ments 1 and 2 across victim’s types are as follows.

1. Environment 1: If Co(A) > C1(A) VA € [0, 4], then the interim
probabilities of investigation are: qo(A) = 0 and ¢1(A) = f—vﬁ <1
VA € [0, A] and Vp € (0,1).

2. Environment 2: If Co(A) < C1(A) YA € [0,A] and A < (gégﬁg -
I)JW VA € [0, A], then the interim probabilities of investigation are as
follows. (a) p-Segment 1: Ifp € (0, p], then the interim probabilities of
investigation are qo(A) = (%)fiv and ¢1(A) = 0 VA € [0, A]. (b) p-
Segment 2: If p € (p°, 1), then the interim probabilities of investigation
are qo(A) = (ll%p)fiv and q1(A) = 0 VA € [0,A%p)], and qo(A) = 1
and g1 (A) =1 - L0 VA € (A(p), A].

Intuitively, to incentivize the victim to truthfully reveal her type while
economizing on investigation costs, the social planner should take into ac-
count the cost of producing evidence, the likelihood of liable injurers and the

victim’s damages.
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3.4 Optimal Production of Evidence: Step 2

This section verifies whether the interim probabilities of investigation also
satisfy the liable injurer’s incentive-compatibility constraint (2). If not, ad-
justments to the interim probabilities of investigation are implemented. The
probabilities of investigation that satisfy constraints (1) and (2) are denoted
as optimal probabilities of investigation and represent the optimal produc-
tion of evidence.

As discussed in the Appendix, there are two possible procedures to adjust
the interim probabilities of investigation, Procedures 1 and 2. Procedure 1
consists of an increase in ¢o(A) and a decrease in g1 (A) until the liable in-
jurer’s incentive-compatibility constraint (2) is satisfied as an equality while
keeping the victim’s incentive-compatibility constraint (1) satisfied as an
equality. Procedure 2 consists of an increase in go(A) without decreasing
q1(A) until the liable injurer’s incentive-compatibility constraint is satisfied
as an equality while keeping the victim’s incentive-compatibility constraint
(1) satisfied. As stated in Corollary 1, Procedures 1 and 2 can be applied
to Environment 1, and only Procedure 2 can be applied in Environment 2.
Propositions 3 and 4 show that the application of adjustment procedures
should start at the lowest A, and that Procedure 1 is more efficient that
Procedure 2 and hence, when both procedures can be applied, Procedure 1
should be applied first.

For brevity, only the analysis of Environment 1 will be presented here.
(The analysis for Environment 2 is presented in the Appendix.) Next, we
identify the p-segments and identify the procedures that should be applied.
Our findings suggest that there are three states of the world in each Envi-
ronment involving low, moderate and high probabilities of liable injurers p.
We then implement the adjustment procedures, and characterize the optimal
production of evidence for each state of the world. Our analysis demonstrates

that complete revelation of private information is achieved by focusing the
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society’s investigation efforts on just a subset of legal cases.??

Remember that Environment 1 occurs when Co(A) > C;(A) VA € (0, A].
We characterize the optimal probabilities of investigation. We first verify

whether the liable injurer’s incentive-compatibility constraint (2) is satisfied:

i A
/ Ag(A)dA < [T / do(A)g(A)dA. (2)
0 0

As Proposition 2 states, the interim probabilities of investigation are: Vp €
(0,1) and VA € [0, 4], go(A) = 0 and ¢1(A) = ﬁ. Given that ¢o(A4) =0
VA € [0, A], constraint (2) is never satisfied. Hence, the application of an
adjustment procedure to increase go(A) is required. Given that ¢1(A) > 0
VA € [0, A], Procedure 1, the most efficient procedure, can be implemented
across A-values. Procedure 1 starts from the lowest values of A. The so-
cial planner increases go(A) and reduces ¢;(A) while keeping the victim’s
incentive-compatibility constraint (1) satisfied as an equality. The proce-
dure continues until the liable injurer’s incentive-compatibility constraint
(2) is satisfied as an equality. If the liable injurer’s incentive-compatibility
constraint is still not satisfied after exhausting the implementation of Pro-
cedure 1, then Procedure 2 should be implemented.

Claim 4 in Appendix A shows that, Vp € (0,1), go(4) = (ﬁ)}% <
1 < A< A°A). By Claim 5, A > A%p) <= p > p’. By Claim
6, qgo(4) = (&)fiv < 1VA €[0,A] if p < p°. Therefore, to satisfy the
feasibility constraint go(A) < 1, Procedure 1 can be exhausted VA € [0, A]

only when p < pY. The next corollary summarizes this result.

Corollary 3. When p < p°, the application of Procedure 1 can be ex-
hausted YA € [0, A]. When p > p°, the implementation of Procedure 1 can
be ezhausted only VA € [0, A°(p)].

28For brevity, the main text of the paper only includes the propositions. The lemmas

and claims are included in Appendix A.
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3.4.1 p-Segments

This section shows that the optimal production of evidence depends on the
probability of liable injurers p. Specifically, it demonstrates that there are
three p-segments in Environment 1 that differ in the application of the ad-
justment procedures, and hence, in the optimal probabilities of investigation:
p-Segment 1 where p € (0,p], p-Segment 2.1 where p € (p, p] and p-Segment
2.2 where p € (p,1). Proposition 5 identifies a sufficient condition for the ex-
istence of these three p-segments in Environment 1. Define § = max4{g(A)}

and g = ming{g(4)}.

Proposition 5. Suppose Co(A) > C1(A) VA € (0, 4], Cp(0) > C1(0)
andp € (0,1). If g < 2g, then there are three mutually-exclusive p-segments:
p-Segment 1 where p € (0,p|, p-Segment 2.1 where p € (p, p], and p-Segment
2.2 where p € (p,1).

Next, we provide an intuitive discussion. Formal analysis is presented in

Appendix A.

p-Segments 1 and 2

We first characterize p and demonstrate that p € (0, 1) is divided into two
main segments: p-Segment 1 where p € (0,p] and p-Segment 2 where p €
(B, 1).

The interim probabilities of investigation are: Vp € (0,1) and VA € [0, 4],
qgo(A) = 0 and ¢1(A) = ﬁ.
Procedure 1. The maximal increase in ¢o(A) while reducing ¢; (A4) such that

Consider an injurer of type A and apply

the victim’s incentive-compatibility constraint (1) is satisfied as an equality
corresponds to ¢1(A) = 0. Using equality (3), the corresponding go(A) is
_ A
q0(A) = (1%,));*~
Define p as the p-value such that, after exhausting the application of
Procedure 1 across A-values, i.e., after reducing q; (A) to zero VA € [0, A], the
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liable injurer’s incentive-compatibility constraint evaluated at the adjusted

interim probabilities of verification is satisfied as an equality:

/OA Ag(A)dA = /OA (5 fﬁ)ﬁ/g(A)dA, (5)

which can be rewritten as:

/A Ag(A)dA = 7 (L) ! Ag(A)dA.
0 0

v \1-p
Hence,
R i
b= Wa
where 0 < % < 1. Proposition 5 shows that p < p°. Claim 6 shows

that the feasibility constraint go(A4) = (ﬁ)fiv < 1 holds Vp € (0,p] and
VA € [0, A].

p-Segments 2.1 and 2.2

We now characterize p and demonstrate that p-Segment 2, p € (p, 1), is
divided into two segments: p-Segment 2.1 where p € (p,p] and p-Segment
2.2 where p € (p, 1).

Suppose p € (p,1). By Claim 6, when p € (p,p°], after exhausting
Procedure 1 VA € [0, A], the feasibility constraint for go(A) = (ﬁ)% <1
holds VA € [0,A]. By Claim 4, when p € (p°, 1), after exhausting the
application of Procedure 1, the feasibility constraint ¢o(A4) = (ﬁ)fi <1
only holds when A < A°(p). Hence, Procedure 1 can be exhausted only
VA € [0, A%(p)].

Define p as the p-value such that, after exhausting the application of
Procedure 1 for A € [0, A%(p)], the liable injurer’s incentive-compatibility
constraint evaluated at the adjusted interim probabilities of investigation is
satisfied as an equality, where A%(p) = (%) g

A

/OA Ag(A)dA = 1 [/OAO@ (1%_15) Lg(A)aa + /Ao@ Og(A)dA} 0
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Lemma 5 shows that there exists a unique A°(p) such that 0 < A%(p) < A,
and there exists a unique p such that p° < p < 1 VA € [0, A]. The next

corollary summarizes the order relationship of p, p and p°.

Corollary 4. 0 <p<p’ <p<1VAe€[0,A4].

3.4.2 Optimal Probabilities of Investigation
p-Segment 1

Suppose p € (0, p]. We show that Procedures 1 and 2 should be applied. Con-
sider first the application of Procedure 1. Given that p < p, the feasibility
constraint of go(A) < 1 still holds when the implementation of Procedure
1 is exhausted VA € [0, A]. After exhausting the application of Procedure
1 across A € [0, 4], the adjusted interim probabilities of verification are
q0(A4) = (ﬁ)fi‘, < 1 and ¢1(A) = 0. At the adjusted interim probabilities

of verification,

/OA Ag(A)dA > f! /OA (&)ﬁ/g(A)dA,

by the definition of p and (?) > 0. Therefore, Procedure 2 should be

also application. Remember that Procedure 2 consists of increasing go(A)

without reducing ¢; (4) until the liable injurer’s incentive-compatibility con-
straint is satisfied as an equality. By the feasibility constraint for go(A),
the highest value for ¢o(A4) is 1. Starting at the lowest values of A, the
social planner increases qo(A) to 1 for A € [0, A'(p)], where Al(p) is the
A-threshold such that the liable injurer’s incentive-compatibility constraint

holds as an equality:

/OAAg(A)dAFMAl(p)1g(A)dA+/:(p)< L >fvg dA}
)

Lemma 4 verifies that there exists a unique A'(p) and that Al(p) < A.
Lemma 4 also verifies that there exists a unique A*(p) and that A(p) = 0.
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Therefore, when p = p,

/0 " Agayia = /0 ’ (=) ﬁg(A)dA,

which is aligned with the definition of p.

Hence, the optimal production of evidence in p-Segment 1 involves the
following optimal probabilities of investigation. For A € [0, A*(p)], qo(A4) =1
and q(A) = 0. For A € (A(p), 4], qo(A) = (%)% < 1and ¢1(A) =0,
where A!(p) is determined implicitly by the liable injurer’s incentive compati-
bility constraint (2) written as an equality, fOA Ag(A)dA = f1[ OAl(p) g(A)dA+
fjl ® (ﬁ) fivg(A)dA}. The optimal social welfare loss for p-Segment 1 is:

SWL' = H+E[C(A)]' 4+ 0E[n(A)] + AE[¢(A)] =
A
_ /O Ag(A)dA + (1 — p)x

XUOAl(p) cO(A)g(A)dA+/:(p) <1fp> ;/CO(A)g(A)dA +0+0.

p-Segment 2.1

Suppose p € (p,p], where p < p° < p. Two cases are possible. Suppose first
that p € (p,p°]. By Claim 5, if p < p°, then A < A%(p). Therefore, the
feasibility constraint go(A) < 1 holds when the implementation of Procedure
1 is exhausted VA € [0, A]. We show that only Procedure 1 should be applied

and the application of Procedure 1 should not be exhausted VA € [0, A].
(%)
the application of Procedure 1 VA € [0, A], the liable injurer’s incentive-

Given that p > p, by the definition of p and by > 0, after exhausting

compatibility constraint is:

/OA Ag(A)dA < fT /OA (&)ﬁg(A)dA.
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Therefore, Procedure 1 should be exhausted only for A € [0, A%1(p)], where
A21(p) corresponds to A-threshold such that the liable injurer’s incentive-

compatibility constraint holds as an equality:

/0 ! Ag(A)dA = T [ /0 e (fp) Jflvg(A)dA * /Ajup) Og(A)dA] O

Lemma 5 verifies that there exists a unique A%!(p) and that 0 < A%1(p) < A.
Suppose now that p € (p°,p]. By Claim 5, if p > p°, then A > A%(p).
Therefore, the feasibility constraint for go(A) holds when the implementation
of Procedure 1 is exhausted only for A € [0, A°(p)]. Lemma 5 also verifies
that there exists a unique A%!(p) < A°(p) and that 0 < A%1(p) < A.
Hence, the optimal production of evidence in p-Segment 2.1. involves
the following optimal probabilities of investigations. For A € [0, A%1(p)],
@(A4) = (%)% and q1(A) = 0. For A € (A%Y(p), 4], q(A) = 0 and
q1(A) = ﬁ < 1, where A%!(p) is determined implicitly by the liable
injurer’s incentive compatibility constraint (2) written as an equality,
fOA Ag(A)dA = f! fOAZ‘l(p) (f%p)fivg(A)dA. The optimal social welfare loss
for p-Segment 2.1 is:

SWI' = H + E[C(A)*! + 0E[n(A)] + AB[E(4)] =

A AP o N A
:/O Ag(A)dA+(1—p)/0 (1_p>fVCO(A)g(A)dA+

A

A

+p/ <>c A)g(A)dA+ 0+ 0.
aray \FV + A 1(A)g(A)

p-Segment 2.2

Suppose p € (p,1). Given that p > p°, A > A%(p), by Claim 5. Therefore,

the feasibility constraint for go(4) = (1£5) fi‘, < 1 holds when the applica-

tion of Procedure 1 is exhausted only for A € [0, A°(p)]. Lemma 6 shows
that, after exhausting the application of Procedure 1 for A € [0, A°], the
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liable injurer’s incentive-compatibility constraint is still not satisfied:

[ astans 7 [ [T (225 ) Fvonas o otria]

Therefore, the social planner should apply Procedure 1 by increasing go(A) to
W to A > A%(p). Lemma 6 also shows that
this adjustments should be applied VA € (4%(p), A%2(p)], where A%2(p) cor-
responds to the A-threshold such that the liable injurer’s incentive-compatibility

1 and reducing g1 (A) to 1 —

constraint is satisfied as an equality:

/0 ! Ag(A)dA =

- A°(p) A A%2(p) A
_ 7l _P )2 (4) A A)dA AdA]
i [/ (lp)fvm ) */W 19(4) */,42.2(,,)0“ )
(10)

Finally, Lemma 6 verifies that there exists a unique A%?(p) such that A°%(p) <
A%2(p) < A.

Hence, the optimal production of evidence in p-Segment 2.2. involves the
following optimal probabilities investigation. For A € [0, A%(p)], qo(A4) =
(£25) 4 and qi(4) = 0. For A € (A%(p), A>2(p)], qo(A) = 1 and q1(4) =

o ~
1 — oy For A € (A22(p), 4], qo(4) = 0 and ¢1(4) = 55,
A%2(p) is determined implicitly by the hable injurer’s incentive-compatibility
constraint (2) written as an equality, fo Ag(A)dA = fl[ A%) (& p) v g(A)dA+

fﬁ;:)(p) g(A)dA] and A°(p) = (%)f_v The optimal social welfare loss for
p-Segment 2.2 is:

where

SWIL*? = H +E[C(A)]*? + 0E[n(A)] + AE[E(A)] =
_ /A Ag(A)dA + (1 — p)x
0

o AW( L) s Coaataia+ [ T o Argtanaa]

A°(p)
31



Table 1: Optimal Production of Evidence — Environment 1

p-Segment A-Segment Optimal go(A)  Optimal ¢1(A)

p-Segment 1 A € [0, Al(p)] 1 0

p € (0,7] A€ (A(p), 4] (i) #v 0

p-Segment 2.1 A €[0,A%1(p)] (%)fi‘, 0

P € (5,7] A€ (A% (p), A] 0 e

p-Segment 2.2 A € [0, A%(p)] (%) fiv 0

e @) A€ (A(p), 422 (p)] 1 L— b
A€ (A%2(p), 4] 0 A

+p{ /AA(p)(") {1 - p(fjiA)} C1(A)g(A)dA+

A A
’ /A“(p) <fV+A> Cl(A)g(A)dA} +0+0.

Table 1 summarizes the optimal production of evidence in Environment 1.
In contrast to the American civil justice system where evidence is produced
in every filed case, and hence society’s resources are diverted from productive
activities to the costly production of evidence in every legal case, our analysis
suggests that the optimal production of evidence involves just a subset of
legal cases.

When the probability of liable injurers is sufficiently low (p < p), the
victim’s gains from misreporting are low. Therefore, the production of evi-
dence just in legal cases where the injurer reports to be non-liable suffices to
incentivize the victim and the liable injurer to truthfully report their types.
When probability of liable injurers is sufficiently high (p > p), the victim’s
gains from misreporting are high, and these gains increase with the reported
damages. If the victim untruthfully reports relatively low damages, then the
gains from misreporting are lower. Therefore, the production of evidence
just in legal cases where the injurer reports to be non-liable suffices to in-

centivize the victim and the liable injurer to truthfully report their types.
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If the victim untruthfully reports relatively high damages, the gains from
misreporting are higher. Given that the victim receives compensation only
from a liable injurer only, the production of evidence just in the legal cases
where the injurer reports to be liable suffices to incentivize the victim to
truthfully report her type. In addition, given that the legal cases where the
injurer reports to be non-liable are investigated if the victim reports low
damages, the resulting aggregate probability of investigation also suffices to
incentivize the liable injurer to truthfully report his type because the injurer

does not know the victim’s type.

3.5 An Illustration: Uniform Distribution of Damages

A simple example using a uniform distribution of damages illustrates the
results for the benchmark model. We focus on Environment 1, p-Segment
2.1 where p € (p,p].2° Appendix B presents formal analysis of the model
with a uniform distribution of damages and discusses the numerical example.
Suppose that the victim’s damage types A are uniformly distributed on
the interval [0, A, where g(A) = 2 VA € [0, 4], G(A) = 4, and [.* Ag(A)dA =

A
2. The relevant threshold A% (p) and p can be explicitly defined: A% (p) =
Ay 4=pt” and, p = rr Suppose that the cost of producing evidence

pfr FViT+Az
functions are Co(A) = Cy + cpA and C1(A) = C; + 1 A, where C; > 0
and ¢; > 0 (i = 0,1) are constants. The set of exogenous parameters is:
{Cy, C1,co,c1, fV, 1, A, p} = {1528,690,0.3,0.01, 1800, 3600, 1200, 0.45}. The
condition for Environment 1 becomes Cy(A) = 1528 +0.3A4 > 690+ 0.01A4 =
C1(A) VA € [0,1200].%°
Table 3 summarizes our results. Intuitively, in a state of the world where
the cost of producing evidence in legal cases where the injurer reports to be

non-liable and the victim reports damages A € [0,1200] is greater than or

298ee Appendix B for an example of Environment 2, p-Segment 2 where p € (p°, 1].
30 After simplification, —838 < 0.294 VA € [0, 1200].
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Table 3: Numerical Example — Optimal Production of Evidence

Environment p-Segment  A-Segment  Optimal go(A)®  Optimal g1 (A)?
Environment 1 (0.33,0.82] [0,938] go(A) =0.213 q1(A)=0
(p-Segment 2.1) (938,1200] g0(A) =0 q1(A) =0.373

Note: ®For each A-segment, go(A) and g1 (A) are evaluated at the average A-value; p =
0.45 is used.

equal to the cost of producing evidence in legal cases where the injurer reports
to be liable and the victim reports damages A € [0,1200], Environment 1
emerges. Evidence might be produced only in legal cases where the injurer
reports to be non-liable and the victim reports sufficiently low damages (A <
938). Evidence might be also produced in legal cases where the injurer
reports to be liable if the victim reports sufficiently high damages (A >
938). The expected harm from an accident, equal to the expected victim’s

@ = 600. The optimal expected cost of producing

damages, is H =
evidence for p-Segment 2.1 is E[C(A)]?>! = 343, the optimal expected cost
from the infringement of the victim’s right of access to justice is 6E[n(A)] =0
and the optimal expected cost from the infringement of the right of the
victims confronting liable injurers to be fully compensated is AE[{(A)] = 0.

Hence, SWIL?*1 = 943.

Our findings regarding the optimal production of evidence suggest that,
under the optimal direct-revelation mechanism, the victims always partici-
pate in the mechanism, E[n(A)] = 0, the victims and the injurers truthfully
reveal their types, the victims confronting liable injurers are fully compen-
sated, E[{(A)] = 0, and the expected cost of producing evidence E[C(A)] is
minimal. In other words, the social planner achieves the goal of providing
access to justice to the victims and restoring the welfare of the victims con-
fronting liable injurers at the minimum expected cost of producing evidence.
It is worth noting that, in contrast to the inefficient production of evidence

in real-life settings, the truthful revelation of private information requires
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the production of evidence only in a subset of the legal cases.

3.6 Application in Real-World Settings: Tort Reform

This section demonstrates that the proposed optimal mechanism has real-
world applications and significant policy implications. Consider a tort reform
consisting of adding a first stage, an “Information-Revelation Stage” to the
current civil litigation procedures. We model this environment by adding
this first stage to a standard model of litigation.

Consider the following game with two-sided incomplete information and
three Bayesian risk-neutral players, a social planner, a plaintiff (victim) and
a defendant (injurer). The sequence of moves is as follows. Nature moves
first and determines the players’ types, given the probabilities distributions
described before, and privately informs the type to each player. The types
are independently distributed, and the distributions are commonly known.
Then, the Information-Revelation Stage starts. In this stage, the social
planner chooses a direct-revelation mechanism involving incentives to the
(potential) plaintiff to file a lawsuit (initiate the mechanism by deciding to
participate) and incentives to the plaintiff and the defendant to truthfully
report their types, i.e., the social planner chooses a direct-revelation mecha-
nism with a truth-telling equilibrium. As in the benchmark model, the social
planner produces evidence to verify the reports with probabilities go(A) and
q1(A4). Cp(A) and C1(A) denote the cost of producing evidence. We assume
that Cy(A) > C1(A),3 and that the social planner pays the cost of produc-
ing evidence.?> The social planner imposes fine f* € [0, f{] (i = P,D) in
case of misreporting.

The social planner then informs the reported types to the plaintiff and

31This environment corresponds to Environment 1 of the benchmark model.
320ur qualitative findings also hold when the plaintiff and the defendant pay the cost

of producing evidence.
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the defendant, and a standard two-stage litigation game starts. The plaintiff
makes a take-it-or-leave-it settlement offer S to the defendant, and after
observing the offer, the defendant decides whether to accept or reject it.
In case of acceptance, the legal case is settled out of court; otherwise, a
costly trial occurs. We assume that each party pays her own litigation costs,
K'>0 (i=P,D), and that f* <WF — K and fP <WP — (A+ KP).3?
Compensation to the plaintiff is granted only when the defendant is liable.
Next, we show that a direct-revelation mechanism with a truth-telling
equilibrium exists, and that this mechanism is the same as the optimal direct-

revelation mechanism of the benchmark model.

3.6.1 Litigation Game

Consider the equilibrium strategies of a litigation game of complete infor-
mation. At trial, the plaintiff of type A gets compensation A only when the
defendant is liable. Given that each party pays their own litigation cost,
KV and KT, the plaintiff gets payoff A — KV when the defendant is liable,
and —K" when the defendant is non-liable; and, the defendant gets payoff
—(A+ KT) when he is liable, and, — K! when he is non-liable. Consider now
the pretrial bargaining negotiations. In equilibrium, the plaintiff of type A
makes pretrial settlement offer S = A + K to the liable defendant, an offer
S = K to the non-liable defendant; and, both types of defendants accept

the offer. Hence, out-of-court settlement is achieved with certainty.
3.6.2 Direct-Revelation Mechanism with Truth-Telling Equilib-
rium

We show now that the social planner’s problem, objective function and con-

straints, is the same as the benchmark model. As a result, in equilibrium,

33These assumptions ensure that the defendant is not judgement proof, and the plaintiff

has sufficient financial resources to pay her own litigation costs.
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the social planner chooses a direct-revelation mechanism with a truth-telling
equilibrium that is the same as the optimal mechanism of the benchmark
model.

Note first that, as in the benchmark model, the goal of the social planner
in this game-theoretic environment is to minimize the social welfare loss
associated with an accident by providing access to justice to the victims
and maximal compensation to the victims confronting liable injurers at the
minimum expected cost of producing evidence.

Second, we show that the relevant constraints are the same as in the
benchmark model. The plaintiff’s individual rationality (participation) con-
straint is VA € [0, A], p(A + KT) > 0, which is trivially satisfied VA € [0, A].
The plaintiff’s incentive-compatibility constraint is as follows. Given that
the plaintiff of type zero will have the strongest gain from misreporting, it
suffices to evaluate her incentives. When the plaintiff truthfully reveals her
type, her expected payoff is K. When she misreport her type, her expected
payoft is [p(1 — ¢1(A4))A] = {[pai(A) + (1 = p)go(A)]f"} + K. Hence, the
plaintiff’s incentive-compatibility constraint is [p(1 — ¢1(4))A4] — {[pa1 (A4) +
(1—p)go(A)]fV} + KT < K!. After simplification,

[pq1(A) + (1 = p)go(A)]FY > p(1 — q1(A))A, (1)

which is the same as in the benchmark model. The liable defendant’s incentive-
compatibility constraint is as follows. When the liable defendant truthfully
reports his type, his expected loss is fOA Ag(A)dA + K'. When he misre-
ports his type, his expected loss is f! fOA qo(A)g(A)dA + K. Hence, the
liable defendant’s incentive-compatibility constraint is fOA Ag(A)dA+ K <
fr fOA q0(A)g(A)dA + KT. After simplification,

A A
/ Ag(A)dA < J! / d0(A)g(A)dA, ()
0 0

which is the same as in the benchmark model. Finally, the non-liable defen-

dant’s incentive-compatibility constraint is —K’ >
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> { fOA [(1—qi(A)A+ q(A)f] g(A)dA+KI}. After simplification, 0 >

- fOA [(1—qi(A)A+qi(A)f] g(A)dA, which is the same as in the bench-
mark model, and is trivially satisfied VA € [0, A] and Vf! € [0, ff]. Therefore,
as in the benchmark model, the relevant constraints are constraint (1) and
(2).

Hence, the social planner’s problem consists of choosing the probabilities
of investigation go(A) and ¢1(A) that minimize the expected cost of produc-
ing evidence subject to the victim’s incentive-compatibility constraint (1)
and the liable injurer’s incentive-compatibility constraint (2). Given that
the social planner’s problem is the same as in the benchmark model, the
equilibrium probabilities of investigation go(A) and g1 (A) correspond to the

optimal mechanism of the benchmark model.

Our previous analysis demonstrates that the optimal mechanism of the
benchmark model has real-world applications and hence, significant policy
implications. Under the proposed tort reform, perfect revelation of private
information is achieved by producing evidence on just a subset of legal cases.
In equilibrium, all cases are settled out of court and hence, the likelihood of

trial and the corresponding litigation cost are minimized.

4 Optimal Civil Justice Design with Endoge-

nous Cost Allocation

We extend our benchmark model by endogenizing the allocation of the cost
of producing evidence between the victim and the injurer. In contrast to the
previous literature on civil justice, we characterize the optimal cost-allocation
rule under an optimal production of evidence. Our analysis demonstrates
that the key insights of the benchmark model regarding the optimal produc-

tion of evidence extend to this setting. We also derive important new insights
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regarding the role of the cost of producing evidence and the society’s con-
cern about restoring the victim’s welfare on the optimal cost allocation. Our
findings suggest that the cost-allocation rule applied in the American civil
justice system, where each party pays his own cost of producing evidence, is
not always the socially-optimal cost-allocation rule.

Our benchmark framework assumes that the social planner pays the cost
of producing evidence. We assume now that the victim and the injurer
might pay a share of the cost of producing evidence. Denote «; such that
0 < a; <1 as the victim’s share of C;(A) (i = 0,1). We also assume that
W > max{Cy(A), A+ C1(A)} and WV > max{Cy(A),C1(A)}.>* All the
other assumptions of the benchmark model hold here.

The next sections outline the main steps in the characterization of the
optimal production of evidence ¢;(A4) and the optimal allocation of the cost
of producing evidence a; (i = 0,1).35 The proof of the main Proposition
(Proposition 12) is presented in Appendix A. Formal analysis of the optimal
mechanism and additional proofs are included in Appendix C. Description

of the numerical example is presented in Appendix D.36

4.1 Players’ Constraints

As in the benchmark model, the victim’s incentive-compatibility constraint,
VA, A €0, 4],

p(A —a1q1(A)C1(A4)) — (1 = p)aogo(A)Co(A) >

34The first assumption indicates that although the injurer has limited financial resources,
his financial resources suffice to pay the cost of evidence production and to compensate the
victim, i.e., he is not judgment proof. The second assumption indicates that although the
victim has limited financial resources, her financial resources suffice to pay the evidence
production cost, i.e., she is not judgment proof.

35 Although ¢;(A, ap, 1) (i = 0, 1), to simplify notation, we use g;(A) (i = 0,1) across
sections.

36For brevity, the main text of the paper only includes the main proposition.
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> p(1 = qi(A)A" — [par(A) + (1 = p)ao(A)] ¥

and the liable injurer’s incentive-compatibility constraint

A A A
/ Ag(A)dA+ (1 - al)/ 71 (A)C1(A)g(A)dA < f’/ q0(A)g(A)dA
0 0 0

are not trivially satisfied. In contrast to the benchmark model, the victim’s

individual rationality constraint, YA € [0, A],
pA — [pai1qi(A)C1(A) + (1 = p)aogo(A)Co(A)] > 0

and the non-liable injurer’s incentive-compatibility constraint

i A B
(1-a0) [ aACoAg(AaA < [ 10 - (4D A + (A Flg( )i
0 0

are also not trivially satisfied.

4.2 Social Planner’s Civil Justice Design Problem

Given that now the victim might share the cost of producing evidence,
E[¢(A)] = pfOA 01q1(A)C1(A)g(A)dA > 0. It represents the expected in-
fringement of the right of the victims confronting liable injurers to be fully
compensated or the victims’ expected undercompensation.

The social planner’s problem is to minimize the SW L function by choos-
ing the optimal production of evidence ¢;(A) and the optimal allocation
of the cost of producing evidence «; (i = 0,1), subject to the victim’s
incentive-compatibility constraint, the victim’s individual-rationality con-
straint, the liable injurer’s incentive-compatibility constraint, the non-liable
injurer’s incentive-compatibility constraint, and the feasibility constraints
0<¢g(A)<land0<q; <1 (i=0,1).

Note first, the term H is exogenous. Second, given that the victims con-
fronting liable injurers might pay a share of the cost of producing evidence,

they might not be fully compensated and their welfare might not be totally
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restored, i.e., E[¢(A)] > 0. Third, given that the victim’s individual ratio-
nality constraint is not trivially satisfied, some victims might decide not to

participate, i.e., E[n(A4)] > 0. Therefore, the social planner’s problem is:

qo(A,a0,01),q1 (A,00,01),x0,01 0

A
min { / [par(A)C1(A) + (1 - p)ao(A)Co(A)] g(A)dA+

A A
s [ atagaaasp [ a1q1<A>cl<A>g<A>dA}

subject to the victim’s incentive-compatibility constraint, the victim’s individual-
rationality constraint, the liable injurer’s incentive-compatibility constraint,
the non-liable injurer’s incentive-compatibility constraint, and the feasibility
constraints 0 < ¢;(4) < 1land 0 < «; <1 (i =0,1). Importantly, in the
optimal mechanism, by ensuring that the victim’s individual-rationality con-
straint is satisfied, the victims will fully participate in the legal system and
get access to justice and 7(A) will be zero VA € [0, A]. By also ensuring that
the victim’s share of the cost of producing evidence a7 is optimal, maximal
compensation to the victims confronting liable injurers will be ensured in
the optimal mechanism. Hence, the main goal of the civil justice system of
access to justice and maximal compensation to the victims confronting liable

injurers is achieved at the minimum cost of producing evidence.

The methodology proposed in the benchmark model can be extended to
accommodate this more complex framework. The characterization of the
optimal production of evidence gyo(A) and ¢;(A) and the optimal allocation
of the cost of producing evidence g and «; now requires a five-step proce-
dure. In the first four steps, presented in Appendix C, we characterize the
interim probabilities of investigation taking the shares of the cost of produc-
ing evidence as given but including the feasibility constraints 0 < a; < 1
(i =10,1). In the fifth step, presented in the next section, we use the interim

probabilities of investigation to characterize the optimal probabilities of in-
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vestigation and the optimal shares of the cost of producing evidence.?” Our
findings suggest that, in addition to the cost of producing evidence and the
probability of liable injurers, the optimal mechanism also depends on the

society’s concern about restoring the victim’s welfare A.

4.3 Optimal Cost Allocation and Optimal Production

of Evidence

We characterize the optimal cost allocation and the optimal production of
evidence. Our focus is on Environment 1, p-Segment 2.1.3% We first char-
acterize the optimal cost allocation, i.e., the optimal «; (i = 0,1). We then
characterize the optimal production of evidence by evaluating A**(p, o) at
the optimal ;. The next corollary summarizes the interim probabilities of
investigation obtained in Steps 1-4, and underscores that only o affects the

interim probabilities of investigation.

Corollary 6. Suppose Co(A) > C1(A)(1+ A) YA € (0,4], Co(0) >
C1(0)(1 + A) and p € (p,p]. The interim probabilities of investigation are
as follows. For A € [0, A>Y(p,o1)], qo(A) = (&) +#- and qi(A) = 0. For

1-p/)jV
A€ (A% (p,a1), A], go(A) =0 and q1(A) = ﬁ < 1. A%Y(p, ;) is deter-

mained implicitly by th§ ltable injurer’s incentive compatibility constraint writ-
ten as an equality, fOA Ag(A)dA + (1 — ay) f;-l(p,al) ﬁcl (A)g(A)dA =
— A2.l ,
f[fo (pal)(%)fi‘,g(A)dA.

Given that the victim’s individual-rationality constraint is satisfied at the
interim probabilities of investigation Yo, (i = 0,1), 6E[n(A)] = 0. There-
fore, the function E[C(A)] + 0E[n(A)] + AE[£(A)], evaluated at the interim

37Given that this is a linear-programming problem, the order on the analysis of con-

straints does not affect the characterization of the optimal instruments.
38The analysis of the optimal mechanisms for the other two p-segments of Environment

1 and for Environment 2 is available from the authors upon request.
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probabilities of investigation becomes:

E[C(A)] + AE[¢(A)] =

) [p/f:lpan(f iA)Cl( Jg(A)dA+

+(1-p) /OA- Wl)( P );:,CO(A)g(A)dA}Jr

A

A

od [ a5 )t
A2-1(p,a1) fV +A

where A%1(p, ) is implicitly defined by the liable injurer’s incentive-compatibility

constraint holding as an equality:

/OA Ag(A)dA + (1 ar) /AA(W) (JWiLL)Cl(A)g(A)dA -

AP (p,an) A
T p
f /0 (lp) JFVg(A)dA.

After simplification,

E[C(A)] + AE[£(A)] =

=p(1+Aa1)Ajlpal) (f ‘iA>cl(A)g(A)dA+

A (pan) 4
+p/ v —Co(A)g(A)dA.
0
Given that the E[C(A)] + AE[{(A)] does not depend on ag, any o € [0, 1]

is optimal. Therefore, the social planner’s problem is reduced to:

min {E[C(A)] + AE[£(A)]}.

a16[0,1]

The characterization of the optimal «y involves several steps. We outline
the main steps here. The proof of Proposition 13 in Appendix A provides

formal analysis.
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Although A2%! is a function of p and ay, i.e., A%!(p, 1), to simplify the
notation, we use A%! in (most parts of) the analysis, and denote E[C(A)] +
AE[E(A)] as S.

95 _
aal o
A4
= ———C1(A)g(A)dAx
v [ Gl
A2 - C'O(A2 1) A2 1+1fV Cl(Az'l) + A(ﬁL]H %Cl(A?I))
X 2.1
%1% I+(1—041)A21+fV01(A21)

Proposition 13 shows that the sign of 86751 is ambiguous and depends on A.
In other words, any sufficient conditions that solve this ambiguity should
include A.

We use the function A°(a), defined as the A-function that results from

equatmg to Zero,

AZICO(Azl) A2 1+fvcl(A21)

2.1 2.1
IL}’V f%p I+ A2Al+fVCI(A2 1)

A%(ar) =

)

to find sufficient conditions on A such that the ambiguity of the sign of 8S
£ AN (1) |

is solved. Next, we need to evaluate the sign of =2

OA%(ay)  OA%(ay) DA
dor  OAZL da;

a()

< 0. Proposition 12 shows that the sign of
£ 8A (al)

where 2 is ambiguous,

and therefore, the sign o is also ambiguous. Hence additional suf-
ficient conditions are requlred We show that when 8C1( ) > pu VA €0, 4],
83A(2u11) < 0 and hence, BAT((“) > 0; when acl(A) < i VA € o, A} BQAE"?) >

0 and hence, M < 0; and, when 801(A = VA €0,4], N (1) _ 0

dax oAzl
0 L=
and hence, MT(;?I) = 0.39 To complete the analysis, we show that gj{l > 0,

and define the A-thresholds A° = max,, A°(a;) and A° = min,, A%(a;).

39, represents a threshold for %, and is formally characterized in Proposition 12.
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We can now characterize the three main mutually-exclusive A-segments,
Cases 1-3, and the optimal a; for each case. (1) Case 1: If A < A°, then
A < A%ay) Vag € [0,1], by the definition of A°. Therefore 8—51 < 0, by

’ da
the definition of A°(ay) and 35’% > 0. Hence, the optimal a; = 1. (2)
Case 2: If A > A% then A > A%a;) Va; € [0,1], by the definition of A°.
Therefore, 22- > 0, by the definition of A°(a;) and 86“1 > 0. Hence, the
optimal a; = 0. (3) Case 3: If A € [A°, AY], then A < A%ay) for some
ai € [0,1] and/or A > A°(ay) for some a; € [0,1], by the ambiguity of

the sign of %ﬁ”) due to the ambiguity of the sign of 83:(;“11). Hence, we

need to use the additional sufficient conditions on p to solve the ambiguity
of the sign of %jjl) We characterize three mutually-exclusive cases: Case
3(a) where BCI(A) > 1 and hence, BA (al) > 0; Case 3(b) where % <

and hence, 855(:1) < 0; and, Case 3( ) where 808115{4) = pu, and hence,

OA°(a1) _
60(1

when A € (A% A?), there exists an optimal a; € (0,1) for each A € (A”, A?),
ie., ay(A) € (0,1) = argming, e[o,11{S}.*° Proposition 12 summarizes the
41

= 0. Consider, for instance, Case 3(b). Proposition 12 shows that,

optimal cost allocation.

Proposition 12. Suppose Cy(A) > C1(A)(1 + A) VA € (0, 4], Cy(0) >
C1(0)(14+A) and p € (p,p]. The optimal cost allocation is as follows.

1. If A < A°, then any ag € [0,1] and oy = 1 are optimal.
2. If A > A°, then any ap € [0,1] and oy = 0 are optimal.
3. If A € [A°, A%], then three cases are possible.

(a) Suppose 801(‘4 > VA €0, A].

i. If A= A", then any ag € [0,1] and oy = 1 are optimal.

40This case corresponds to 3(b)iii in Proposition 12.
414 represents a threshold for A, and is formally characterized in Proposition 12.
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ii. If A= A°, then any ag € [0,1] and a; = 0 are optimal.
iii. If A € (A%, A%), then two cases are possible.
A If A € (A% A), then any ap € [0,1] and oy = 1 are
optimal.
B. If A € [A,A%), then any aq € [0,1] and ay = 0 are opti-
mal.
(b) Suppose 1(‘4) <u VA€ A.
i. If A=A°, then any og € [0,1] and oy = 1 are optimal.
ii. If A = A°, then any o € [0,1] and a1 = 0 are optimal.
ii. If A € (A°,A°), then any ag € [0,1] and oy (A) € (0,1) are
optimal.
(c) Suppose 801(‘4 = VA €0, 4].
i. If A= A", then any ag € [0,1] and oy = 1 are optimal.
ii. If A= A°, then any oy € [0,1] and a; = 0 are optimal.
iii. If A € (A%, A°), then any ap € [0,1] and any a; € [0,1] are

optimal.

Given that neither E[C'(A)] nor AE[£(A)] depend on ag, any ag € [0,1] is

optimal across cases. Consider now the optimal «;. By Claim 11,

OE[C(A)]
80¢1 <

0 and %ff)” > 0. When A < A° (Case 1), the effect of a; on E[¢(A)]
less than offsets the effect of a; on E[C(A)].#2 Hence, the overall effect of

a1 on S is negative and the optimal a; = 1. intuitively, when the society’s

concern about restoring the welfare of a victim confronting a liable injurer

is sufficiently low, social welfare loss is minimized by allocating the cost

of producing evidence only to the victim, only to the injurer, or to both

the victim and the injurer when the injurer is non-liable (any agy € [0,1]

42Hence, % < 0.
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is optimal), and by allocating the cost of producing evidence only to the
victim when the injurer is liable (ay = 1). Hence, neither the American
rule where each party pays her own cost of producing evidence («; € (0, 1),
i = 0,1) nor the English rule where the victim pays all the cost of producing
evidence when the injurer is non-liable and the injurer pays all the cost of
producing evidence when he is liable (g = 1 and «; = 0) are the optimal
cost-allocation rules. We denote the optimal rule as “Alternative rule.”*3
When A > A° (Case 2), the effect of a; on E[¢(A)] more than offsets the
effect of a; on E[C(A)].4* Hence, the overall effect of a; on S is positive and
the optimal a; = 0. Intuitively, when the society’s concern about restoring
the the welfare of a victim confronting a liable injurer is sufficiently high,
social welfare loss is minimized by allocating the cost of producing evidence
only to the victim, only to the injurer, or to both the victim and the injurer
when the injurer is non-liable (any aq € [0, 1] is optimal), and by allocating
the cost of producing evidence only to the injurer when the injurer is liable
(an = 0). Given that any ag € [0,1] is optimal, the social planner can
allocate the cost of producing evidence only to the victim when the injurer
is not liable (ag = 1). The optimal cost-allocation rule involving g = 1
and a; = 0 resembles the English rule.*> When A € [A%,A%] (Case 3), the
effect of a; on E[¢(A)] less than offsets, more than offsets or is equal to the
effect of a; on E[C(A)].*6 Hence, the overall effect of a; on S is negative,
positive or equal to zero, and the optimal a; = 1 or a3 = 0 or a; € (0,1).
For an illustration of the American rule as the optimal cost-allocation rule
in our framework, consider Case 3(b)iii where A € (A, A°) and %X‘) < .
Proposition 12 shows that, for each A € (A%, A?), the effect of a; on E[¢(A)]

is lower (greater) than the effect of oy on E[C(A)] when « is lower (greater)

43Similar findings apply to Cases 3(a)i, 3(a)iii.A, 3(b)i and 3(c)i of Proposition 12.
44Hence, 22 > 0.

7 da
45Similar findings apply to Cases 3(a)ii, 3(a)iii. B, 3(b)ii, and 3(c)ii of Proposition 12.
46 a8 oS 9S8 _
Hence, ﬁ<0, 87011 >OOI'T&1—O
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than the optimal «;. Hence, the optimal a;(A) € (0,1). Given that any
ap € [0,1] is optimal, the social planner can choose any ag € (0,1). The
optimal cost-allocation rule involving «; € (0,1) (i = 0,1) resembles the
American rule.*”

Important policy implications are derived. Our findings suggest that the
cost of producing evidence and the society’s concern about fully restoring
the victim’s welfare are determinant in the characterization of the optimal
cost-allocation rule. In contrast to previous work on cost-allocation rules in
civil litigation, we find that the English rule is not always the optimal cost-
allocation rule. This result might be explained by the general features of our
framework that allow us to study the design of optimal cost-allocation rules
under an optimal production of evidence. Importantly, our results suggest
that the cost-allocation rule applied in the American civil justice system, the
American rule, is not always the socially-optimal rule. We provide conditions
under which the American, the English rule or the Alternative rule might be

socially optimal.*®

4.4 An Illustration: Uniform Distribution of Damages

A simple example using a uniform distribution of damages illustrates the
results for the model with endogenous cost allocation. We focus on Envi-
ronment 1, p-Segment 2.1 where p € (p,p]. Appendix D presents formal
analysis of the model with a uniform distribution of damages and discusses
the numerical example.

As in Section 4.4, suppose that the victim’s damage types A are uni-
formly distributed on the interval [0, A],*° Suppose also that 41% of Cy(A)

47Similarly, in Case 3(c)iii of Proposition 12, the American rule might be optimal.
48 As in the case of the benchmark model, a tort reform that implements the optimal

mechanism in real-world settings is feasible. Formal analysis and proofs are available from

the authors upon request.
49The relevant thresholds A%!(p, a1) and H(a1) cannot be explicitly defined and hence,
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Table 4: Numerical Example — Optimal Cost Allocation and Optimal Production of

Evidence
A< A A € [A% A9 A > A
Cost Allocation ap =0 ap = 0.41 ag =1
a; =1 a1 = 0.41 a1 =0
(Alternat. Rule) (American Rule) (English Rule)
Prod. of Evidence® A € 1]0,938] A € [0,962] A €1]0,976]
qo(A) = 0.213 go(A) = 0.218 go(A) = 0.222
q1(4) =0 a1(4) =0 a1(4) =0
A € (938,1200] A € (962,1200] A € (976, 1200
qo(A) =0 qo(A) =0 q0(A) =0
q1(A) =0.373 q1(A) =0.371 q1(A) = 0.377
Social Welfare Loss 959.94 962.14 960.06
H 600.00 600.00 600.00
E[C(A)] 342.86 353.59 360.06
OE(n(A)] 0 0 0
AE(E(A)] 17.08 8.55 0

Note: “For each A-segment, go(A) and ¢1(A) are evaluated at the average A-value and

p = 0.45.
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and C1(A) corresponds to the cost of producing evidence associated with
the victim, and 59% of Cy(A) and C1(A) corresponds to the cost of pro-
ducing evidence associated with the injurer.’® The cost of producing ev-
idence functions and the set of exogenous parameters used in Section 5.3
also hold here. In addition, we use three A-values: A € {0.30,0.40,0.50}.
In this numerical example, % < p and therefore, %(?1) < 0. Hence,
A’ = A%a =1)=0.396 and A° = A°(a; = 0) = 0.402. The expected harm
from an accident, equal to the expected victim’s damages, is H = @ = 600
across A-values. Table 4 summarizes the main results. Columns 2, 3 and 4
are constructed using A € {0.30,0.40,0.50}.

Consider Column 2. The state of the world where A = 0.30 < 0.396 =
A° corresponds to Case 1 of Proposition 13 where the optimal aqy € [0,1]
and the optimal a; = 1. Hence, the optimal cost-allocation rule is the
Alternative rule.’! Consider Column 3. The state of the world where A =
0.40 € (0.396,0.402) = (A, A% corresponds to Case 3(b)iii of Proposition
12 where the optimal o € [0,1] and the optimal a;(a1) € (0,1). Given
that A = 0.40, «;(0.40) = 0.41. By assumption, 41% of C;(A) corresponds
to the cost of producing evidence associated with the victim (i = 0,1).
Hence, when the optimal ayg = 0.41 and the optimal a; = 0.41, this cost-
allocation rule corresponds to the American Rule. Consider Column 4. The
state of the world where A = 0.50 > 0.402 = A corresponds to Case 2 of
Proposition 12 where the optimal ag € [0, 1] and the optimal o; = 0. Hence,

when the optimal ap = 1 and the optimal «; = 0, this cost-allocation rule

they can be characterized only numerically. The MATLAB software is used to construct

this numerical example.
50Remember that C;(A) refers to the cost of producing evidence when the injurer reports

type i and the victim reports damages A € [0, A] (i = 0,1), i.e., the cost of producing

evidence for both parties involved in a legal case.
51Given that a1 = 1, the term of the liable injurer’s incentive-compatibility constraint

that depends on a1 cancels out. Hence, the optimal probabilities of investigation presented

in Section 5.3 also hold here.
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corresponds to the English Rule. It is worth notice that when A is sufficiently
high, the welfare of the victims confronting liable injurers is fully restored,

E[g(4)]*! = 0.

In sum, although a framework involving an endogenous allocation of the
cost of producing evidence obviously raises some new and interesting issues,
the main insights derived from our benchmark model, the methodology, and
the implication for the design of optimal civil justice institutions remain
relevant. In contrast to the previous literature, the design of the cost alloca-
tion rule takes into account the optimal production of evidence. Our analysis
demonstrates that the optimal mechanism shares some features present in the
American civil litigation system but also underscores other relevant factors
for the design of optimal civil justice institutions. Our results demonstrate
the robustness of our previous findings and the tractability of our framework

to study complex civil justice institutions.

5 Summary and Conclusions

This paper presents the first application of mechanism design to the design of
the civil justice system. The fundamental goals of the civil justice system and
the optimal production of evidence are considered in our design. The opti-
mal civil justice mechanism minimizes the social welfare loss associated with
an accident by providing access to justice to the victims and maximal com-
pensation to the victims confronting liable injurers at the minimum expected
cost of producing evidence. In contrast to previous work, our comprehen-
sive approach allows us to characterize optimal cost-allocation rules under
an optimal production of evidence. We demonstrate that a tort reform that
implements the optimal mechanism in real-world settings is feasible. The
proposed tort reform consists of adding an “Information-Revelation Stage”

to the current civil litigation procedures. In equilibrium, perfect revelation
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of private information is achieved by producing evidence on just a subset of
legal cases. Out-of-court settlement is achieved with certainty and hence,
the likelihood of trial and the corresponding litigation costs are minimized.

Important policy implications are derived. We show that the optimal
civil litigation mechanisms have features that parallel many of those in the
American civil justice system but also underscores other relevant factors for
the design of optimal civil justice institutions. In contrast to inefficient real-
world civil litigation procedures, under the optimal civil justice mechanism,
full revelation of private information is achieved by producing evidence in
just a subset of legal cases. We show that the cost-allocation rule applied in
the American civil justice system is not always socially optimal.

Additional relevant extension can be investigated. For instance, our
framework can be extended to study the optimal civil justice design under
an endogenous negligence rule (see Landeo and Nikitin, 2024). In this set-
ting, the probability of liable injurers will be endogenous and determined by
the social standard of care and the potential injurers’ care-taking decisions
(precaution) given their precaution-cost types. Our methodology is also ap-
plicable to study this more complex environment. In the optimal civil justice
design, truthful revelation of private information is achieved by investigating
just a subset of legal cases. Importantly, under the optimal negligence rule,
only a subset of potential injurers decide to be negligent. These findings
suggest that our results regarding the optimal production of evidence are
robust, and the assumption regarding liability types is appropriate. This,

and other extensions, remain fruitful areas for future research.
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Appendix A

This Appendix presents the main proofs of propositions and lemmas, the
technical aspects related to the adjustments to the interim probabilities of
investigation, and the formal analysis of Environment 2. (Additional formal
analysis is presented in the Supplementary Material, Appendices B, C, and
D.)

Lemma 1. Suppose p € (0,1). The victim’s incentive-compatibility con-
straint is [pq (A) + (1 = p)ao(A)]f¥ = p(1 — q1(A))A, VA € [0, A].

Proof. By truthfully reporting her type, a victim with type A € [0, 4] gets
pA. No victim has an incentive to report a lower type. When the victim
reports a type A’ > A (A’ € (0, 4]), the victim gets A’ instead of A only
when the injurer is liable and investigation does not occur, and gets zero
compensation and pays fine f¥ when investigation occurs. The victim’s
expected payoff is equal to:

[p(1 = q1(A)) A" + (1 = p)(1 = qo(A"))0] + [pg1 (A")(0) + (1 — p)go(A")(0)]—

~[par(A) + (1 = p)ao (AN Y =
= [p(1 — a1 (A") A~ {[par (A") + (1 = p)go(A)]f},

where the term in brackets represents the expected gains from misreporting,
and the term in curly brackets represents the expected loss from misreport-
ing. Therefore, the incentive-compatibility constraint for a victim with type

A is:
PA > [p(1 — @1 (A) AT = {[pqr(A") + (1 = p)go(A)] S }.

By setting fV € [0, fV] as high as possible, the social planner will spend
less resources on verification. Given that the victim has limited financial
resources, fV = WV. Therefore,

pA = [p(1 = a1 (A)A] = [par (A) + (1 = p)ao(A)] V.
This inequality can be rewritten as:
p(A" = A) < {par (A)A" + [pgi (A) + (1 = p)ao(A")] fV'}.

If this constraint holds for a victim with the lowest type (A = 0), then it
also holds for any A € (0, A]. Therefore, it suffices to consider the victim’s
incentive-compatibility constraint for the lowest damage type: For A = 0
and A" € (0, 4],

pA" < {pgi(A)A" + [pai (A") + (1 = p)ao(A)]FV},
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which can be written as:
0> p(l—aq(A)A —[par(A) + (1 —p)go(AN]fY.

Rearranging terms:

P (A") + (1 = p)ao(A)] ¥ = p(1 — qu(A)) A’

This constraint should hold YA’ € [0,A4]. Hence, the victim’s incentive-
compatibility constraint can be expressed in terms of iA: VA € [0, A],

[pq1(A) + (1 = p)ao(A)]FY > p(1 — q1(A))A. (1)
n

Lemma 2. Suppose p € (0,1). The liable injurer’s incentive-compatibility
constraint is fOA Ag(A)dA < fI fOA qo(A)g(A)dA.

Proof. When a liable injurer truthfully reports his type, the injurer pays
E[A] and gets an expected payoff equal to:

A
~ElA] = - [ Ag(a)ia,

By pretending to be non-liable, a liable I gets an expected payoff equal to:

A
E[(1 — go(A4))(0)] — Elgo(A)f"] = — ! / Go(A)g(A)dA.

Therefore, the liable injurer’s incentive-compatibility constraint is:

A A
- [ agayaaz 11 [ a(a)gaia
0 0

which can be rewritten as:

A A
[ saa< st [ w(agaaa
0 0

By setting f! € [0, f] as high as possible, the social planner will economize
on verification efforts. Given that the injurer has limited financial resources,
fT =W/, Hence, the liable injurer’s incentive-compatibility constraint is:

i A
| astaaa< 7' [ aagiaaa, 2)
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Claim 1. Supposep € (0,1). The victim’s incentive-compatibility constraint
for a victim of type A € [0, A] holds as an equality at the interim probabilities
of investigation 0 < ¢;(A) <1 (i =0,1).

Proof. Suppose p € (0,1). We show by contradiction. The victim’s incentive-
compatibility constraint can be rewritten as (pf¥ +pA)qi (A)+(1—p) fV qo(A) >
pA. Suppose that the constraint holds as a strict inequality, (pf¥ + pA)q +
(1—p)fVqo(A) > pA, and that go(A) and q;(A) are the interim probabilities
of investigation, i.e., they minimize E[C] = pg1 (A)C1(A)+(1—p)go(A)Co(A).
The constraint is not satisfied at go(A) = 0 and ¢;(A) = 0. Hence, at
least one ¢;(A) > 0 (¢ = 0,1). First, suppose that ¢;(A) > 0. It suf-
fices to show that a reduction in ¢; (A) still satisfies the constraint. Define
U= (pf¥ +pA)q(A)+(1—p)fVq(A) — pA > 0. Assume that q;(A) is re-

duced by m. The constraint is now (pf¥ +pA)(q1(A)— m) +

(1-p)fVqo(A) = pA—l-\I/—% = pA—&—% > pA. Hence, a reduction in g (A) still
satisfies the constraint but reduces the expected cost of producing evidence.
Contradiction follows. Second, suppose go(A) > 0. It suffices to show that
a reduction in go(A) still satisfies the constraint. Assume that go(A) is re-

duced by ﬁ. The constraint is now (pfY +pA)q + (1 —p)f¥ (qo(A) —

ﬁ) =pA+ V¥ — % = pA+ % > pA. Hence, a reduction in go(A)
still satisfies the constraint but reduces the expected cost of producing evi-
dence. Contradiction follows. We conclude that the incentive-compatibility
constraint for victim of type A holds as an equality. H

Claim 2. Suppose A = (gégfﬁ — 1)fv and p € (0,1). The optimal mecha-

nism is not unique for every p-value when p > fvfijr/f,
Proof.

1. We identify the set of interim probabilities of investigation. The maxi-
mal go(A) and ¢1(A) such that (3) is satisfied are obtained by evaluat-
ing (3) at ¢1(A) = 0 and ¢go(A) = 0, respectively. The interim probabil-
s . . . A A
ities of investigation are go(A) € [0, (J;p)fiV] and ¢1(A) € [0, W]'

2. We show that the optimal mechanism is not unique for every p when

P>
TV
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We structure the continuum of go(A) and ¢1(A)as follows. We know

that g1 (A) € [0, ﬁ]. Define ¢ = % such that ¢ € [0,1]. Hence,

¢1(A) = wﬁ7 and any value of 6'[0, 1] corresponds to a value of
q1(A) consistent with the set of interim ¢; (A).

Given constraint (3),

pA PV A A pA
TV G- A — a7

q0(A) =

When ¢ = 1, the interim probabilities of investigation are the same
as the ones in the case where A > (g;g’:g — 1)fv When ¢ = 0,
the interim probabilities of investigation are the same as the ones in
the case where A < (gég’:g —1)fY. When ¢ € (0,1), the interim

probabilities of investigation correspond to the ones that satisfy (3)
and the feasibility constraints.

It is simple to show that for p € (0, p], the optimal mechanism is unique
for each p. Specifically, go(A) and ¢;(A) are the same as the ones for

the cases where A > (g;gﬁg — l)fv and A < (g;gfx% — 1)fv Take

the case of p = % The optimal mechanism is unique for this p-
value: qo(A) = # and ¢;(A) = 0 VA € [0, A]. The liable injurer’s
incentive-compatibility constraint is satisfied as equality:

4 _ I A pA
/0 Ag(A)dA = f /0 (17p)fvg(A)dA.

Consider p = + ¢, where € > 0, a small number. If an adjust-

J?V
FV+IT
ment VA € [0, A, consisting of increasing ¢o(A) and decreasing ¢ (A)
such that the liable injurer’s incentive-compatibility constraint while
keeping the victim’s incentive-compatibility holding as an equality, is
implemented, the liable injurer’s incentive-compatibility constraint is:

A A A
/O Ag(A)dA<f1/0 Wg(A)dA
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Hence, the adjustment should be implemented only for A € [0, A*],
where A* is determined by the incentive-compatibility constraint writ-

\%4
ten as an equality for p = # + e

A
/ Ag(A)dA =
0

1-p) A (L=p)fY

In the optimal mechanism, go(A) = (ﬁ)fi and ¢1(A) =0 for A €

0, A%]; qo(A) = (25) A-(1 — 1) and u(A) = Y52 for A€ (A%, A,

1-p
Therefore, each 1-value generates an optimal mechanism. Given that
there are infinitely many -values (¢ € [0, 1]), the optimal mechanism

_ I A pA A pA _
f[A (FﬂMMA+/ (1 - 4)g(A)dA

\4
is not unique for p = ﬁ + €. A similar approach can be used to

]T-V
evaluate any p € (W’ 1)~

Claim 3. Suppose p € (0,1). Across victim’s types, the interim probabilities
of investigation encompass multiple cases.

Proof.

1. Suppose that Cy(A) > C1(A) VA € [0, A]. Therefore, A > (gég‘;‘; —

1) fV VA € [0, A]. Hence, by Proposition 1, the interim probabilities
of investigation are: When A € [0, A],

T A
2. Suppose that Co(A) < C1(A) VA € [0, A]. Therefore, A > (%EA% _
Ci(A)
1)fv or A< (m—l)]ﬂ/.
(a) Suppose A > (% — 1>fV Therefore, by Proposition 1, the

Ci(4)
Co(A)

interim probabilities of investigation are: When A € [(
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Y]

(b) Suppose A < (G4} ~1) F. Therefore, (G2} -1) 7V < (152) v
or (&3 - 1)77 > (55)7"
i. Suppose g;EAg - l)f_v < (1%1’)]?‘/ and
A < min { (1pp)fv, (CI(A) — 1)f_v} Therefore, by Propo-
e

Co(A)

sition 1, the interim probabilities of investigation are: When
1-p\ rv (Ci(4) v
Ac [o,mm ( ”)f ,(C;(A) ~1)f })
_ A
= () <
(A) =0.

ii. Suppose (gégﬁ; - 1)fv > (%)]ﬂ/ and A < (%)fv
Therefore, by Proposition 1, the interim probabilities of in-
vestigation are: When A € {O, (%)JW},

q(A) = (%)fiv <1
0

iii. Suppose (g;( )fv (kTp)JW and A > (kTp)fV
Therefore, by Proposmon 1, the interim probabilities of in-
vestigation are: When A € ((%)fv, (g;gflg — 1) fv)7

v

_ f
0(d) =1~ sty <1

—
|
3

Define A%(p) = (=2) fV.

*|
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Claim 4. ( P )

RS

1-p/ vV

applies to the proof that Vp € (0,1), A < (%)Jw = A%p) if (&)fiv <1.
|

Proof. Vp € (0,1), (& )A <1ifAL (%)f‘/ = A%p). The same logic

Proposition 1. Suppose p € (0,1). The interim probabilities of investiga-
tion for a victim of type A are as follows.

1. IfA> (g;g‘:g — 1)fv, then qo(A) =0 and ¢1(A) = ﬁ.

2. If A < (gég’:g —1)fY and A < (%)f_v = A%p), then qo(A) =

(ﬁ)}% and ¢1(A) = 0.

3. IfA< (gégﬁg —71)]?‘/ and A > (%)]ﬂ/ = A%p), then qo(A) =1 and

_ v
@A) =1- v

Proof. Let E[C] = pg1(A)C1(A)+ (1 —p)qo(A)Co(A) be the expected cost of
producing evidence associated with a victim’s of type A. The social planner’s
problem is as follows.

» f?)l’iqr} ( A){pfh(A)Cl(A) + (1= p)go(A)Co(A)}

subject to the victim’s incentive-compatibility constraint (1) and the feasi-
bility constraints 0 < go(A) < 1 and 0 < ¢1(A) < 1. Claim 1 shows that the
victim’s incentive-compatibility constraint holds as an equality. Hence, the
victim’s incentive compatibility constraint (1) becomes:

(f" +pA)q1(A) + (1 —p)fV q(A) = pA. (3)

The optimization problem is now reduced to a minimization with an equality
constraint. Solving for gg(A):

_ p(fV+4) pA
qo(A) = = q1(A) + -

Substituting go(A) in the objective function,
1 % %
E[C] = fT{ql [PCL(A)f" = pCo(A)(f" + A)] + pACo(A)}.
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Hence,
OE[C] _ [pC1(A) [V — pCo(A)(fV + A)]
9q1(A) v '

When 261" _’}€°(A)(fv+‘4) < 0, which is equivalent to A > (gégi; -1 fY,

9ECL ~ 0; when PO oA +4) _ 0, which is equivalent to A =
0q1(A) v

(gégﬁg -1)fY, ;}J%[(C] 0; and, when pCI(A)fV_I}€°(A)(fV+A) > 0, which is
equivalent to A < ( E )fv7 aaq]E((;;]) > 0.

We now characterize the interim probabilities of investigation for a victim
of type A by incorporating the feasibility constraints 0 < ¢g(A) < 1 and

0 < ¢1(A) < 1 in the analysis. Suppose A > (gIEA) — 1)f_v, gZE[C] < 0.

The interim g1 (A) is a corner solution with ¢;(A) taking the maximal value
constrained by g1 (A) < 1 and equation (3). Solving for ¢;(A), we get ¢1(A4) =
(W) [pA— (1—p)fVqo(A)]. Note that g;(A) takes the maximal value if

qo(A) =0: ¢1(4) = ﬁ. Hence, the interim probabilities of investigation

for a victim of type A are ¢o(A4) =0 and ¢1(4) = ﬁ <1

Suppose that A = (M —1)fY and therefore OEICL (), Claim 2

Co(A) » Oqi(A) T
shows that, when A = ( E A; — 1) fV, the interim probabilities of investiga-

tion go(A4) and ¢1(A) involve infinitely many values, go(A4) € [0, (ﬁp) fv]
and ¢, (A) € [O,ﬁ].
not unique for p sufficiently high. We consider here the minimum value for

¢o(A) and the corresponding ¢; (A) such that constraint (3) and the feasibil-
ity constraints are satisfied. Hence, the interim probabilities of investigation

for a victim of type A are go(A4) =0 and ¢1(A) =

Claim 2 also shows that the optimal mechanism is

A
W<1.

Suppose now that A < (gégﬁ; — 1)fV, 5qE[(x£) > 0. The interim ¢;(A)

is a corner solution with ¢1(A) taking the minimal value constrained by
¢1(A) > 0 and equation (3). We need to check whether ¢; = 0 satisfies
the victim’s incentive-compatibility constraint. Evaluating equation (3) at
¢1(A) = 0 and solving for go(A) yields go(A4) = (f%p)fiv. We also need to
verify whether g (A) satisfies the feasibility constraints. By Claim 4, go(A) =
(& ) f}“/ <1 when A < (1%’) fV = A%p). Hence, two mutually-exclusive

cases are possible. If A < (1%) fV = A%{p), then the interim probabilities of
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1-p
then the minimal feasible g1(A) is the one that corresponds to go(A)
Evaluating equation (3) at go(A) = 1 and solving for ¢:(4) yields ¢1 (A)
) =

investigation are go(A) = (£) fi‘, and ¢1(A) =0. If A > (lp%p)fv A%(p),
= 1.

1- 17(]?'(/7:-14). Hence, the interim probabilities of investigation are go(A
%
%
Define p° = f‘f A

Claim 5. A > A%(p) < p > p°.

Proof. If A > (%)f‘/ = A%p), solvmg for p, p > f‘f = = p°. The same
logic applies to the proof that p > p® = A > A%p). A

Claim 6. (%)fi‘, <1VA€0,A4] ifp<pd.

Proof. Given that (£ )f—v is increasing in A, (l—)i 1VA e [ , A if

\%
this holds for the highest value of A. Hence, (%p) fi; <lifp<
]

‘* \
=)

hex =1

Proposition 2. The interim probabilities of investigation for Environments
1 and 2 across victim’s types are as follows.

1. Environment 1: If Co(A) > C1(A) VA € [0 A], then the interim
probabilities of investigation are: qo(A) = 0 and ¢1(A) = <1
VA €[0,A] and ¥p € (0,1).

_A
fV+A

2. Environment 2: If Co(A) < C1(A) VA € [0,A] and A < (%22% -
l)f_v VA € [0, A], then the interim probabilities of investigation are as

follows.

(a) p-Segment 1: pr (O7 p°], then the interim probabilities of in-
vestigation are qo(A) = (2 ) 4

L) 2 and q1(A) =0 VA € [0, A].
(b) p-Segment 2: pr E (1007 ), then the interim probabilities of in-
vestigation are qo(A (1p )A nd @1 (A) =0VA € [0,A%p)],
and qo(A) =1 and ¢ (A) VA € (A%p), A].

A+f")

Proof.



1. Suppose Co(A) > C1(A) VA € [0, A]. Therefore, A > (glgﬁg -1)fv
is satisfied VA € [0, A]. By Proposition 1, the interim probabilities of
investigation are: go(A) = 0 and ¢1(A) = fVJrA <1VA€[0,4]. The
interim probabilities of investigation hold V¥ p € (0, 1).

2. Suppose Cy(A) < C1(A) VA € [0, 4] and A < (g;gﬁ; —1)fV. There-

fore, A > (% — )fv is never satisﬁed By Proposition 1, if A <

(%)fv = AO( ) or equivalently, if p < then the interim prob-

fV+A7

abilities of investigation are go(A4) = (7% )fiv < 1 by Claim 5, and
g1 (A)=0;if A > (%)f_v = A%(p), or equivalently, if p > f—‘f+A, then

the interim probabilities of investigation are go(A) = 1 and ¢1(4) =
- p(#va) < 1. When p < p° A < A%p) by Claim 4. Therefore,
every A € [0, A] is lower than or equal to A°. When p > p°, A > A%(p)

by Claim 4. Therefore, A € [0, A] can be greater than or lower than
AC. Hence, two mutually-exclusive p-segments are possible:

(a) p-Segment 1: If p € (0,pY
gation are q@(A) = (ﬁp)
VA € [0, Al

(b) p-Segment 2: If p € (p°,1): The interim probabilities of investi-
gation are as follows.

i. If A < A%@p), then go(A) = (ﬁ)
v

ii. If A > A%p), then go(A) =1 and ¢1(A) =1 — m > 0.

the interim probabilities of investi-
< 1 by Claim 5, and ¢;(A4) = 0

\“L‘b

v < 1 by Claim 5, and

The interim probabilities of investigation in Environment 2 hold VA €
[0,A] and V p € (0,1).

Adjustments to the Interim Probabilities of Investigation
This section discusses technical aspects of the application of adjustments
to the interim probabilities of investigation to satisfy the liable injurer’s
incentive-compatibility constraint (2), fOA Ag(A)dA < f! fOA qo(A)g(A)dA.

First, we define the two possible adjustment procedures, and denote them
as Procedures 1 and 2.

64



Definition 2. Procedure 1 consists of an increase in qo(A) and a decrease in
q1(A) until the liable injurer’s incentive-compatibility constraint (2) is sat-
isfied as an equality while keeping the victim’s incentive-compatibility con-
straint (1) satisfied as an equality. Procedure 2 consists of an increase in
qo(A) without decreasing q1(A) until the liable injurer’s incentive-compatibility
constraint (2) is satisfied as an equality while keeping the victim’s incentive-
compatibility constraint (1) satisfied.

In Environment 1, the interim ¢o(A) is always zero. Hence, constraint
(2) is never satisfied and an adjustment is required. Given that the interim
q1(A) > 0, Procedures 1 and 2 can be implemented. In Environment 2, even
when qo(A4) > 0, f! is limited to fI. Therefore, constraint (2) might not
be satisfied and an adjustment might be required. When p € (0,p°] and
A € [0, A], although the interim go(A) < 1, the interim ¢;(A) = 0. Hence,
only Procedure 2 can be implemented. When p € (p°, 1], an adjustment
can be applied only for relatively low A-values. Specifically, when A €
(0, A%(p)], even when the interim go(A) < 1, the interim ¢;(A) = 0. Hence,
only Procedure 2 can be implemented. When A € (A°%(p), 4], although the
interim ¢1(A) > 0, the interim ¢o(A) = 1. Hence, neither Procedure 1 nor
Procedure 2 can be implemented. The next corollary summarizes this result.

Corollary 1. Procedures 1 and 2 can be applied in Environment 1. Only
Procedure 2 can be applied in Environment 2.

Second, we study the efficiency of the adjustment procedures. Consider a
victim of type A. Remember that E[C] = pq1(A)C1(A) + (1 —p)go(A)Co(A)
represents the expected cost of producing evidence associated with a vic-
tim of type A. Let u{m = flqo(A) represent the liable injurer’s expected

. . . . C . oud
loss for misreporting associated with a victim of type A, &;7‘("1;) represent

the change in the liable injurer’s expected loss for misreporting due to an

increase in go(A), and gEO[(Cj) represent the change in the expected cost of pro-

ducing evidence due to an increase in gy while keeping the victim’s incentive-
compatibility constraint satisfied. Next, we define the efficiency of Procedure
1, Q;(4) (i=1,2).

Definition 3. Consider a victim of type A. Efficiency of Procedure i is
8“6\1
defined as Q;(A) = 2.

9q0(A)

Intuitively, a high €;(A) indicates a high increase in “(I)|1 and/or a low
increase in E[C] due to an increase in go(A). Hence, the procedure with
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the highest ;(A) exhibits the highest level of efficiency in incentivizing the
liable injurer through an increase in go(A). Lemma 3 characterizes 21 (A)
and Q9 (A).

f_I
Q1(4) = .
W - )
N
== T e @)

Both Q;(A) and Q5(A) apply to Environment 1, and only Q(A) applies
to Environment 2. Lemma 3 shows that when Cy(0) > C1(0), 2:1(A4) > 0
exists VA € [0, A].

Lemma 3. (1) Suppose Cy(A) > C1(A) VA € ([0

, A]. If and only if Co(0) >
C1(0), Q1(A) > 0 exists. (2) If and only if Cy(0) >

0, Q3(A) > 0 exists.
8“5\1
Proof. We first characterize 1 and Q3. By Definition 4, Q;(A) = 65’&)[(5‘]) .

9q0(A)

o 1
duml

E[C] = pg1(A)C1(A) 4+ (1 — p)go(A)Co(A) and Bao(A) = f!. Consider Proce-
dure 1.

OE[C]  OE[C] OE[C] 0q1(A)
9qo(A) dq0(A) ~ 0q1(A) Oqo(A)
The direct effect of an increase in ¢o(A), DE, is

DE = 900 (A) =(1—-p)Co(4) >0
OE[C]
0q1(A) =04
Given equation (3), (pf¥ + pA)qi(A) + (1 — p)fV qo(A) = pA,
oa(4) _ (1-p)
dq0(A) p(1+ fiv)

_ OE[C] 99:(4)

= 50y g () ~ P [_p(l ey




The overall effect of an increase in go(A) OE[C]

) Bgo(A)? 1S
JE[C] _ . _ (A=p) | _ . Gi(4)
) ~ (PICHAI O ) |~ | = (o) | O~ s |
Hence, fI
Ql(A):
(1=p)[Col) = 2

Consider Procedure 2.

OE[C] _ _

Hence,

j?I
BT am

1. Suppose Cy(A) > C1(A) VA € (0, A] and Cy(0) > C;(0). We show that
F1
(4) = !

(1-p)fcota) - (245

L+ 4

>0

exists VA € [0, A].

(a) When A > 0,

Therefore,
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exists.
(b) When A =0, (1+ fiv) = 1. Hence,

]?I
(1= p)(Co(0) = C1(0))
exists if and only if Cy(0) > Cy(0).

>0

M(A) =

2. Suppose Cy(0) > 0. We show that Q3(A) > 0 exists.

I
Q(A)=————>0
= T
exists VA € [0, A] if and only if Cp(0) > 0 and %Xl) > 0 by assump-

tion.

Intuition follows. In Procedure 1, the effect of an increase in go(A) on
E[C] involves a positive direct effect through ¢o(A4) and a negative indirect
effect through ¢;(A). The direct effect more than offsets the indirect effect
and hence, the overall effect is positive. Lemma 3 also shows that when
Co(0) > 0, Q2 > 0 exists VA € [0, A]. Intuitively, in Procedure 2, the overall
effect of an increase in ¢o(A) on E[C] involves just a positive direct effect
through ¢o(A).

Next, we compare the efficiency of both procedures for a victim of type
A in Environment 1. Suppose Cy(A) > C1(A) VA € (0, A], Co(0) > C1(0)
and Cy(0) > 0,

! !
(A) = > = (A4).
1A (1—p)Co(A) — (1 —p)(fli(i)) —pCo@ W

Fv

In words, for a victim of type A, Procedure 1 is the most efficient adjustment
procedure.
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Third, we provide formal analysis of the application of Procedures 1
and 2 across victim’s types, and identify the efficiency-superior procedure in
Environment 1.52

Proposition 3 identifies a sufficient condition under which the applica-
tion of Procedure 1 should start at the lowest value of A, and shows that
Procedure 2 should always start at the lowest value of A.53

Proposition 3. (1) Suppose Cy(A) > C1(A) VA € (0, A] and Cy(0) >

91 -~
C1(0). If =2 < 0 VA € [0, 4], then the implementation of Procedure 1
should start at the lowest value of A. (2) Suppose Cy(0) > 0. Tthe imple-
mentation of Procedure 2 should start at the lowest value of A.

Proof.

_ C1(A)
1. Suppose QO(A) > C1(A) VA € (0, 4], Co(0) > C1(0) and 60601‘(1A) <0
VA € [0, A]. Q1(A) can be written as:

7l
01(A) = o )
1—-p)Co(A) |1 - ——~—
(1 =p)Co( )[ CO(A)(1+J%V)
_ C1(A)
Denote [1 CO(A)(H;“/)] as W(A).
001 (A4)
0A
! 1/ 1 a\If(A)+ 1/ 1 9CH(A)
C1-plG(A\ (T(4)2) 94 WA\ (Co(4)?) 04 [
where 6060715{4) > 0, by assumption of the model, and
pu(4)  dam 1 Gl [_ 1 1] 0
0A 0A (1 + fi‘,) Co(A) (1 + %)2 fv

52Remember that only Procedure 2 can be implemented in Environment 2.
53Proposition 3 shows that the sign of % is ambiguous. Therefore, Procedure 1
could also start at the highest value of A. For consistency of the methodology across

procedures, we decided to impose a condition such that % < 0.
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C1(4A)
Co (A) . 901 (A)
because —57— < 0, by assumption. Hence, =5~ < 0.

2. Suppose Cy(0) > 0.

JFI
B ETenei)
a0(4) IR 0
04~ (- p)(Co(A)R =

because % > 0 by assumption of the model.

C1(4)

Intuition follows. In Environment 1, when % < 0 VA € [0,4],
Q1(A) increases when A decreases. Across environments, 02(A) increases
when A decreases. Hence, the social planner should start the application of
Procedure i (i = 1,2) at the lowest levels of A where Procedure ¢ is more
efficient. The next remark summarizes this result.

Proposition 4 identifies a necessary and sufficient condition for the ef-
ficiency superiority of Procedure 1 across victim’s types in Environment 1
where both procedures can be applied.

Proposition 4. Suppose Co(A) > C1(A) VA € (0, 4], Co(0) > C1(0),

acl(A) _
CO(O),V> 0 and =2 < 0 VA € [0,A4]. If and only if Co(A) — Co(0) <
% VA € [0, A], Procedure 1 is more efficient than Procedure 2 across

victim’s types.

9&1(A)

Proof. Suppose Cy(A) > C1(A) VA € [0, A], Co(0) > C1(0), Co(0) > 0,
A].

% < 0and Cy(A)—Cy(0) < Cz(f}év VA€ [0 Given thzit %Xl) <0,
it suffices to compare Q3(A) for A =0 and Q;(A) for A € [0, A].
! Iz
i(4) = T = (0)
(1-p)[Co(4) - SA] ™ (1-p)Co(0)

s
if and only if Co(A) — Cp(0) < 0114(;4%‘{ .
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Intuition follows. In Environment 1, when Cy(A) — Cp(0) < Cz(ffé for

A € [0, A], the efficiency of Procedure 1 for any A € [0, A] is strictly higher
than the highest level of efficiency of Procedure 2 (which occurs when A = 0).
Hence, the social planner should exhaust the implementation of Procedure
1, i.e., should increase go(A) and reduce g;(A) across victim’s types, before
applying Procedure 2. The next corollary summarizes this result.

Corollary 2. In Environment 1 where Procedures 1 and 2 can be applied,
Procedure 1 should be applied first.

Proposition 5. Suppose Co(A) > C1(A) VA € (0, A], Cy(0) > C1(0) and
€ (0,1). There are three p-segments: p-Segment 1 where p € (0,p], p
Segment 2.1 where p € (p,p], and p-Segment 2.2 where p € (p,1).

Proof. Suppose Cy(A4) > C1(A) VA € (0, A], Cy(0) > C1(0) and p € (0,1).

1. We show that p € (0,1) is divided into two main p-segments, denoted
as p-Segment 1 and p-Segment 2. To accomplish this, we need to
show that there exists a unique p-threshold, denoted as p such that
0<p<l.

(a) In the main text of the paper, we define p as the p-threshold such
that, after exhausting Procedure 1 VA € [0, A], the liable injurer’s
incentive-compatibility constraint is satisfied as an equality.

/OA Ag(A)dA = JT /OA (1 fﬁ)}fvg(A)dA.. (5)

(b) We need to show that p < p°. Otherwise, Procedure 1 could not
be exhausted VA € [0, A]. Equation (5) can be rewritten as:

/OA Ag(A)dA = f1(1 fﬁ) /OA Ag(A)dA.

v
Hence, ~
A
AT
Given that f/ > A by assumption,
i 0
< = =",
P<FwiA~?
where p° < 1.
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- . O(—L—
(¢) Finally, we need to show the uniqueness of p. Given that (él‘)")

is strictly increasing in p, the threshold p such that, after ex-
hausting Procedure 1 VA € [0, 4], the liable injurer’s incentive-
compatibility constraint holds as an equality is unique.

Hence, p € (0,1) is divided into two main p-segments, p-Segment 1
where p € (0, p] and p-Segment 2 where p € (p,1).

. We show that p-Segment 2 where p € (p,1) is divided into two addi-
tional p-segments, p-Segment 2.1 where p € (p,p] and p-Segment 2.2
where p € (p,1). To accomplish this, we need to show that there exists
a unique p-threshold, denoted as p, such that p < p < 1.

(a) In the main text of the paper, we define p as the p-value such
that, after exhausting the implementation of Procedure 1 for A €
[0, A%(p)], the liable injurer’s incentive-compatibility constraint
evaluated at the adjusted interim probabilities of investigation is
satisfied as an equality:

/oA Ag(A)dA = f! [/OAO@) (%) ﬁg(A)dAJr/Af(p) Og(A)dA} ’
(6)

where A%(p) = (177”) V. We show now that there exists a unique
P such that p® < p < 1. Therefore, p-Segment 2 is divided into
two p-segments, denoted as p-Segment 2.1 and p-Segment 2.2.
Given that A°(p) is a strictly decreasing function of p, there is a
one-to-one correspondence between A°(p) and p. Therefore, we
can show the existence and uniqueness of p by showing that there

exists a unique A°(p) = (%)Jﬂ/ < A.

Define ¥(z) = f! [} 2g(A)dA for x € (0, A]. First, we show that

lim;—0 ¥(x) = 0. Given that d‘fi(f) >0, g(4) < g(x) VA < .
Therefore, VA < x:

o [TA o [TA
glg_}mo U(z) ilg%)f /0 xg(A)dA < ;%f /0 xg(x)dA
_ T A _ x2
. H 1 = — flq; _
=t 71( [ S ata) = 7 iy o) =
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Given that ¥(x) > 0, Vz € (0, 4],

:llg%) U(z) = 0.
Hence, [;* Ag(A)dA > lim, o ¥(z) = 0. Second,
\I/(f_l) = f! fOA %g(A)dA = % fOA Ag(A)dA. Therefore,
fOA Ag(A)dA < W(A). Third, we show that there exists a unique

x = A%p) < A such that fOA Ag(A)dA = ¥ (z). We show that
U(z) is a differentiable function on x and therefore a continuous
function, and a strictly increasing function on x. By assumption

ag(A)
%A 20)

P (- [ Sataaa o) 2

2 JH< /0‘T ;;g(:n)dA+g(x)> =

= fIg(x)(l — JJQ) > 0.

222

Therefore, there exists a unique value of x = A°(p) < A such that

A o A°(p) »
/0 Ag(A)dA = f /0 AO(@g(A)dA.

Hence, there exists a unique p.

We need to show that p > p°. Otherwise, Procedure 1 could
— =\ FV
be exhausted VA € [0,A4]. A°(p) = a=pf" Therefore, p =

b
Lo A%(p) < A, by Part 2(a) of this proof. Hence
fV +A0 (1’7) . p i y p . b

v A
A A P

ﬁ:

by Claim 4. Given that p < p° by Part 2(a) of this proof, p > p
and hence, p > p° by Part 1(b) of this proof.
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(c) We show that p < 1. A%(p) = %. Hence, p = <1

f-V
FV+A°(p)

Hence, p-Segment 2 where p € (p, 1) is divided into two p-segments,
p-Segment 2.1 where p € (p, p|] and p-Segment 2.2 where p € (p, 1).

Proposition 6. Suppose Co(A) < C1(A) VA € [0, 4], A < (% -1)fv

and p € (0,1). There are three p-segments: p-Segment 1.1 where p € (0, p],
p-Segment 1.2 where p € (p,p°] and p-Segment 2 where p € (p°,1).

Proof. Suppose Co(A) < Ci(4) VA € [0,4], 4 < (g5 —1)FV and
p € (0,1).

1. We show that p-Segment 1 where p € (0,p"] is divided into two p-
segments, p-Segment 1.1 where p € (0,p] and p-Segment 1.2 where
p € (p,p°]. To accomplish this, we need to show that there exists a
unique p-threshold, denoted as p, such that 0 < p < p°.

(a) In the main text of the paper, we define p as the p-threshold
such that the liable injurer’s incentive-compatibility constraint,
evaluated at the interim probabilities of verification, is satisfied
as an equality.

/O " Agayaa- / ’ (+2) f@gm)dA. (7)

Equation (7) can be rewritten as:

/OA Ag(A)dA = ffvl(l fﬁ) /OA Ag(A)dA.

A,
e

Hence,

Given that f! > A by assumption,
__fY 0
< = — =,
P<FwiA~P
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where p® < 1. Note that p = p. Part 2(c) of Proposition 5 also
hold here and therefore, the p-threshold is unique.

Hence p-Segment 1 where p € (0,pY] is divided into two main
p-Segments, denoted as p-Segment 1.1 where p € (0,p] and p-
Segment 1.2 where p € (p, p°].

We need to show that p-Segment 1.2 where p € (p,p°] is not di-
vided into additional p-segments. To accomplish this goal, we
need to show that there does not exist a threshold p where p <
p < p° such that the liable injurer’s incentive-compatibility con-
straint, evaluated at the interim probabilities of investigation or at
the adjusted interim probabilities of investigation after applying
Procedure 2, is satisfied as an equality.

When p € (p,p°], the liable injurer’s incentive compatibility con-
straint, evaluated at the interim probabilities of investigation, is
satisfied as a strict inequality:

/OA Ag(A)dA < /OA (1%) A (Ada,

by the definition of p and 8(?) > 0. Therefore, there does

not exist p < p/ < pY such that the liable injurer’s incentive-
compatibility constraint, evaluated at the interim probabilities of
investigation or at the adjusted interim probabilities of investiga-
tion after applying Procedure 2, is satisfied as an equality.

Hence, p-Segment 1.2 where p € (p,p°] is not divided into addi-
tional p-segments.

Hence, p € (0, p"] is divided into two p-segments, p-Segment 1.1 where
p € (0,p] and p-Segment 1.2 where p € (p, p°].

. We show that p-Segment 2 where p € (p°,1) is not divided into addi-

tional p-segments. To accomplish this goal, we need to show that there

does not exist a threshold p” where p¥ < p” < 1 such that the liable
injurer’s incentive-compatibility constraint, evaluated at the interim
probabilities of investigation or at the adjusted interim probabilities of
investigation after applying Procedure 2, is satisfied as an equality.

7



Suppose p € (0,1). By the definition of p,

AA@MMA=AMm(ﬁ %ﬁmmwffq(fa)AgMMA

1-p a0y \1=p/ fV

where (L)

5 <1VA€[0,4], by p < p® and Claim 5.

RS

Suppose p € (p°,1).

/OAO(p)( p )Ag(A)dA—i—/A (L)ig(A)dA<

L—p/ fv Aoy N1 =D/ fV
A%(p) A A
b
< — == AdA+/ 1g(A)dA,
L G geetas [ e

by 252 > 0 and (£5) 4 < 1 VA€ [0, 4]

P

As aresult, when p € (p°, 1), the liable injurer’s incentive compatibility
constraint, evaluated at the interim probabilities of investigation, is
satisfied as a strict inequality:

A

/OAAg(A)dA</0A°(p> (L)ig(A)dAJr/ 1g(A)dA.

1—p/fv A9(p)

Therefore, there does not exist p° < p” < 1 such that the liable
injurer’s incentive-compatibility constraint, evaluated at the interim
probabilities of investigation or at the adjusted interim probabilities of
investigation after applying Procedure 2, is satisfied as an equality.

Hence, p-Segment 2 where p € (p°,1) is not divided into additional
p-segments.

Lemma 4. Suppose Co(A) > C1(A) VA € (0, 4], Cy(0) > C1(0) and p €
(0,p]. There exists a unique 0 < A'(p) < A.

Proof. Suppose Cy(A) > C1(A) YA € (0, 4], Co(0) > C1(0) and p €
(0,p]. In the main text of the paper, we define A'(p) as the A-threshold
such that, after exhausting Procedure 1 VA € [0, A] and increasing go(A)
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to 1 by applying Procedure 2 VA € [0, A(p)], the liable injurer’s incentive-
compatibility constraint holds as an equality:

/oA Ag(A)dA = ! [ /0A1<p> toan /,:(p) (i5) Jf‘l/g MMA} o

1-p

We show the existence and uniqueness of Al(p) and that Al(p) < A.

1. Suppose p € (0,p]. We show that, after exhausting the application
of Procedure 1 YA € [0, A, the liable injurer’s incentive-compatibility
constraint is still not satisfied when p € (0,p) and hence, Procedure 2
should be applied starting with the lowest A-value.

Given that p < p°, by Claim 4, A < A%(p) and therefore, Procedure 1
can be exhausted VA € [0, A].

(a) Suppose p € (0,p). At the adjusted interim probabilities of veri-
fication,

/O " Agayans /0 ’ (+5,) ﬁg(A)dA,

by the definition of p and % > 0.

(b) Suppose p = p. At the adjusted interim probabilities of verifica-

tion, E F
| asaaa= 7 [ (72) Fataaa

by the definition of p.

2. Suppose p € (0,p]. We show that there exists a unique Al(p) < A
such that Procedure 2 is applied by increasing go(A) to 1 only for A €
[0, AY(p)], and the liable injurer’s incentive-compatibility constraint is
satisfied as an equality.
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Define 1 (y) for y € [0, A] as follows:

U(y) = f’{/y (A )dA+/yA(1_p;1)ng(A)dA}

Note that

U(y) = ! [ /O n g(A)dA + /A ip) Of)]il)]wg(A)dA]

when y = Al(p). We show y = Al(p) < A exists and is unique.

(a) Suppose p € (0,p). We show the existence and uniqueness of
Al(p) such that 0 < Al(p) < A.

A
/ Ag(A)aA > v0) = 71 [ uf’;ﬂfvgmwA’

A A
/0 Ag(A)dA < p(A) = J! / g(A)dA = f!

and
W) _ = oy
W) _ {g(y) T g(y)] > 0.

Y (y) is differentiable and therefore is continuous. It is also strictly
increasing in y. Hence, there exists a unique y = A'(p) € (0, A)
such that

/OA Ag(AVIA = ]H{/OAl(p) lg(A)dAJr//:(p) T pﬁ)fvg(A)dA}

(b) Suppose p = p. We show the existence and uniqueness of Al(p)
and that A!(p) = 0. Evaluate 9 (y) at y = 0.

»(0) = fl[/o g(A )dA+/0A(1_p?)jWg(A)dA].
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By the definition of p, fOA Ag(A)dA = (0) when p = p. There-
fore,

A o 0 A pA
/0 Ag(A)dA = F [/0 1g(A)dA+/O oAl

Hence, A'(p) = 0.
|
Lemma 5 Suppose Cy(A) > C1(A) VA € (0, 4], Co(0) > C1(0) and p €

(p,p]. There exists a unique 0 < A% (p) < A.
Proof. Suppose Cy(A) > C1(A) VA € [0, A] and p € (p, p).
In the main text of the paper, we define A%1(p) as the A-threshold such

that, after exhausting Procedure 1 VA € [0, A%!(p)], the liable injurer’s
incentive-compatibility constraint holds as an equality:

/OAAQ(A)dA:fI{/OAQII(p) ; _p?)fvg(A)dAJr/Ajl(p) Og(A)dA] (9)

We show the existence and uniqueness of A%!(p) and that 0 < A%!(p) < A.

1. Suppose p € (p,p°]. By Claim 4, A < A%(p) and therefore, Procedure
1 can be exhausted VA € [0, A].

By the definition of p,

4 T 4 pA
| agaaa= g [ e a(A)dA

ol —2—
Given that p € (p,p°], p > p. By % > 0:

A i -
[T PA s aas 7 [T —PAgayaa
/ /0 (1—p)ng( JdA> [ /0 (1—}5)]”/9( )dA.
The last inequality can be rewritten as:
FI A 7l A
(1_f£fv /O Ag(A)dA > (1fﬁ};fv /0 Ag(A)dA. (1A)
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Define ¥(z) for z € [0, A].

U(z) = /Z Ag(A)dA.

0

i Ag(A)dA.

S
=
Il
e
sy
E\
Il

oV (z
0z

~—

= 2g(z) > 0.

U(z) is differentiable and therefore, ¥(z) is continuous. It is also
strictly increasing in z. Therefore,

FI I = A
(1f£f_vqf(0) —0< (lfff;f‘//o Ag(A)dA. (2A)
Inequality (1A) can be expressed as:
f'p T fp
By (1A) and (2A), there exists a unique z = A%1(p) € (0, A) such that
fp 2.1 _f'p A
W\P(A (p) = (1—;5)f_V/0 Ag(A)dA.

By the definition of ¥(z) and z = A%(p),

g A% (p) 1z A
T ) A= g [ agaa

which can be written as:

f! /OAQ'I(p) (lp%p) Jf/g(A)dA =f! /OA (5 ﬁﬁ)ﬁ/g(A)dA.

Therefore, by the definition of p

/OA Ag(A)dA = fI/OA“(p) (%)_Ag(A)dA.
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Hence, there exists a unique 0 < A%1(p) < A such that

A _ A% (p) A A
Ag(A)dA = f! P2 (A)dA A)dAl.
[ Asenaa= 7 [0 e e [ o

. Suppose p € (p°,p]. By Claim 4, A > A%(p) and therefore, Procedure
1 can be exhausted only VA € [0, A°(p)].

We need to show that A%!(p) < A%(p) when p € (p°,p] and therefore,
Procedure 1 can be exhausted VA € [0, A%!(p)]. As a result, Part 1 of
this proof also holds when p € (p°, p].

To accomplish this goal, we first show that A%!(p) < A%(p) when
p € (p°,p). Second, we show that A%!(p) = A%(p) when p = p.

Define m = % = A%p) and (m) as

wim = 7 [ S gada,

where 1¥(m) is the right-hand side of the liable injurer’s incentive com-
patibility constraint when Procedure 1 is exhausted VA € [0, A°(p)].

By assumption, g(A) is non-decreasing in A. Therefore,
oY(m) _ / vA

—g(A)dA| >

Gk = 1 o)~ [ Zgayaa) >

> flg(m [1—/,4 dA] f<> > 0.

aw(m)_aw(m)ﬂ__Mﬂ<o
op ~ Om Ip 2 p .

(a) Suppose p € (p°,p). By Part 1 of this proof, when p € (p, p°],

/OA Ag(A)dA = ! /OAM(’)) (&))Jé/g(A)dA.
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Given %}T) < 0, when p € (p°, p),

/OAAg(A)dA ff/ zl(p)(lpp) (A)dA <

<JH/ ( p;O)ng

Hence, A%!(p) < A%(p) when p € (p°,p).

(b) Cousider p = p. By the definition of p,

/oA Ag(A)dA = f! [/OAO(”) (%) Jig(A)dAJF/A:(m Og(A)dA} .

By the definition of A%!(p), when p = p,

A21(P) B A a

/O * Ag(Avid = F /0 (%) TralA)dat / Og(A)dA} .

A2'1(ﬁ)

Hence, A%1(p) = A%(p) when p = p.

Lemma 6. Suppose Co(A) > C1(A) VA € (0, A], Cy(0) > C1(0) and p €
(p,1). There exists a unique A%2(p) such that A° < A%2(p) < A.

Proof. Suppose Cy(A4) > C1(A) VA € (0, A], Co(0) > C1(0) and p € (p, 1).
In the main text of the paper, we define A%2(p) as the A-threshold such
that, after exhausting Procedure 1 for A € [0, A%(p)] and increasing go(A)
to 1 by applying Procedure 1 to A € (A%p), A%22(p)], the liable injurer’s
incentive-compatibility constraint holds as an equality:

A
/ Ag(A)dA =
0

LT pa A72(p)
= —_— AdA+/ 1 AdA+/ ]
Pl e e oA [ o

We show existence and uniqueness of A22(p) and that A° < A%2(p) < A,

where A0 = =2)f"
P
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1. Define v and ¥(v) for p € (0,1) and v € (0, A], respectively, as follows.

(1-p)fY
p

v

= A%p).

T(v) sz{/ov Ijg(A)dA—i—/vAg(A)dA}

(a) We show that, after exhausting the application of Procedure 1
VA € [0, A%(p)], the liable injurer’s incentive compatibility con-
straint is still not satisfied, and hence, Procedure 1 should be
applied to A > A%(p).

To accomplish this goal, we show that inequality (3A) holds:

A a-pfV
Fl pA
/0 Ag(A)dA > f /0 a7 g(A)dA. (3A)
By the definition of p:
a a-nsv _
Ag(AydA=fr [ 7 PA__(A)dA
| aswan=g [T S (6)

We show that the right-hand-side of equation (6) is decreasing in
p for p € (p, 1).

a(ff fo(liz)fv #g(A)dA) a(f’ 0 %g(A)dA) P

p v ap’

By assumption, g(A) is non-decreasing in A. Therefore,

’Ué v
8( o vg(A)dA> :9(“)_/0 Ui‘gg(A)dAZ

ov
v A 1
> g0) ~ gl0) | A= go(0) >0,
0 v 2
By the definition of v,
-
v_ Iy

p p?



(b)

Therefore,

a-p iV

oFfy 7 ealA)aa)
e < 0.
Hence, when p € (p, 1),
A a=—p ¥
_ pA
AgAdA>ff/ —g(A)dA.
| st o gt

We show that, if go(A) is increased to 1 by applying Procedure
s —

1to A€ (%,A], the liable injurer is satisfied as a strict

inequality and hence, go(A) should be increased to 1 by applying

Procedure 1 to A > % but A < A.

To accomplish this goal, we show that inequality (4A) holds:

A
/ Ag(A)dA <
0

a-piv A

<f1[/0 ' (1_pﬁ)fvg(A)dA+/W 1g(A)dA]. (4A)

By the definitions of v and ¥(v), inequality (4A) can be expressed
as:

/A Ag(A)dA < T (v).
0

Evaluating ¥(v) at v = A:

A Ay
I J—
/0 Ag(A)dA < J /0 Z9(A)dA.

We show that ¥(v) is differentiable and therefore continuous, and
that ¥(v) strictly decreasing in v:

5‘1(;7(;1) _ fI( - /0 %g(A)dA—i— ~g(v) —g(v)> =
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_ v A
_ _fI el
_ /O So(A)aA <0

Therefore, Vv € (0, A]

/OA Ag(A)dA < f’(/ov %Q(A)dA + /vAg(A)dA> — o),

which can be written as:

A
/ Ag(A)dA <
0

a-p)fV A

<fo0 ’ U_zjjlzl)ﬂ/g(A)dA—k/w g(A)dA}

2. We show that there exists a unique u = A*?(p) € (A%(p), A) such that

A - (1—1;)fv pA A22(p)
Ag(A)dA = ————¢g(A)dA A)dA|.
[ asan=gr| [ e uiﬁv9(>d]

Define 9(u) for u € [%,A]:

wwzﬂﬁ” G(A)dA,

a-pfv
— 7V A A
¢(%) =0and Y(4) = fV f@ g(A)dA.

By assumption, g(A) > 0. Therefore,

Op(u)

50 =1 9w >0,

¥ (u) is differentiable and therefore continuous, and is strictly increasing
in u.
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Hence, there exists a unique u = A%%(p) € (Ao(p)7 [1) such that

A a-pfv
_ v pA .
/0 Ag(A)dA = [ [ /0 I AA+ w2 2<p>)] ,

which can be rewritten as:

A a-pfVv A2A2(p)
_ 7l i pA
/0 Ag(A)dA = f {/0 A=p7" g(A)dA + AZ”V g(A)dA].

Environment 2: Optimal Production of Evidence — Step
2

Remember that Environment 2 occurs when Co(A) < C1(A) VA € [0, A] and

A< (ClgAg — 1) V. We characterize the optimal probabilities of investiga-
tion.

Proposition 2 shows that there are two main p-segments in Environment
2, p-Segment 1 where p € (0,p°] and p-Segment 2 where p € (p°,1). It
also shows that the interim probabilities of investigation are as follows. p-
Segment 1: go(A4) = (& )fV <1 and ¢1(A) =0 VA € [0, A]. p-Segment 2:
q(4) = (& )fV <1 and ¢1(A) =0 for A € [0, A°(p)], and go(A) = 1 and
a(A)=1- W for A € (A%(p), A]. p° = fJJrA and A°(p) = (%)Jw

We first verify whether the liable injurer’s incentive-compatibility con-
straint (2) is satisfied:

i A
/ Ag(A)dA < [T / do(A)g(A)dA. (2)
0 0

Given that qo(A) > 0 across p- and A-values but f7 is restricted to f7,
constraint (2) might be satisfied only for sufficiently high p-values.* Hence,
adjustments to the interim probabilities of investigation to increase go(A)
while keeping the victim’s incentive compatibility constraint (1) satisfied
might need to be implemented for low p-values. Finally note that, when

54Note that go(A) = (% ) v < 1for p € (0,p°] across A-values and for p € (p°, 1) and
low A-values, and go(A) = 1 for p € (p°, 1) and high A-values. Note also that (8;”)

> 0.
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p € (0,p°], ¢1(A) = 0 VA € [0, 4], and when p € (p°,1], ¢1(A) = 0 VA €
[0, A%(p)]. Therefore only Procedure 2 should be apphed in those cases.?®

Corollary 5. In p-Segment 1 when A € [0, A] and p-Segment 2 when
€ [0, A%(p)], only Procedure 2 can be implemented.

5.0.1 Characterization of p-Segments

This section shows that the optimal production of evidence depends on the
probability of liable injurers p. Proposition 6 demonstrates that there are
three mutually-exclusive p-segments in Environment 2 that differ in the im-
plementation of the adjustment procedures, and hence, in the optimal proba-
bilities of investigation: p-Segment 1.1 where p € (0, p], p-Segment 1.2 where
p € (p,p°] and p-Segment 2 where p € (p°,1). It also shows that p = p.

Proposition 6. Suppose Co(A) < C1(A) VA € [0, 4], A < (C (A) nfv
and p € (0,1). There are three p-segments: p-Segment 1.1 where p € (0, p],
p-Segment 1.2 where p € (p,p°] and p-Segment 2 where p € (p°,1).

Next, we provide an intuitive discussion. Appendix A presents a formal
proof.

Characterization of p: p-Segments 1.1 and 1.2

Suppose p € (0,p"]. This section characterizes p and demonstrates that p-
Segment 1 is divided into two segments: p-Segment 1.1 where p € (0, p] and
p-Segment 1.2 where p € (p, p°].

Define p as the p-value such that the liable injurer’s incentive-compatibility
constraint evaluated at the interim probabilities of verification is satisfied as
an equality:

A A o
_ 7l b \A
| astaaa =it [ () spaaa @
which can be rewritten as:
A f_-I 7 A
Ag(A)dA = =— [ —— Ag(A)dA.
| astaa =45 (=) [ agtaa

55Remember that Procedure 2 consists of increasing qo(A) without reducing g1 (A) until

constraint (2) is satisfied as an equality while keeping constraint (1) satisfied.
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Hence,

N
b= Wa
where 0 < % < 1. Finally note that
R "
p= W =b

and p < p®, by Proposition 5.

Hence, p divides p-Segment 1 into two main segments p-Segments, p-
Segment 1.1 where p € (0, ] and p-Segment 1.2 where p € (p,p°]. Propo-
sition 6 verifies that p-Segment 1.2 and p-Segment 2 are not divided into
additional p-segments.

5.0.2 Optimal Probabilities of Investigation

p-Segment 1.1

Suppose p € (0,p]. The interim probabilities of investigation are ¢o(A) =

(ﬁ)% < 1and q;(A) = 0 VA € [0, A]. In case of requiring adjustments,
only Procedure 2 could be applied. At the interim probabilities of verifica-
tion:

/AAg<A>dA>f’ /A( P )J;‘;g<A>dA,

0 o M-—p

p
by the definition of p and a(é?) > 0. Therefore, Procedure 2 should be
implemented. Starting at the lowest value of A, the social planner should
increase go(A) to 1 without reducing ¢;(A) only for A € [0, A*!(p)], where
A'1(p) is the A-threshold such that the liable injurer’s incentive-compatibility
constraint holds as an equality:

/OA Ag(A)dA = ff{/OAlll(p) 1g(A)dA+/:_l(p) (&Q)ﬁg(A)dA}.

Hence, A'!(p) = A'(p). Lemma 4 verifies that there exists a unique A'(p)
and that A'(p) < A. Lemma 4 also verifies that there exists a unique A'(p)
and that A'(p) = 0. Therefore, when p = p,

/ " agaaa= g / NEREVI

L—p/ fv
88



which is aligned with the definition of p.

Hence, the optimal production of evidence for p-Segment 1.1 involves the
following optimal probabilities of investigation: go(A) = 1 and ¢1(A) = 0
for A € [0, A1(p)], and go(A) = ( P )% and ¢ (A) = 0 for A € (Al(p), 4],

1-p
where p = fvfij_/f—l and Al(p) is implicitly defined using the liable injurer’s

incentive-compatibility constraint holding as an equality, fOA Ag(A)dA =

]H[fOAl(p) g(A)dA—l-fIfl(p) (&)%g(A)dA}. The optimal social welfare loss
function for p-Segment 1.1 is:

SWLM = H+E[C(A)]"! + 0E[n(A)] + AE[§(A)] =
_ / " Ag()aas
0

A~(p) A P A
+(1p)[/0 C’O(A)g(A)dAJr/Al(p) <1_]9>]?\/00(A)9(A)d‘4 +0+0.

p-Segment 1.2

Suppose p € (p,p°]. The interim probabilities of investigation are go(A4) =

(ﬁ)}% <1 and ¢ (4) =0 VA € [0, A]. In case of requiring adjustments,
only Procedure 2 could be applied.
Given that p > p, at the interim probabilities of verification:

/OA Ag(A)dA < f! /OA (%) ﬁ/g(A)dA

L—p
Il —E—
by the definition of p and (é; ) > 0. Therefore, the implementation of
Procedure 2 is not required. At the optimal probabilities of investigation,
the liable injurer’s incentive-compatibility constraint is satisfied as a strict
inequality.
Hence, the optimal production of evidence for p-Segment 1.2 involves

the following optimal probabilities of investigation: gq(A) = (ﬁ)% and
q1(A) =0 VA € [0, 4], where p° = f‘{i - The optimal social welfare loss for

p-Segment 1.2 is:
SWL'? = H+E[C(A)]"? + +0E[n(A)] + AE[{(A)] =
A A p A
_ /0 Ag(A)dA + (1 —p) /0 (1p> Z-ColA)g(A)dA+0-+0.
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p-Segment 2

Suppose p € (p°,1). The interim probabilities of investigation are: go(A) =

(& )fV <1 and q1(A) =0 for A € [0, A°%(p)], and qo(A) = 1 and ¢;(4) =
— V _

W for A € (A%(p), A], where p° fV+A and A°(p) = (%)JW

In case of requiring adjustments, only Procedure 2 could be applied for A €

[0, A%(p)].

Given that p > p, at the interim probabilities of verification:

/OAAQ(A)dA</OAO(p)< P )A (A)dA+/A 1g(A)dA,

f VI A°(p)

by the definition of p and ( p”) > 0. Therefore, the implementation of
Procedure 2 is not required. At the optimal probabilities of investigation,
the liable injurer’s incentive-compatibility constraint is satisfied as a strict
inequality.

Hence, the optimal production of evidence for p—Segment 2 involves the
following optimal probabilities of investigation: go(A4) = (1% ) fV and ¢ (A) =

0 for A € [0,A%{p)], and go(A) = 1 and ¢;(A) = 1 — ——L—~ for A €

) (A+fV)
(A%(p), A], where A°(p) = (1%9)]?&/ and p¥ = f‘f The optimal social
welfare loss for p-Segment 2 is:

SWL? = H +E[C(A)]* 4+ 6E[n(A)] + AE[¢(A)] =

- /0 " Ao+ (1 - p) [ /O " (lfp) J;‘;cc)(A)g(A)dM

Table 2 summarizes the optimal production of evidence for each p-segment
in Environment 2. Similar to Environment 1, our analysis suggests that the
optimal production of evidence involves just a subset of legal cases.

When the probability of liable injurers is sufficiently low (p < p°), the
victim’s gains from misreporting are low. Therefore, the production of evi-
dence just in legal cases where the injurer reports to be non-liable suffices to
incentivize the victim and the liable injurer to truthfully report their types.
When the probability of liable injurers is sufficiently high (p > p"), the vic-
tim’s gains from misreporting are high and these gains increase with the
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Table 2: Optimal Production of Evidence — Environment 2

p-Segment A-Segment® Optimal go(A)  Optimal ¢ (A)
p-Segment 1.1 A €0, A (p)] 1 0

p € (0,p] A€ (Al(p), 4] (ﬁ)fiv 0
p-Segment 1.2 A €10, 4] (ﬁ)fi‘/ 0

p € (5,p°]

p-Segment 2 A €0, A%(p)] (&) f’iv 0

pe 1) A€ (Ap), A] 1 1-

Note: *A'-1(p) = Al(p) Vp € [0,7].

reported damages. If the victim untruthfully reports relatively low damages,
the gains from misreporting are lower. Therefore, the production of evidence
just in legal cases where the injurer reports to be non-liable suffices to in-
centivize the victim and the liable injurer to truthfully report their types.
If the victim untruthfully reports relatively high damages, the gains from
misreporting are higher. Therefore, the production of evidence in the legal
cases where the injurer reports to be non-liable and legal cases where the
injurer reports to be liable is required to incentivize the victim to truthfully
report her type.

Proof of Proposition 12. Although A2 is a function of p and oy, i.e.,
A2%1(p, ay), to simplify the notation, we use A%! in (most parts of) the proof.
To simplify the notation, we also denote E[C(A)] + AE[¢(A)] as S. Finally,

we denote 608’715{4) as C{(A) (1 =0,1).

Consider first the characterization of the optimal «q first. The .S function
does not depend on «g. Hence, across cases, any ag € [0, 1] is optimal.

Consider now the characterization of the optimal ;. The proof consists of
several steps.

1. Evaluate the sign of g—asl. By the Chain Rule,

oS
day
A2.1 A2.1
— [ S rCal a2 ) = o1+ ) (7 ) (A a4
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6“‘21+/A oA (2 ) G (Ag(A)da,

day A2.1 A+ fV
where
A
8A2'1 _ fAQ.l ﬁcl (A)g(A)dA
({90[1 a A21 A2 '
A 4 (1= ) i () gae)

das can be rewritten as:

i

80&1 p A21 A+fv
» _IL}Z\;IC (Az'l)7(1+A041)A21+val(A21) -
A21 fI (1_a1)A21+ijI(A21)

Ay
—p /A T O A)da

{( Gl ) — s i)

o ﬁf (1-a1) A’f‘j}v C1(A%1)
( + g Ci4? 1))

;‘;ﬁ fl <1 —an) g O (A 1)}

Consider the numerator of the expression in brackets. Analyze the sign
of the first term in parenthesis:

2. 2.1 9.
(jj;VCO(AQ 1) 142114_’_'#/01(1421)> > L(Co(A2 1) Cl(AZ.l)) >

fV
A21 2.1 2.1
>f—(Co(A ) — (14 A)Cy(A%1)) > 0.

H(A21) — A% C’l(A“)) < 0. This

fv AT FV
term can be larger or smaller than the positive second term of the nu-
merator, A( f fl+ AzAlilfV C1 (A% 1))7 by absolute value. Hence,

the sign of (%Sl is arnblguoub7 and depends on A. In other words, any
sufficient conditions that solve this ambiguity should include A.
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2. Define A%(a;) as the A-function that results from equating a%i to zero.

A°(a) will be used to find sufficient conditions and characterize a; in
Step 6 of this proof.

Equate to zero, solve for A and denote this function of c; as A(ay):

A2 1+fV

13?2\}1 1—p f! + AzAlerlfv C(1 (A2 1) .

Af‘lch(AQ.l) A1 Cl(A2 1)
P

3. Evaluate the sign of %ﬁ“). A%(1) depends on «a; through A% (p, ay)
only. By the Chain Rule,

OA%(ay)  OA°(ay) DA

dag  0A%1 day
A
8A2'1 _ fA2.1 ﬁcl(A)g(A)dA <0
Oa n 2.1 2.1 '
' ‘L} ( )fI (1- 1)142'.417+fv01(Az'1) g(A%1)

Evaluate now the sign of ag A(2 . U AO(Oq) can be rewritten as:

(A1 4+ FV)Co(A>) = Y€y (A*)

0 _
N(ay) = (A21 +fV ( )fI +fVC’1( 1)
Define ¥ = £ pr
8A0(a1) -
ot =

_ [Go(A%h) + (A2 4 FV)Cp(A%) — FYVIIA%T + FV)8 4+ FV O (A%Y)]

[(A2.1 +.}FV)\I;+]¢_'VC'1(A2.1)]2
W FYCAP DA 4 JY)Co(AM) — [V Cy (A )]
[(A21 + fV)W + fV Oy (A1)]? '

This expression can be rewritten as:

8AO (Oq)
§A%1
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_ CL(APD) FY(Co(A%Y) + ) + (A% + FV)2Ch (A%
) (A2 FOW + VO (a2 P
(421 4 JV) Y (A1) Cy (A%
[(A21 VYU + fV O (AZ1))2
(A2 )Y CUA) (Col(A42) + W)
(2T Yw+ JY G (amE
Terms in the first two lines are positive and the term in brackets (third

line) is negative Therefore, the sign of 83 A(2 11) is ambiguous. Hence,

(1)

the sign of oA is ambiguous.

Solve the ambiguity of the sign of M by findings sufficient condi-

tions on C'(A) Take the numerator of aA(Q 11), equate it to zero, and

solve for C7(A?1). Therefore, when

ci(A21) =
CL(A* D]V (Co ™) + 125 )
(AT 4 )TV (ColA ) + 12, 71)
(A1 4 JYPCH AN 2T + (A 4 V)Y Ch( A1)y (A%
(T4 V)PV (AT + 12, 77) |

ag;g(ﬁl) = 0. Define u as

CL(A)FY (Co(A) + 12577
A+ TV Col) + 12 1)

(A+ FVRCHA) 2 FT + (A+ V) FY CHACL(A)
(A+ )TV (ColA) + 2 1T)

w=

When %X‘) > u VA € [0, 4], the numerator of 83 A(Qaf) is negative.

Therefore, 82:(511) < 0 and hence, Mai() > 0.
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When %Xq) < p VA € [0, A], the numerator of 821(20,‘11) is positive.

0 0
Therefore, 818\ A(;_"f) > 0 and hence, MT(fl) <0.

When 80817? = pu VA € [0, A], the numerator of 20 () g equal to

5AZ21
AN (o) A (1) _ 0.

zero. Therefore, ZSazi- =0 and hence, S

4. Define A° = max,, A°(a;) and A° = min,, A%(ay).

a8
dag

)
5. Evaluate the sign of —3-.

aBS A A
o _ / — 1 (A)g(A)dAx
o P . Aar vt

(A2.1 +fV)fl%pr+fVCl(A2.l>
g [(A?-1 + )+ (L= an)fVCi (A2

> 0.

6. Find sufficient conditions and characterize the optimal ;. Steps 3—
5 of this proof are used to characterize three mutually-exclusive A-
segments, Cases 1-3.56

Case 1: If A < A°, then A < A%a;) Yoy € [0,1], by the definition

as

of A°. Therefore, 25 < 0, by the definition of A%(a) and a? > 0.

’ 80&1
Hence, the optimal oy = 1.

Case 2: If A > A% then A > A%(ay) Yoy € [0,1], by the definition

— o525
of A°. Therefore, {%‘Z > 0, by the definition of A%(c;) and =53+ > 0.
Hence, the optimal a; = 0.

Case 3: If A € [A°, A°], then A < A°(ay) for some a; € [0, 1] and/or
A > A%ay) for some a1 € [0,1], by the ambiguity of the sign of

0
56In Cases 1 and 2, we do not use the result about the sign of BAT(TI). Hence, additional

0
conditions to solve the ambiguity of the sign of MT(TI) are not required. Additional

conditions are only required in Case 3.
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AN (1)

Doy

due to the ambiguity of the sign of 831(20,‘11) (Step 3 of this

proof). Hence, additional sufficient conditions are required.

Next, we characterize three mutually-exclusive cases such that

AN (1)
c’)al

is lower than, equal to or greater than zero, Cases 3(a), 3(b) and 3(c).
We use the conditions on p derived in Step 3 of this proof.

(a) IfacaliéA) > VA € [0, A], then, 9A°(a) < 0. Therefore, %ﬁ‘l) >

0.

i

ii.

iii.

0A21

If A =A% then A < A%a) for a; € (0,1] and A = A%(ay)
for oy = 0, by the definition of A°. Therefore, (,%i < 0 for
a; € (0,1] and 8%91 = 0 for ay = 0, by the definition of
A°(ay). Hence for A = A, argmin,, ¢jo,1{S} = 1.

If A =AY then A > A%y) for a; € [0,1) and A = A%(ay)
for a; = 1, by the definition of A°. Therefore, 067?1 > 0 for
ap € 10,1) and E%Sl = 0 for ay = 1, by the definition of
A%(v). Hence for A = A, argmin,, ¢jo0,11{S} = 0.

If A € (A%, A?), then A < A°(ay) for some o € [0,1] and A >
A%(a) some other o € [0, 1], by the definitions of A” and A°.
Therefore, (%0’1 < 0 for some oy € (0,1] and BBTi > 0 for some
other oy € [0,1], by the definition of A%(;). Given that S
is a continuous function of ay € [0,1], by the Extreme Value

Theorem, an optimal a; exists. Next, we evaluate whether
there exists corner and/or interior optimal a;.

We start by showing that a; € (0,1) is not an optimal a;.

By the continuity of A°(a;) and o) 0, there exists a

day
unique o € (0,1) such that A = A%(«). Given that A%(a)
is strictly increasing in a1, when oy € (0, ), A > A%(a) and
therefore, 8‘% > 0; and, when o € (0/1, 1), A < A° and there-
fore, 86—51 < 0. As aresult, o) € (0,1) = arg max,, gjo,11{5%}
Hence, an optimal corner ay = 0 and/or a; = 1 must exist.
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Next, we find additional sufficient conditions and characterize
the corner optimal ;.

A
S(an, A) = /0 Ag(d)dA+

A A
+p(1 + Aay) /,42 ) (W)Cl(A)g(A)dA+
P,

A2'1(p,a1) A
tp / T ColA)g(4)dA
0

Compare S at optimal a; = 1 and optimal oy = 0. Optimal
a1 = 1 occurs when A = A°, by point (i).

Sla; =1,A=A) < S(a1 =0,A=A).
Optimal a; = 0 occurs when A = A°, by point (i).

S(a; =0,A=A) < S(a; =1,A =A7).

Hence, either ai; = 0 or a; = 1 can be optimal under certain
conditions on A.

We now characterize the sufficient conditions on A under which
a1 = 0 is optimal and a; = 1 is optimal. First, analyze the
relationship between A and S for @y = 0 and «; = 1. Note

that A does not affect A%1(p, aq).

dS(ay = 1,A) /A A
At S b — = C1(A)g(A)dA >0
oA P Jaziomy A4V 1{A)g(4)
and
08(n =0.4) _
A -

ie., S(a; = 1,A) is strictly increasing in A and S(a; =0, A)
is constant. Therefore, the two curves can cross in just one
point. Hence, by the continuity of S(a; = 0,A) and S(a; =
1,A) with respect to A, there exists a unique A such that
S(ag = 1,A) < S(aq = 0,A) for A € (A, A], and S(a; =
1,A) > S(a; = 0,A) for A € (A, A). Hence, S(a; = 1,A) and
S(cy = 0,A) intersect at point A = A.
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Characterize A. At A = A, S(ay = O,A) =S = 1,A),

A A A% (p,0) A
/AzAl(pvo) mcl (A)9<A)dA+/O cho(A)g(A)dA =
. A A
=(14+47) /142-1([)71) m01(A>g(A)dA+

A2,l(p, ) A
+1A 7 Co(A)g(4)dA

Solving for A, )
A=
fA2 1(p,0) A+fV Ci(A)g(A)dA + fOAz'l(p’O) %C'O(A)g(A)dA
Jios oy T Cr(A)g(A)dA
k'm”Acman
fA2 1oy T C1(A)g(A)dA

Hence, the optimal a; are as follows.

A. If A € (A, A], then the optimal oy = 1.

B. If A € (A, A), then the optimal a; = 0.

AA% () <

(b) If%yl) < uVA €0, A], then, oA (a) . Therefore, 2 Do

A1
0.

i. If A =A° then A < A%ay) for a; € [0,1) and A = A%(ay)
for oy = 1, by the definition of A°. Therefore, 8%;1 < 0 for
a1 € [0,1) and (%i = 0 for ay = 1, by the definition of

A°(ay). Hence for A = A% arg ming, eo,1){5} = 1.
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ii.

iii.

If A =A% then A > A%ay) for oy € (0,1] and A = A%(ay)
for a; = 0, by the definition of A°. Therefore, é%i > 0 for
a; € (0,1] and C,%i = 0 for ay = 0, by the definition of
A%(cv). Hence for A = A% arg ming,, ¢jo,11{S} = 0.

If A € (A,A), then A < A%(ay) for some g € [0,1] and A >
A%(a) some other a; € [0, 1], by the definitions of A” and A°.
Therefore, c’%i < 0 for some oy € (0, 1] and (%i > 0 for some
other oy € [0,1], by the definition of A%(;). Given that S
is a continuous function of ay € [0, 1], by the Extreme Value

Theorem, an optimal a7 exists. Next, we evaluate whether
there exists corner and/or interior optimal «.

We show that there exists an interior o; € (0,1) for each
— 0

A € (A, A%). By the continuity of A°(a;) and MT(;?I) <0,

there exists a unique a; € (0,1) such that A = A%(a)). At

o = ay, 887“?1 = 0 by the definition of A°(a;). When a; €

(0,0), A < A%ay), by %ﬁfl) < 0. Therefore, (%Sl < 0.

When o € (0/1,1), A > A° by %(?1) < 0. Therefore,
aaTi > 0. Hence, o) € (0,1) = argming, epo,11{S}

Given that (%i < 0 for oy € (0,a;) and (%i > 0 for ay €

/ . .
(aq,1), a corner optimal ay, zero or 1, does not exist.

(c) If %IE\A) = p VA € [0, A], then oA (1) _ . Therefore, M (1) _

0A21 day

0. Hence, A%(a;) = A%(ay) = A°.

i

ii.

iii.

If A < A% then 25 < 0 Vay € [0,1], by the definition of
A°(a). Hence, the optimal oy = 1.

If A > A°, then %‘Z > 0 Va; € [0,1], by the definition of

A°(a). Hence, the optimal oy = 0

If A = A% then 25 = 0 Va, € [0,1], by the definition of
A%(a). Hence, any a; € [0, 1] is optimal.
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Appendix B. Benchmark Model — Uniform Dis-

tribution Model and Numerical Example

This Appendix presents the model with a uniform distribution of damages
(Section B.1) and the numerical example (Section B.2) for the benchmark
model. We focus on Environment 1, p-Segment 2.1 where p € (p,p], and
Environment 2, p-Segment 2 where p € (p, 1].

B.1 Model with a Uniform Distribution of Damages

Assume that A is uniformly distributed over A € [0, A], where g(A4) = %
VA €[0,4], G(A) = 4, and [;* Ag(A)dA = 4.

Thresholds p and A2!.— p and A%!(p) can be explicitly defined.

Consider p. When p = p, the liable injurer’s incentive-compatibility
constraint is:

a-nfY

A _
1 - p pA 1
A=dA = 1/ —__ _dA.

/0 M=, (1-p)f’ A

_\FV
Let U = %. The liable injurer’s incentive-compatibility constraint can
be written as:

Solving for U:

Hence,

r
VA

Consider A%!(p). Suppose p € (p,p]. The liable injurer’s incentive-
compatibility constraint is:

A A (p)
1 - pA 1
A—=dA = fl/ ——— —dA,
/o A 0 (1-pfv A

p:
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which can be written as:

NI N

_pP (A% (p))* 1
1-pfv 2 A

Hence,

A2 (p) = A (1_1_’)JFV.
(p) o1

Social Welfare Loss Function for Environment 1.— Given the optimal
mechanisms and the assumption regarding the distribution of damages, the
social welfare loss function is as follows.

A% (p)
SWL* = H(A)+ (1—p) /0 ( P ) Jf‘l/OO(A)g(A)dA—S—

o /A2 1(p) VA + fV)C (A)g(A)dA =

A AV oy A CO (4) A A\ Ci(A)
_4 _ L dA.
2+( /O (1 p) dA+ /A2.1(p) (A+fv) A

Social Welfare Loss Function for Environment 2.— Given the optimal
mechanisms and the assumption regarding the distribution of damages, the
social welfare loss function is as follows.

A
Co(A)glA)id+(1-p) [ ColApg(apiar

AO
SWI2 = H(A)+(1-p) /0 (173‘;‘)]@

B.2 Numerical Example

The model with a uniform distribution of damages model is used to construct
this numerical example.
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Environment 1

Assume Cy(A) = Cy + cgA and C1(A) = C1 + c1A. The set of exogenous
parameters is:

{Co,C1,co,c1, FV, f1, A, p} = {1528,690,0.3,0.01, 1800, 3600, 1200, 0.45}.

Given that A = 1200, H = 4 = 600.

The model conditions are satisfied under this numerical example.

1. The condition for Environment 1, Co(A) > C1(A) VA € [0, A], becomes
1528 + 0.34 > 690 + 0.01 A. After simplification, 0.294 > —838 VA €
[0,1200].

2. The condition for Lemma 3 and first condition for Propositions 3 and
4, Cy(0) > C1(0), becomes 1528 > 690.

C1(A)

3. The second condition for Proposition 3, 8%0% < 0 VA € [0, 4], be-
comes
DEEEL  ¢Cy—coCy  0.01(1528) — 0.3(690)
0A  (Co+cpA)? (1528 +0.34)2
_
(1528 4+ 0.34)2
VA € [0,1200].

4. The third condition for Proposition 3, % > 0 VA € [0, A], becomes
¢o =0.3>0VA € [0,1200].

5. The second condition for Proposition 4 is Cy(A4) — Cp(0) < Ci‘(f}‘{v

VA € [0, A]. The left-hand side of the inequality is: Cy(A) — Co(0) =
coA = 0.3A. The right-hand side of the inequality is W

Evaluate the left-hand side at the highest A-value and the numerator
of the right-hand side at the lowest A-value and the denominator of
the right-hand side at the highest A-value. After simplification, 360 <

690) (1800
414 = (B00809) v 4 ¢ [0,1200].
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For an illustration, the next sections focus on p-Segment 2.1.

Social Welfare Loss Functions.— Given the optimal mechanisms and
functional forms for Cy(A) and Ci(A), the social welfare loss function is
as follows.

A A N A Oyt oA
721 - = 1_ / el 0 70 A
SW yH-n) | (l—p)fV A+

A
A Ci+ A
_ - dA =
+p/A2,1(p) (A—l—fv) A

A A2.1 2 A2‘1 3
Elag - E52) - ) - 1) -

(01— en V)V log(A+ V) — log(4>(p) + fV)J} ,

where A%1(p) = A,/ %. Using the set of exogenous parameters, SW L?-!
is computed.

Numerical Example.— The relevant p-thresholds are p = % =
0.33 and p = - U800E600) 982 Therefore, p € (0.33,0.82]. In this

(1800)(3600)+ 12002
example, p = 0.45 and therefore, A%!(p) = 938. Hence, the A-segments are
A €0,938] and A € (938,1200]. The optimal probabilities of investigation
for each A-segment, evaluated at the average A-values, A = 469 and A =

1069, are: qo(A) = (12555 ) 7a5 = 0.213 and ¢1(A) = 0; and, go(A) = 0 and

¢1(A) = % = 0.373. Intuitively, evidence might be produced only in

legal cases where the injurer reports to be non-liable and the victim reports
sufficiently low damages (A < 938). Evidence might be also produced in legal
cases where the injurer reports to be liable if the victim reports sufficiently

high damages (A > 938). The expected harm from an accident, equal to the

expected victim’s damages, is H = @ = 600. The optimal expected cost

of producing evidence for p-Segment 2.1 is E[C(A)]?! = 343, the optimal
expected cost from the infringement of the victim’s right of access to justice
is OE[n(A)] = 0 and the optimal expected cost from the infringement of the
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right of the victims confronting liable injurers to be fully compensated is
AE[£(A)] = 0. Hence, the social welfare loss for p-Segment 2.1 is SWL?! =
H +E[C(A)]*! + 0E[n(A)] + AE[E(A)] = 600 + 343 + 0 + 0 = 943.

Environment 2

Assume that Cy(A) = Cpo+cpA and C1(A) = Cy+c1 A. The set of exogenous
parameters is:

{Co,C1,co,c1, FV, f, A} = {500,1200, 0.15,0.03, 1800, 3600, 1200}.

Given that A = 1200, H = 4 = 600.

The model conditions are satisfied under this numerical example.

1. The first condition for Environment 2, Co(A) < C1(A) VA € [0, 4],
becomes 500 + 0.154 < 1200 + 0.3A. After simplification, —700 <
0.15A, which holds VA € [0, 1200].

2. The second condition for Environment 2, A < (gégﬁ; - 1) Y, becomes

1200 < (% —1)(1800). Evaluate the numerator of the fraction

in the right-hand side of the inequality at the lowest A-value and the
denominator of the fraction in the right-hand side of the inequality at

the highest A-value: 1200 < 1376.47 = (2% —1)(1800) VA € [0, 1200].

680

3. The condition for Lemma 3 and first condition for Proposition 3, C(0) >
0, becomes 500 > 0.

4. The second condition for Proposition 3, acg)ng) > 0 VA € [0, A], be-
comes 0.15 > 0 VA € [0, 1200].

For an illustration, we focus on p-Segment 2 in the next two sections.

Social Welfare Loss Functions.— Given the optimal mechanisms and the
functional forms for Cy(A) and C;(A), the social welfare loss function is as
follows.

A
SWL2 _ g_’_(l_p)/ ( pA CO +700A
0

AC()—FCoAd
1—p)fv A A

dA+(1— A
+( p)/AO Y +
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Table B1: Numerical Example — Optimal Production of Evidence

Environment p-Segment  A-Segment  Optimal go(A)*  Optimal g1 (A)*
Environment 2 (0.60, 1] [0,735] go(A) = 0.501 q1(A)=0
(p-Segment 2) (735,1200] g (A) =1 q1(A) = 0.084

Note: ®For each A-segment, go(A) and g1 (A) are evaluated at the average A-value; p =

0.71 is used.
[l ()
_ _ _ A=
+p/Ao [1 p(A+fY) A !
A A0)2 A3 1— _ A2 A9)2
:§+f5A |:C()( 2) +Co( 3) :|+ Ap C()(A—AO)-FC()(?—( 2) ) +
- A2 40)2
e
f_V

—{ea(A =A%)+ (Cr —erf)llog(A+ f7) —log(A” + f7)]}.

Using the set of exogenous parameters, SWL? is computed.

Numerical Example.— Table Bl summarizes our results. The relevant

p-threshold is p° = g5 = 0.60. Therefore, p € (0.60,1]. In this

example, p = 0.71 and therefore, A°(p) = 735. Hence, the A-segments are
A € [0,735] and A € (735,1200]. The expected harm from an accident,

equal to the expected victim’s damages, is H = 122 = 600. The optimal

probabilities of investigation for each A-segment, evaluated at the average

A-values, A = 368 and A = 968 are: qo(A) = (25) o8 = 0.501 and

¢1(A) =0and, ¢go(A) =1land ¢;(A) =1— % = 0.084. Intuitively,

evidence might be produced only in legal cases where the injurer reports to
be non-liable and the victim reports sufficiently low damages (A < 735).
Evidence might be also produced in legal cases where the injurer reports to
be non-liable and liable if the victim reports sufficiently high damages (A >

735). The expected harm from an accident, equal to the expected victim’s

damages, is H = @ = 600. The optimal expected cost of producing

evidence for p-Segment 2 is E[C(A)]? = 157, the optimal expected cost from
the infringement of the victim’s right of access to justice is 0E[n(A)] = 0 and
the optimal expected cost from the infringement of the right of the victims
confronting liable injurers to be fully compensated is AE[(A)] = 0. Hence,
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the social welfare loss for p-Segment 2 is SWL? = H+E[C(A)]*>+0E[n(A)]+
AE[£(A)] = 600 + 157 + 0 + 0 = 757.
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Appendix C: Model with Endogenous Cost Al-

location

This appendix presents the formal analysis of the model with endogenous
cost allocation. It also includes the proofs of propositions (except for Propo-
sition 12), lemmas and claims. The model setup and intuitive discussion are
presented in the main text of the paper, Section 6. The proof of Proposition
12 (main proposition) is included in Appendix A.

As stated in Section 4, we assume that the victim and the injurer might
pay a share of the cost of producing evidence. Therefore, the transfers and
fines that result from the production of evidence are as follows. First, when
reports are not investigated, the injurer transfers ¥ to the victim if r/ = 1.
Second, when the reports are investigated and found to be truthful (rV = A
and r! = L), the injurer transfers r" to the victim if 7/ = 1 and pays (1 —a;)
of the cost of producing evidence C;(A) (i = 0,1). The victim pays «; of
the cost of producing evidence C;(A) (i = 0,1). Third, when the reports are
investigated and the injurer’s report is found to be untruthful (7! # L), the
injurer pays fine f! € [0, f!] to the social planner, and the social planner
transfers " to the victim if L = 1 and pays (1 — ;) of the cost of producing
evidence C;(A) (i = 0,1). The victim pays «; of the cost of producing
evidence C;(A) (i = 0,1). Fourth, when the reports are investigated and the
victim’s report is found untruthful, the victim does not receive any transfers
and pays fine f¥ € [0, fV] to the social planner, and the social planner pays
a; of the cost of producing evidence C;(A) (¢ = 0,1). The injurer pays
(1 — a4) of the cost of producing evidence C;(A) (i = 0,1). Fifth, when
the reports are investigated and the victim’s and injurer’s reports are found
untruthful (r¥ # A and 7! # L): The victim does not receive any transfers,
the victim and the injurer pay fines fV € [0, fV] and f! € [0, f!] to the
social planner, and the social planner pays the cost of producing evidence
Ci(A) (i =0,1).57

Players’ Constraints

Victim’s Individual-Rationality Constraint.— By participating in the
mechanism and truthfully reporting her type, a victim with type A gets
compensation A when the injurer is liable and pays an expected share of
the cost of verification equal to [pajqi(A)Ci(A) + (1 — p)aogo(A)Co(A)].

57The social planner pays a; and (1 — ay) of the cost of producing evidence C;(A)
(i =0,1).
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Her expected payoff is pA — [pa1q1(A)C1(A) + (1 — p)aogo(A)Co(A)]. The
victim gets zero compensation if she decides not to trigger the mechanism.
Therefore, the victim’s individual-rationality constraint is: VA € [0, A],

pA — [pa1q1(A)C1(A) + (1 — p)aogo(A)Co(A)] > 0.
Rearranging terms:

p(A—a1q1(A)C1(A)) = (1 = p)ango(A)Co(A) = 0.
In contrast to the benchmark model, this constraint is not trivially satisfied.

Victim’s Incentive-Compatibility Constraint.— By truthfully reporting
her type, the victim with type A gets compensation p(A —a1q1(A)C1(A)) —
(1 = p)apqo(A)Co(A). Clearly, no victim has an incentive to report a lower
type. When the victim reports a (weakly) higher type, A’ € [0, A], she
gets a compensation A’ > A when investigation does not occur, and gets
no compensation and pays fine f¥ (which includes her share of the cost
of producing evidence «;) when investigation occurs. Her expected payoff
is p(1 — qi(A)A" — [pg1(A") + (1 — p)go(A")]fY. Therefore, the victim’s
incentive-compatibility constraint is: VA, A’ € [0, 4],

p(A — a1q1(A)C1(A)) = (1 = p)agqo(A)Co(A) >

> p(1— q(A)A = [pqi(A") + (1 = p)go(A)] V.

Note that, by setting the fine f¥ € [0, fV] as high as possible, the social
planner will spend less resources on investigation. Given that the victim
is financially constrained, fV = WV. Therefore, the victim’s incentive-
compatibility constraint is: VA, A’ € [0, 4],

p(A—a1q1(A)C1(A)) — (1 = p)ango(A)Co(A) =

> p(1 = qi(A)A" — [par(A) + (1 = p)ao(A)]FV.

Liable Injurer’s Incentive-Compatibility Constraint.— When the li-
able injurer truthfully reports his type, r = 1, he pays expected dam-
ages E[A] and a share (1 — 1) of the cost of producing evidence C7(A)
when investigation occurs. His expected payoff u); is u{u = —[E[4] +

(1—0a1)Elg (A)C (A)]] = — [ f3! Ag(A)dA+(1—an) [} q1(A)C1(A)g(A)dA].
By pretending to be non-liable, the liable injurer pays zero compensation
when investigation does not occur, and pays fine f!/ when investigation oc-
curs. His expected payoff ug, is uf, = —[E[(1 — ¢o(A))0] — f'E[q(A4)] =
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—fr fo qo(A)g(A)dA. By setting fI € [0, f] as high as possible, the so-
cial planner economizes on investigation efforts. Hence, the liable injurer’s
incentive-compatibility constraint:

i i A
/ Ag(A)dA + (1 - an) / 01 (A)Cy(A)g(A)dA < J! / 4o(A)g(A)dA.
0 0 0

Given that the injurer has limited financial resources, f/ = W.

Non-Liable Injurer’s Incentive-Compatibility Constraint.— When the
non-liable injurer truthfully reports his type, r = 0, he pays zero compen-
sation and pays a share (1—ag) of the cost of producing evidence Cy(A) when
investigation occurs. His expected payoff ué‘o is “é\o = —(1—ap)E[qo(A)Co(A)] =

—(1—ap) fOA q0(A)Co(A)g(A)dA. When the non-liable injurer reports to be
liable, r;, = 1, he pays compensation only when investigation does not oc-
cur, and pays a fine f! when investigation occurs. His expected payoff “i|0 is

uijp = —[E[(1—q1(A))A] - f E[q1 (A)] = — S = @A) A+ i (A) 11} g(A)dA
By setting f! € [0, f{] as high as p0851ble, the social planner economizes on

investigation efforts. Hence, the non-liable injurer’s incentive-compatibility
constraint:

A A )
(1—ao) / 20(A)Co(A)g(A)dA < / {1 =q(A))A+q(A) [T} g(A)dA
0 0

In contrast to the benchmark model, this constraint is not trivially satisfied.

The next claim shows the relationship between victim’s incentive-compatibility
constraint in the current model and the victim’s incentive-compatibility con-
straint in the benchmark model and the victim’s individual-rationality con-
straint in the model with endogenous cost allocation. This result simplifies
the procedure used to characterize the optimal mechanism.

Claims 7. The victim’s incentive-compatibility constraint in the current
model (for given ag and «q) holds when the victim’s incentive-compatibility
constraint in the benchmark model holds and the victim’s individual-rationality
constraint in the current model holds.

Proof. Remember that the victim’s incentive-compatibility constraint in
the benchmark model is: VA € [0, 4],

[pa1(A) + (1 = p)ao(A)]f > [p(1 — a1 (A)]A.
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This constraint can be rewritten as:

[p(1 = q1(A)]A = [pgi(A) + (1 = p)go(A)]f¥ <.

The victim’s individual-rationality constraint in the current model is:
VA € [0, 4],

p(A—a1q1(A)C1(A)) — (1 = p)ango(A)Co(A) = 0.

Combining the last two constraints: VA, A’ € [0, A]
P(A — 11 (A)C1(4)) — (1 - plaodo(A)Co(4) > 0 >

> [p(1 — q1(A)]A = [pgi (A) + (1 = p)go(A)]F"
which implies the victim’s incentive-compatibility constraint in the cur-
rent model is: VA, A’ € [0, A],

P(A — a1q1(A)C1(A)) — (1 = p)aoqo(A)Co(A) >

> p(1 = qi(A)A" — [par (A) + (1 = p)ao(A)]f",

The next claim demonstrates that that the liable injurer’s and non-liable
injurer’s incentive-compatibility constraints cannot be simultaneously vio-
lated. Importantly, this result holds for any set {ao, @1,q0(A),q1(A)} that
is not optimal (¢;(A) € [0,1] and «; € [0,1]. ¢ = 0,1). Hence, it suffices to
focus on the liable injurer’s incentive-compatibility constraint. This result
simplifies the procedure used to characterize the optimal mechanism.

Claim 8. (1) If the the liable injurer’s incentive-compatibility constraint is
violated or satisfied as an equality, then the non-liable injurer’s incentive-
compatibility constraint is satisfied. (2) If the non-liable injurer’s incentive-
compatibility constraint is violated or satisfied as an equality, then the liable
injurer’s incentive-compatibility constraint is satisfied.

Proof. Consider Part (1). Suppose the liable injurer’s incentive-compatibility
constraint is not satisfied or is satisfied as equality:

A A A
| Astaas @-an [ acig@iaz [ w@f g
0 0 0
Then, B )
A A -
| Astayaa / a1 (A) (T — A)g(A)dA >
0 0

110



A A
> [ agaaa+ - o) [T a(a)i(ga)ia >

i ) i
/0 do(A) FTg(A)dA > (1 - ag) / 4o(A)Co(A)g(A)dA.

Hence,

a i ) a
/0 Ag(A)dA+ / 01 (A)(F1 = A)g(A)dA > (1-ap) / 40(A)Co(A)g(A)dA.

Hence, the non-liable injurer’s incentive-compatibility constraint is satisfied.
Part (2) is verified using a similar approach. B

Social Planner’s Civil Justice Problem

As discussed in the main text of the paper, the only two relevant components
of the social welfare function for the characterization of the optimal cost
allocation and the optimal production of evidence are E[C'(A)] and AE[£(A)].
The social planner’s problem is:

min {E[C(A)] + AE[¢(A)]}.

qo(A,@0,01),q1 (A, 0,a1),a0,01

We adopt a five-step procedure to characterize the optimal probabilities
of investigation and the optimal share of the cost of producing evidence.
The first four steps characterize the interim probabilities of verification. We
take oy and «q as given but include the feasibility constraints 0 < «; < 1
(i = 0,1) in the analysis. In the last step, we use the interim probabilities
of verification to characterize the optimal oy and ;.

In Step 1, we characterize the interim go(A) and g1 (A) that satisfy the
victim’s incentive-compatibility constraint of the benchmark model (1), and
the feasibility constraints for ¢;(A) and «; (i = 0,1). By Claim 6, the vic-
tim’s incentive-compatibility constraint of the current model holds when the
victim’s incentive-compatibility constraint of the benchmark model and the
victim’s individual-rationality constraint of the current model hold. There-
fore, Step 1 corresponds to the first part of verification that the victim’s
incentive-compatibility constraint of the current model holds.

In Step 2, we evaluate whether the interim probabilities of investigation
satisfy the liable injurer’s incentive-compatibility constraint. By Claim 7, if
the liable injurer’s incentive-compatibility constraint is violated or satisfied
as an equality, then the non-liable injurer’s incentive-compatibility constraint
is also satisfied. If the liable injurer’s incentive-compatibility constraint is
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not satisfied under the interim probabilities of investigation characterized in
Step 1, adjustments to satisfy this constraint as an equality are implemented.
The non-liable injurer’s incentive compatibility constraint will be still sat-
isfied under the adjusted interim probabilities of investigation, by Claim 7.
If the liable injurer’s incentive-compatibility constraint is satisfied under the
interim probabilities of investigation characterized in Step 1 no further ad-
justments are required. Two mutually-exclusive cases occur. First, if the
injurer’s incentive-compatibility constraint is satisfied as an equality, then
the non-liable injurer is also satisfied and hence, no further adjustments are
required. Second, if the injurer’s incentive-compatibility constraint is satis-
fied as an inequality, then we need to verify whether the non-liable injurer is
also satisfied. If not, further adjustments to satisfy the non-liable injurer’s
incentive-compatibility constraint as an equality should be implemented. By
Claim 7, the liable injurer’s incentive-compatibility constraint will be still
satisfied under the adjusted interim probabilities of investigation.

In Step 3, we evaluate whether the interim probabilities of investiga-
tion characterized in Step 2 satisfy the victim’s individual-rationality con-
straint. If not, adjustments are implemented. Therefore, given Claim 6, Step
3 also corresponds to second part of verification that the victim’s incentive-
compatibility constraint of the current model holds.

In Step 4, we verify whether the interim probabilities of investigation still
satisfy the victim’s and liable injurer’s incentive-compatibility constraints. If
not, adjustments are implemented. We show that the optimal probabilities of
investigation of the benchmark model correspond to the interim probabilities
of investigation of this model. In contrast to the benchmark model, the
threshold A%!(p, ;) now depends on ay.

In Step 5, we characterize the optimal cost allocation and optimal pro-
duction of evidence. We first characterize the optimal cost allocation, oy and
ag by evaluating E[C'(A)] + AE[£(A)] at the interim probabilities of inves-
tigation, and minimizing this function with respect to ap and a;. We then
characterize the optimal production of evidence by evaluating the threshold
A%Y(p, 1) of the interim probabilities of investigation at the optimal a.

Step 1: Analysis of Victim’s Incentive-Compatibility Con-
straint (Part 1)

Claim 9. Suppose p € (0,1). Part 1 of the victim’s incentive-compatibility
constraint for a victim of type A € [0, 4], [pgi(A) + (1 — p)go(A)]fYV >
[p(1—q1(A)]A holds as an equality at the interim probabilities of investigation
0<¢q(4) <1 (i=0,1).
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Proof. The proof follows the same logic than the proof of Claim 1 of the
benchmark model. B

Claim 10. Suppose p € (0,1). Suppose A = (% — l)fv or A =
(gégfx% — 1)fv. The optimal mechanism is not unique for p > f"f%ﬁ

Proof. The proof follows the same logic than the proof of Claim 2 of the
benchmark model. B

Following the benchmark model, we define p° = f\f:_ 5 and A%(p) =

(1_77’) fV. Claims 3-5 of the benchmark model also hold here.

Proposition 7. Suppose p € (0,1). The interim probabilities of investi-
gation for a victim of type A are as follows.

1. IfA> (% —1)fY, then qo(A) =0 and ¢1(A) = ﬁ'

2. If A< (gégﬁg —1)fY and A < (%)fv, then qo(A) = (&)fiv and
a1(A) = 0.

3. If A< (Ml)f_v and A > (ll’%p)j?v, then qo(A) = 1 and ¢1(A4) =
1— L
p(fV+A)

Proof. The proof follows the same logic than the proof of Proposition 1 of
the benchmark model. B

Proposition 8. The interim probabilities of investigation for Environments
1 and 2 across victim’s types are as follows.
1. Environment 1: If Co(A) > C1(A)(1+A), then the interim probabilities
of investigation are: qo(A) = 0 and ¢1(A) = ﬁ < 1VYA € 10,4]
Vp € (0,1).

2. Environment 2: If Co(A) < C1(A) VA € [0,4] and A < (gégfx; -

l)fv VA € [0, A, then the interim probabilities of investigation are as
follows.
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(a) p-Segment 1: pr e (0,p°], then the interim probabilities of in-

vestigation are qo(A) = 1pp) #v and q1(A)=0VA€0,A.

(b) p-Segment 2: pr 6 (po, 1), then the interim probabilities of in-
vestigation are go(A (1p )fiv (md q1(A) =0 VA € [0,A%p)],
and qo(A) =1 and 4 (A) m VA € (A%(p), A].

Proof. The proof follows the same logic than the proof of Proposition 2 of
the benchmark model. B

The next sections are focused on Environment 1, p-Segment 2.1 (p €
(,9))->®

Adjustment Procedures

This section discusses technical aspects of the adjustment procedures that
can be implemented on the interim probabilities of investigation to satisfy
the liable injurer’s incentive-compatibility constraint.

Following the methodology presented in the benchmark model, we first
characterize Q;(4) (i = 1,2).

71
B Tt
(1-p) [C’o(A) — %f;)/\)}
o
D(A) = A= )Co(A)
Lemma 7. (1) Suppose Co(A) > C1(A)(1+ A) VA € (0, A]. If and only if

Co(0) > C1(0)(1 + A), Q1(A) > 0 exists YA € [0, A] and Voq €[0,1]. (2) If

and only if Co(0) > 0, Q3(A) > 0 exists VA € [0, A].

Proof. The proof follows the same logic than the proof of Lemma 3 of the
benchmark model. B

58 Formal analysis of p-Segment 1 and p-Segment 2.2 are available from the authors upon

request.
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Proposition 9. (1) Suppose C’o( ) > C1(A)(1+ A) VA € (0,4] and

Co(0) > C1(0) (1L + A). If CO(A) <0 VA € [0, A], then the implementation
of Procedure 1 should start at the lowest value of A. (2) Suppose Cy(0) > 0.
The tmplementation of Procedure 2 should start at the lowest value of A

Proof. The proof follows the same logic than the proof of Proposition 3 of
the benchmark model. B

Proposition 10.  Suppose Co(A) > C1(A)(1 + A) YA € (0, 4], Cy(0) >

c1(A)

C1(0)(1+A), Co(0) > 0 and B2 < 0 VA € [0, A]. If and only if Co(A) —
Co(0) < A+f‘{ VA € [0, 4] and Yoy € [0, 1], Procedure 1 is more efficient

than Procedure 2 across victim’s types.

Proof. The proof follows the same logic than the proof of Proposition 4 of
the benchmark model. B

Step 2: Analysis of Liable Injurer’s Incentive-Compatibility
Constraint and Verification of the Non-Liable Injurer

Incentive-Compatibility Constraint

The liable injurer’s incentive-compatibility constraint, evaluated at the in-
terim probabilities of investigation, is not satisfied:

/OA Ag(A)dA+ (1 - al)/OA (JWIj_A)CﬂA)g(A)dA > fI /OA 0g(A)dA.

Therefore, adjustments on the interim probabilities of investigation are re-
quired. By Claim 7, the non-liable injurer’s incentive-compatibility is satis-
fied.

The characterization of p, p, and the threshold A%!(p, ;) follows the
procedure applied in the benchmark model.

Consider first p. Following the benchmark model, p is defined as the level
of p such that, after exhausting Procedure 1 VA € [0, A], the liable injurer’s
incentive-compatibility constraint evaluated at the adjusted interim proba-
bilities of investigation is satisfied as an equality. Given that VA € [0, 4],
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ﬁ)fi and ¢1(A) is decreased from ﬁ
to zero, the relevant terms of the liable injurer’s incentive-compatibility con-
straint that define p are the same as in the benchmark model:

go(A) is increased from zero to (

/OA Ag(A)dA+ (1 — ) /OA 0C1(A)g(A)dA < f! /OA (1 ﬁﬁ> ﬁ/g(A)dA.

Hence, p = Proposition 11 shows that < p°.

fV

Consider now p. Following the benchmark model, p is defined as the p-
value such that, after exhausting the implementation of Procedure 1 for A €
[0, A°(p)], the liable injurer’s incentive-compatibility constraint evaluated at
the adjusted interim probabilities of investigation is satisfied as an equality,
where A°(p) = (%)f‘/:

A
/ Ag(A)dA + (1 — Oll)X
0

x[ /0 o 0(A)Cy(A)g(A)dA + / ! ( A )Ol(A)g(A)dA} -

AO(p) fTv+A
B A°p) 5 A A
_ 7l P VL ayda OAdA}
P g [ oo

Given that the liable injurer’s incentive-compatibility constraint now in-
cludes a term in i, p(ay). This p- hreshold is not the same as p in the
benchmark model.

Proposition 11. Suppose Cy(A) > C1(A)(1 + A) VA € (0, 4], Co(0) >
C1(0)(1+A) and p € (0,1). There are three p-segments: p-Segment 1 where
p € (0,p], p-Segment 2.1 where p € (p, p], and p-Segment 2.2 wherep € (p,1).

Proof. The proof follows the same logic than the proof of Proposition 5 of
the benchmark model. W

Finally, consider threshold A%!(p). Following the benchmark model, in
p-Segment 2.1, adjustment Procedure 1 should be exhausted only for A €
[0, A%1(p)], where A%1(p) corresponds to the A-threshold such that the liable
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injurer’s incentive-compatibility constraint evaluated at the adjusted interim
probabilities of investigation holds as an equality:

/A Ag(A)dA+ (1 —aq) X
0

x [ /O o 001 (A)g(A)dA + /A j_l(p) (fv‘iA)cl(A)g(A)dA} -

Y () A A
_ I P\ 2 A A A}.
LT () e */,42.1@)09( )d

Given that the liable injurer’s incentive-compatibility constraint now in-
cludes a term in oy, A%!(p, ay). This A-threshold is not the same as A% (p)
in the benchmark model.

Lemma 8. Suppose Co(A) > C1(A)(1+ A) VA € (0, 4], Co(0) > C1(0)(1 +
A) and p € (p,p]. There exists a unique 0 < A%1(p, o) < A.

Proof. The proof follows the same logic than the proof of Lemma 5 of the
benchmark model. B

The adjusted interim probabilities of investigation are summarized in the
main text of the paper, Corollary 1.

Next, we verify whether the non-liable incentive-compatibility constraint
is still satisfied. At the adjusted interim probabilities of investigation, the
liable injurer’s incentive-compatibility constraint is satisfied as an equality.
Hence, the non-liable injurer incentive-compatibility constraint is still satis-
fied, by Claim 7.

Step 3: Analysis of Victim’s Individual-Rationality Con-
straint and Analysis of Victim’s Incentive-Compatibility
Constraint (Part 2)

Lemma 9. Suppose Co(A) > C1(A)(1+ A) YA € (0, A], Co(0 > C1(0)(1 +
A) and p € (p,p]. The victim’s individual-rationality constraint is satisfied
under the interim probabilities of investigation presented in Step 2.
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Proof. For A € [0, A%Y(p, a1)], qo(A) = (&) 4 and ¢ (A) = 0. Then, the

g (
victim’s individual rationality constraint is: agCo(A) < f V. Remember that
V' =W" and WV > Cy(A) by assumption. Therefore, this constraint is
satisfied for A € [0, A%!(p, a1)] and no further adjustment is required. For

A€ (A%1(p,a1), A], @o(A) = 0 and ¢, (A) = f—vﬁ < 1. Then, the victim’s

individual rationality constraint is: a;C;(A4) < A + fV. Remember that
fV =WV and by assumption, WV + A > C;(A) for A € [0, A]. Therefore,
this constraint is satisfied for A € (A%1(p, a1), A] and no further adjustment
is required. W

Lemma 10 shows that the victim’s incentive-compatibility constraint that
can be expressed in terms of two constraints, the victim’s incentive-compatibility
constraint of the benchmark model and the victim’s individual-rationality
constraint. It also shows that the victim’s incentive-compatibility constraint
holds when both constraints hold.

Lemma 10. Suppose Co(A) > C1(A)(1+A) VA € (0, 4], Co(0) > C1(0)(1+
A) and p € (p,p]. The victim’s incentive compatibility constraint is satisfied
under the interim probabilities of investigation presented in Step 2.

Proof. By Lemma 9, the victim’s individual rationality constraint is satis-
fied. By Step 1 and given that additional adjustments are not implemented
in Step 3, the victim’s incentive-compatibility constraint of the benchmark
model is still satisfied. Hence, the victim’s incentive-compatibility constraint
is satisfied. H.

Step 4: Verification and Further Adjustments

Given that no further adjustment was required in Step 3, the interim prob-
abilities of investigation found in Step 2 still satisfy the victim’s incentive-
compatibility constraint and the liable injurer’s incentive-compatibility con-
straint. Hence, the interim probabilities of investigation presented in Step

2 still hold: For A € [0, A% (p, a1)], qo(A) = (ﬁ)fiv and ¢ (A4) = 0; for
A€ (A%1(p,a1), 4], qo(A) = 0 and ¢, (A) = ﬁ < 1. A%Y(p, ) is de-
termined implicitly by the liable injurer’s incentive compatibility constraint
written as equality: fOA Ag(A)dA + f;‘l(p,al)(l — a1)ﬁ01 (A)g(A)dA =
fr fOAQ-l(p’al) (ﬁ)}%g(A)dA. The interim probabilities of investigation in
this model correspond to the optimal probabilities of investigation of the
benchmark model. In contrast to the benchmark model, now the threshold

A?1(p, ) also depends on a.
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Step 5: Optimal Cost Allocation and Optimal Produc-

tion of Evidence

We characterize the optimal «; (i = 0,1) and then, evaluate A%!(p,a;) at
the optimal «ay to characterize the optimal production of evidence.

The social planner problem is ming,ejo,1],a,ef0,11{E[C(A)] + AE[(A)]}.
To simplify notation, we denote E[C(A)] + AE[¢(A)] as S, and use this no-
tation in the proofs of Claim 9 and Proposition 9.

The next claim shows that E[C'(A)] negatively depends on a; and E[{(A)]
positively depends on «;.

Claim 11. Suppose Cy(A) > C1(A)(14+A) VA € (0, 4], Co(0) > C1(0)(1+A)
nd € Gl (1) 0] <o, (3) 25al -

Proof. Although A?1(p, ay), to simplify notation, we use A% in the proof.

1.
A2.1
A
BOW) = (1-p) [ o aias
4
+p o WOI(A)Q(A) =
421 A A A
= p[/o v =7 Co(A)g(A)dA + /A M,Cl(A)Q(A)]~
By the Chain Rule,
OE[C(A)]
e =
A2 A2'1 aA2.1
[ * Co(AZ1)g(A21) — (M)Cl(AQ‘l)g(AQ'I)} Far
where
paz1 Jaor 5 Cr(A)g(A)dA
ooy |:A21 fI ( 1)1421.411}‘/01(A2.1):|g(142‘1)
SE[C(A)]

5 can be rewritten as:
aq

day Vo ALV
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A
Jaz1 wiF Cr(A)g(A)dA

|:f1\/1§p.f[ + (1 - Oél)m/cl(/lZl)]

X

The expression

CO(AQ.l) C1(A2'1)
{ v - A21 4 fV

by Co(A*1) > C1(A*!) and f¥ < A%! + fV. Hence, B]E([,ji(lA)] < 0.

>0

A A
B = [ ann(ACi(Ag()id=p [ | v Cr(A)glayia
OAE[E(A)]

80[1

A A A2l HA21

_ P S 2.1 2.1

)

where

A
gA>t Jaz1 a7 Ci(A)g(A)dA oy

3@ 2.1 = 2.1
L[ - e ey gtan

> 0.

Hence, %ﬁfm]

Proposition 12, included in the main text of the paper, characterizes
the optimal cost allocation (ag, ). The proof is included in Appendix A.
The optimal production of evidence is characterized by simply evaluating
A%Y(p, 1) and p(ay) at the optimal ay.
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D. Model with Endogenous Cost Allocation —
Uniform Distribution Model and Numerical Ex-

ample

This Appendix presents the model with a uniform distribution of damages
(Section D.1) and the numerical example (Section D.2) for the model with
endogenous cost allocation. We focus on Environment 1 and p-Segment 2.1
where p € (p, p].

D.1 Model with a Uniform Distribution of Damages

Assume that A is uniformly distributed over A € [0, A], where g(4) = %
VA €[0,4], G(A) = 4, and [;" Ag(A)dA = 4.

Thresholds p and A21.— In contrast to the benchmark model, closed-form
solutions for p(ay) and A%!(p,a;) cannot be obtained.

Consider p. When p = p, the liable injurer’s incentive-compatibility
constraint is:

A A
1 A G, _,/
/0 AAdA+(1 al)ll—i%f‘/ A—i—fv 1 dA=f ;

a-nfY

pPA 1
(1-p)fV A

dA,

where A%(p) = ﬁ. The last equation implicitly defines p(a;) and

cannot be solved analytically.

Next, consider A%!(p). Suppose p € (p,p]. The liable injurer’s incentive-
compatibility constraint is:

A A A%t
A A Ci(A) ’I/ pA 1
ZdA 4+ (1 — _ L dA = — —=dA.
/0 A (1—a1) o A1 VA / w (-pfVA

The last equation implicitly defines A%!(p, ;) and cannot be solved analyt-
ically.
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Social Welfare Loss Function.— Given the optimal mechanism and the
assumptions regarding the uniform distribution of damages, the social wel-
fare loss function for p-Segment 2.1 is as follows.

SWL*' = H(A) + E[C(A)] + AE[¢(A)],

where H(A) = E[A] = [ Ag(A)dA,

LY pA Go(4) A4 (A
E[C(A)]—/O Apf7 A At ayp a ™
nd -
’ A A Ci(4)
E[g(A)]:pAz.lalm 1 dA.

D.2 Numerical Example

The model with a uniform distribution of damages is used to construct this
numerical example. Although A?1(p, ay), we use A% to simplify notation.

Assume Cy(A) = Cp(A)+coA and C1(A) = C1+c1 A. We use the same set
of exogenous parameters used for Environment 1 in the numerical example
for the benchmark model

{Co,C1,co,c1, fV, f1, A, p} = {1528,690,0.3,0.01, 1800, 3600, 1200, 0.45}.

In addition, we use three A-values: A € {0.30,0.40,0.50}. For the three
A-values, A = 1200. Hence, H = % = 600.

Main Model Conditions.— The model conditions are satisfied under the
sets of exogenous parameters.

e The condition for Environment 1 is Cy(A) > (1+A)C1(A) VA € [0, A].
1. A = 0.30: 1528 + 0.34 > (1 + 0.30)(690 + 0.014). After simplifi-
cation, 0.294 > —631 holds VA € [0, 1200].

2. A = 0.40: 1528 +0.34 > (1 + 0.40)(690 + 0.014). After simplifi-
cation, 0.29A4 > —562 holds VA € [0, 1200].

3. A =0.50: 1528 + 0.34 > (1+0.50)(690 + 0.01A). After simplifi-
cation, 0.294 > —493 holds VA € [0, 1200].

e The condition for Lemma 9 and first condition for Propositions 9 and
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1. A =0.30: 1528 > 690(1 + 0.30). After simplification, 1528 > 897.
2. A =0.30: 1528 > 690(1 4 0.40). After simplification, 1528 > 966.
3. A =0.30: 1528 > 690(1+0.50). After simplification, 1528 > 1035.

51 B
e The second condition for Proposition 9 is —5= < 0 VA € [0, A].
Given that this condition does not include A, it is the same across

A-values.

IGEEL  ¢Ch—cCy  0.01(1528) — 0.3(690)  —191.72 0
0A  (Co+coA)2 (1528 +0.34)2 (1528 +0.34)2

VA € [0,1200].

e The third condition for Proposition 9 is %}S‘A) > 0 VA € [0, A]. Given

that this condition does not include A, it is the same across A-values:
cp =0.3>0VA € [0,1200].

L L. . Ci(AfY

e The second condition for Proposition 10 is Cy(A) — Cy(0) < e ot

Given that this condition does not include A, it is the same across

A-values. The left-hand side of the inequality is Co(A) — Co(0) =

coA = 0.3A. The right-hand side of the inequality is W
Evaluate the left-hand side at the highest A-value, the numerator of
the right-hand side at the lowest A-value and the denominator of the

right-hand side at the highest A-value. After simplification, 360 <

_(690)(1800)
414 = ©99Q800) 4 ¢ [0, 1200].

Thresholds p and AZ%l.— p(a;) and A%!(p,a;) cannot be analytically
computed.

Consider p. When p = p, the liable injurer’s incentive-compatibility
constraint is:

/AAldA+(1 )/A At ed)taa-
) A 1 (1_?}?‘/ A+f—.v 1 1 A =
a-piv
=7 5 pA 1
_ Lo
/ / A—pJ" 4



After computing the integrals,

+ 0 }al) |5 (A2 = (A(0)) + (€1 = eafV) (A = A(p))—

A
2

o o —A%(p
(G~ eI os(A+ ) ~log(4) + 1) = S 2 ()
where A%(p) = %. Equation (1D) implicitly defines p. Using the set of
exogenous parameters, it can be solved numerically.
Next, consider A% (p ) Suppose p € (p,p]. The liable injurer’s incentive-

compatibility constraint is:

A A A2.1
A A - pA 1
LdA+(1- Chter A)=dA = 1/ T A
/0 At [ g (@ta )A ), a=pra

After computing the integrals:

ST [ (42)2) 4 (Crer ) A A1) (o V) (log(A4 V)
ol - B JHp(Az.l)Q
—log(A*! + V)| = 20 A (2D)

Equation (2D) implicitly defines A%!(p, ;). Using the set of exogenous
parameters, it can be solved numerically.

Optimal Cost-Allocation Rules.— In this numerical example,
C1(A) [V (Co(A) + 125 11) N
(A+ fV)fV(Co(A) + 125 1)
(A+ FYPCHA) T 1+ (A+ ) Y Ch(A)CL(A)
(A+fv ) FY(Co(A) + 125 F1) '
Therefore, VA € [0, A],

Cr(A)fV(Co(A )+ 5 _) _Ci(4)

M AT O CoA) + 57 A+FV
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w=




After simplification,
Ci(4)
A+ fV
Evaluate the numerator of the right-hand side of the inequality at the lowest
A-value and the denominator of the right-hand side of the inequality at the

; . G0 _ 690 _
highest A-value: Ai—f"’ = T300+1800 — 0-23.

< .

AC(A) C1(0)  Ci(A)
=0.01 <0253 = —0 < L <
9A AtV S aqgv SH
Therefore, 22 = 0.01 < 0.23 < p VA € [0,1200]. Hence, 290 < 4
VA € [0,1200].

In this numerical example,

Aay) = (A% () + fV)(Co + cA? (ay)) — fY(CL + c1 A% )
1 (AQ 1(041) Jer) 1” FI Jer(Cl T A2 1(a1)) .

Given that 801(’4) < puVA € 10,1200], BA (al) < 0. Hence, A° = A%y =
1) and A® = Ao(oq =0):

(A1) + JV)(Co + eA*H (1)) - [V (CL + 141 (1)
T (@O ) (Gt aa? (1)

= 0.396.

o = (A2H0) + f7)(Co + cA?1(0) — FY(Cr + 1 471(0))
(A22(0) + fV) 25 /1 + fY(C1 + 1 A21(0))

= 0.402.

The A-values that apply for Cases 1, 2, and 3(b)iii of Proposition 11 are

A € {0.30,0.40,0.50}, respectively. The conditions for the three cases are
satisfied.

e The condition for Proposition 11, Case 1 is A < A°. Tt applies to Set
1 where A = 0.30 (Column 2 of Table 4). A = 0.30 < 0.396 = A".

e The first condition for Proposition 11, Case 3(b)iii is % <uVAe

[0, A]. Tt applies to Set 1 where A = 0.40 (Column 3 of Table 5).

As showed before, across A-values, 8%115“4) =0.01 <0.253 < u VA €

[0, 1200].
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e The second condition for Proposition 11, Case 3(b)iii is A € (A", A?).
It applies to Set 2 where A = 0.40 (Column 3 of Table 5). A =0.40 €
(0.396,0.402) = (A", A?).

e The condition for Proposition 11, Case 2 is A > A°. It applies to Set
3 where A = 0.50 (Column 4 of Table 4). A = 0.50 > 0.402 = A°.

Social Welfare Loss Function.— Given the optimal mechanisms and the
functional forms for Co(A) and Cy(A), SWL*! is as follows.

SWIL>' = H + E[C(A)] + 0E[n(A)] + AE[E(A)],

where H = 600, 0E[n(A)] = 0(0) = 0 because all victims get access to justice
under the optimal mechanism,

B AZ1 pA 1 A
E[C(A)] —/O W(CQ-FCoA)Xd/H— o m
_ D CO(A2.1)3 OO(A2.1)2
1 C1
ik
—(Cr—erfV) Y (log(A+ FV) —log(A*! + V)]

1
(Cl—‘rClA)EdA =

(A2 = (A%1)?) +(C1 — e fY) (A - A% 1)~

and
BlE(A)] = a [%(AQ — (A2 +(Cr —afV) (A - A% -
(O = e /)Y (log(A + [¥) ~ log(A%! + V).

Using the set of exogenous parameters, the A21(p, a)-values and the optimal
oy for each A-values, the optimal SW L?! for each A-value is computed.
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Mpl U3yyaeM ONTHMAIBHBIA AW3aiH IPakJaHCKO-IPABOBOW CHCTEMBI B YCIOBHUSIX
IBYCTOPOHHEH acuMMmeTpuu wuHpopMmauuu. Hcmonms3yss METOHONOTHIO — Ju3aiiHa
MEXaHU3MOB, MBI HICHTUQHUIHMPYEM UEpThl, KOTOpBIE MOJDKHBI TPHCYTCTBOBATH B
ONITUMAJIBHON IPakKIaHCKO-IIPABOBOM CHCTEME, YTOOBI 00ECTIEYUTh JOCTYI K MPaBOCYIHIO
W MaKCHMAaJbHYI0 KOMIICHCAIIMIO TOTEPIEBUIMX C MHUHUMAJIbHBIMH 3aTpaTaMH Ha
MOJIyYEHUE JI0Ka3aTeNbCTB. MBI JEMOHCTPUPYEM, UYTO TIOJIHOE BBIIBICHUE YacTHOH
nHpOpMaIUK TpeOyeT MOIy4YeHHs JOKa3aTeNbCTB TOIBKO B YaCTH IPaKIaHCKO-TPABOBBIX
CIIOPOB. «AMEPHKAHCKOE INPaBWJIO» MOABIAETCS SHAOT€HHO B KadyeCTBE ONTHUMAIBLHOTO
MpaBUIa pacrpeesieHus CyAeOHbIX N3AEPKEK TONBKO MPU ONPEACICHHBIX YCIOBHUIX. MBI
JEMOHCTPUPYEM  BO3MOXKHOCTH  CyneOHOW  pedopMbl, KOTOpash  peaJu30BHIBACT
ONITUMAJIbHBI MEXaHU3M B PEAIbHBIX yCIOBUSIX.
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