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Abstract

I characterize the optimal regulation of a firm constituted by potential judgment-proof
agents. I investigate two cases: (i) A principal hires an agent to undertake a prevention
effort on their behalf; (ii) Two agents are jointly responsible of undertaking a prevention
effort. In both cases, agents are in charge of exerting an unobservable level of safety care
to reduce the probability of an accident that may occur due to the firm risky activity.
Agents are called judgment proof when their final wealth is not enough to pay for the
monetary penalties imposed by the regulator. I show that the standard Equivalence
Theorem, stating that the distribution of penalties among injurers is irrelevant, does not
hold in this context. Instead, in a principal-agent firm, the optimal regulation requires to
fully target the principal if the agent can be subject to judgment proofness. In a two-agent
firm, the optimal regulation consists in an almost equal sharing of penalties among agents.
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1. INTRODUCTION

When a firm’s activity may cause an accident to outside parties, how should be designed

penalties to induce the firm to undertake enough safety measures, that is, what should be

the optimal total amount of penalties and how should it be apportioned among the firm’s

members?

The earlier works of Newman and Wright (1990) and Segerson and Tietenberg (1992)

suggest that only the total amount of penalties matters and not their allocation within the

firm. The main argument relies on the existence of private transactions within the firm

that can undo any allocation of responsibilities coming from the regulation authority. This

result, known as the Equivalence Principle, had a significant influence on many works in the

economic literature of tort and environmental law.
*E-mail: guillaume.pommey@uniroma2.eu
†I would like to thank David Martimort, Pierre Fleckinger, Patrick Legros, Jérôme Pouyet, Julien Combe,
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This result relies on the strong assumption that the private contract between injurers

always satisfies each party’s solvency towards the potential payment of fines. However, when

injurers may be judgment proof (see Shavell (1986)), that is, financially insolvent when facing

the penalties imposed by the regulation authority, it may be optimal not to provide them with

additional resources to limit corporate liability. For instance, Ringleb and Wiggins (1990),

empirically find that large firms prefer to buy inputs whose manufacture is risky to small

firms with few assets. Others establish special subsidiaries or product manufacturing by

contract with dedicated small-scale specialized producers. Those choices are deliberately

made so as to shield the large firm’s assets from potential liability in case of accident. When

considering situations of long-term or large-scale hazards such as environmental degradation

(hazardous waste, water pollution) or workers exposition to harmful substances (asbestos,

radiation, vinyl chloride) the amount of damages are likely to be large and therefore exceed

some of the injurers’ financial resources if no (or small) corporate compensation exists.

In this paper, I consider a situation in which the Equivalence Principle breaks down.

Under the assumption that some injurers may be judgment-proof and that the private contract

between them does not guarantee solvency towards the payment of fines, the allocative role

of penalties is restored. I consider a firm whose activity is risky and may cause an harm to

third parties. To reduce the probability of accident, the firm has to exert costly precautionary

care. I then investigate how should penalties be optimally allocated among injurers in the

cases of simple and double moral hazard.

First, I consider a principal-agent firm in which the principal hires and agent to undertake

an effort of prevention. The agent’s effort is unobservable and the problem is a moral hazard

one. Therefore, parties can contract only on outcome realizations (accident or no accident).

At the contracting stage, I assume that the agent’s financial resources are a random variable

so that parties are unsure about the agent’s ability to make monetary transfers when the

outcome is realized. In the absence of regulation, the principal has no incentive to induce the

agent to exert effort as the harm does not affect her. Thus, I introduce a regulation authority

who can impose ex post penalties on the principal and on the agent when an accident occurs.

Obviously, as the agent has limited resources, he may not be able to pay for the penalties

imposed on him.

In the literature, it is usually assumed that transfers from the agent to both the regulation

authority and the principal are designed ex ante such that they never exceed the agent’s

resources ex post. I depart from this modeling by allowing unbounded transfers in the first

place, which will be truncated ex post in case of insolvency of the agent (or equivalently

“judgment-proofness”). Indeed, if one assumes that the private transaction between the
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principal and the agent is generally not observed by the regulation authority, then there is no

reason for the principal to ensure the agent’s ability to pay for the penalties. This assumption

is also supported by empirical evidence (Ringleb and Wiggins (1990)) that shows that large

firms intentionally choose to leave risky manufacturing to small firms with few assets.

For a given regulation policy, I derive the equilibrium contract between the principal and

the agent when the former has all the bargaining power. I find that the equilibrium effort

level of prevention decreases as the share of penalties imposed on the agent increases. This

results stems from the fact that imposing a larger share of penalties on an ex post potentially

insolvable agent acts as an ex ante decrease in the total amount of penalties imposed on

the principal-agent relationship. It follows that if the regulation authority wants the firm to

exert an efficient precautionary care level, it must impose the penalties on the principal only.

Targeting the agent is always detrimental to the provision of effort of prevention.

I also investigate the design of the optimal regulation when the bargaining power varies

inside the firm. I show that when the principal has most of the bargaining power, it is still

optimal to impose all penalties on her. However, when the agent has most of the bargaining

power, the previous optimal regulation may lead to an excess of precautionary care (with

respect to the first-best level). In that case, the regulation must be such that the total expected

fine paid by the firm decreases. Finally, I investigate whether we should authorize the

principal to give rewards to the agent in case of accident. It appears that if the agent has most

of the bargaining power, allowing the principal to reward the agent in case of accident leads

to the first-best level of precautionary care.

Second, I investigate a situation in which two agents are responsible for exerting an

unobservable effort of prevention and may both be potentially insolvable ex post. The

regulation authority now faces a multiple tortfeasors problem where each injurer can be

judgment-proof. The contracting problem between the two agents is now described as a

double moral hazard problem in a partnership: In the first stage, agents sign a binding

agreement to maximize their joint profits and, in the second stage they simultaneously choose

their effort levels (similar to Cooper and Ross (1985)). In this problem, the sharing of profits

among agents not only plays the traditional role of incentive provision in the partnership (due

to moral hazard) but also the role of revenue concealment from the regulation authority.

When agents have symmetric initial resources distributions, the solution to this problem

shows that agents sign a contract such that the profits in case of accident go to the agent who

is the least targeted by the regulation policy. This allows the partnership to escape as much as

possible from the penalties and thus provide very low effort provision. This result resembles

firms’ strategies to create insolvent subsidiaries to escape from paying fines.
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The optimal regulation policy of the partnership consists in an equal-sharing of the

penalties among the two agents. Any other allocation of penalties results in a decrease in

effort provision. Notice that when agents have asymmetric initial resources distribution, the

optimal allocation of penalties is centered around the equal-sharing allocation while being

adjusted to target more the agent with higher average initial resources.

The paper is organized as follows. In Section 2, I present the model and the standard

framework. In section 3, I develop the principal-agent problem with a judgment-proof agent.

Section 4 investigates the double moral hazard problem with two judgment-proof agents.

Section 6 concludes.

2. THE STANDARD FRAMEWORK

A firm undertakes a project that may cause an accident harming third parties. The owner

of the firm (the principal) hires a worker (the agent) to run the firm on her behalf. Both of

them are assumed to be risk-neutral. The firm’s activity generates a certain surplus Π > 0 that

accrues to the principal but also causes an environmental harm D with probability 1 − e. The

agent is responsible for preventing the harm by exerting effort e ∈ [0, 1] at personal cost ψ(e).

For the problem to be well-behaved, I assume ψ ′, ψ ′′, ψ ′′′ > 0, ψ ′(0) = 0 and ψ ′(1) = +∞ so

that effort solution is always interior. 1 The agent’s effort is unobservable to both the principal

and the regulator.

Regulation. It is assumed that only third parties suffer from the harm D, leaving the firm

with no natural incentives to prevent the accident. Therefore, there is room for a regulation

authority (the regulator) to act in favor of third parties. Throughout the paper I assume

that only ex post regulation is available to the regulator, that is, the regulator can impose

fines on the firm’s parties only after an harm occurred. A regulatory policy is a couple

(α, F) ∈ [0, 1]× [0,D], where F is the total amount of the fine imposed on the firm and α

(resp. 1 − α) is the share of the fine charged on the agent (resp. principal).2 I also assume

that the regulator’s objective is to make the probability of accident as close as possible to its

first-best level.3 This last assumption, in addition to greatly simplify the analysis, allows me

to distinguish the judgment-proof problem from other considerations.

Private Contract. Due to the moral hazard problem, the principal cannot directly offer a

contract contingent on the effort level exerted by the agent. Instead, she offers transfers to the

1See for instance Chapter 5 of Laffont and Martimort (2002).
2I assume that the total fine cannot exceed total harm D caused by the firm as it is usually the case in the

literature.
3This differs from the literature in which the regulator takes into account both the harm to the third parties

and the profit of the firm.
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agent conditional on the occurrence of an accident. Let us denote by tN ∈ R and tA ∈ R those

transfers where the subscripts N and A stand for “no accident” and “accident”, respectively.

Typically, the principal will offer tN > 0 and tA 6 0 so that tN and tA act as a reward and a

punishment, respectively. Therefore, the principal has the ability to punish the agent by the

means of private transactions as well as the regulator has the ability to punish the agent (and

the principal) by the means of the regulation policy.

The Standard Model With Limited Liability. To see how the results depart from the case

with a judgment-proof agent it is useful to briefly expose the standard analysis.

For this section only, I will assume the standard limited liability constraints on transfers,

that is, tN > −l and tA > −l+αF where l ∈ R+ is the agent’s cash/financial resources. Those

ex post constraints ensure that the agent is always endowed with enough resources to honor

both the private transfer (tA) and the regulatory transfer (αF). The limited liability constraint

in case of accident tA > −l+αF implies, de facto, that the principal provides the agent with

the necessary resources in the private transaction. As shown below, this requirement trivially

implies that the regulator’s choice of distribution of penalties is irrelevant.

Notice that the amount of resources l may not necessarily represent the full range of the

agent’s resources but may represent a reasonable lower bound on the “collectible assets” that

can easily be observable and seized when an accident occurs. I will therefore abstract from

the situation in which the agent can engage in strategies to hide the real value of his assets.4

The timing of the game is as follows. First the regulator publicly commits to a regulatory

policy (α, F). Second the principal offers a contract (tN, tA) to the agent. Third, the agent

chooses his effort level e.

For a given regulation policy (α, F) and private contract (tN, tA) the agent’s expected

utility is given by

UB = etN + (1 − e)
[
tA −αF

]
−ψ(e),

and the expected profit of the principal writes

VB = Π− etN − (1 − e)
[
tA + (1 −α)F

]
.

To induce a particular level of effort e, the principal must choose (tN, tA) such that the agent

has the proper incentives to do so. Relying on the first-order approach, I replace the set of the

4Hiriart and Martimort (2006) follow the same approach.
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agent’s incentive constraints by the first-order condition of his utility maximization problem

with respect to effort:

tN − tA +αF = ψ ′(e), (1)

which is a necessary condition when the effort level is interior.5 This equation reveals that

the agent’s incentives to exert effort depends on monetary incentives from both private

transactions and regulation policy.

The principal must also ensure the participation of the agent (UB > 0) and accounts for ex

post limited liability. Her maximization problem then writes

max
{e,tN,tA}

VB = Π− [etN + (1 − e)tA] − (1 − e)(1 −α)F,

subject to equation (1), UB > 0, tN > −l and tA > −l+αF for all l ∈ [0, l].

Examining equation (1) immediately reveals that the ex post limited liability constraint on

tN is always satisfied when the one on tA holds. It is therefore possible to drop condition

tN > −l from the principal’s problem.

Using (1), the agent’s expected utility becomes

UB = eψ ′(e) −ψ(e) + tA −αF = R(e) + tA −αF, (2)

where R(e) := eψ ′(e) −ψ(e) is nonnegative, increasing and convex in e. Using (1) and (2) it is

useful to rewrite the principal’s objective in terms in the plane (e,UB) as follows

VB = Π−ψ(e) − (1 − e)F−UB. (3)

This formulation clearly shows that the principal’s objective takes into account the total

amount of the fine and must also leave some rent to the agent. The problem of the principal

rewrites

max
{e,UB}

Π−ψ(e) − (1 − e)F−UB

s.t. UB > 0

UB > R(e) − l,

where the first constraint is the agent’s participation constraints and the second one the the

5From the initial assumption it also a sufficient condition for the agent’s problem. Indeed, from convexity of ψ
the agent’s maximization problem is concave in e. Moreover, ψ ′ is an increasing function of e and (1) defines a
unique solution for any given tN, tA and αF.
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limited liability constraints in the plane (e,UB).

From linearity of UB it is clear that at least one constraint must bind at the optimum.

Let us focus on the case where only the limited liability constraint binds, UB = R(e) − l.6

Substituting the binding constraints in the principal’s objective gives

max
e

Π− eψ ′(e) − (1 − e)F.

Notice that the principal’s maximization problem is independent of α and that the principal

takes into account the entire value of the fine F. This leads us to the following statement.

Proposition 1 (Equivalence Principle 7) In a principal-agent relationship with moral hazard, when

the principal has to ensure the agent’s ability to pay the regulator in any states of the world, the way

the regulator allocates responsibilities within the firm does not affect the equilibrium level of effort to

prevent the harm to occur.

This result is not new and generally known as the Equivalence principle. It states that, even

in the presence of moral hazard and agent’s limited liability, the regulator cannot increase the

level of effort by targeting more the principal or the agent.

The equilibrium level of effort, eB solves the following first-order condition:

ψ ′(eB) + eBψ ′′(eB) = F. (4)

As the left-hand side of the equation is increasing in e, the optimal regulation policy sets

F = D according to the maximum punishment principle. The α can take any value in [0, 1]

without changing the optimal level of effort nor the distribution of revenues between the

principal and the agent.

3. JUDGMENT-PROOF AGENT

In this section, I develop the problem of designing a regulatory policy (α, F) for a judgment-

proof agent, that is, when he may be unable to pay his share of the fine for some levels of

wealth. I argue that the formal treatment of limited liability constraints in the regulation

literature is generally too restrictive as they require the principal to fully ensure the agent’s

ability to pay his share of the penalty.

In the standard treatment of moral hazard problem, limited liability constraints on transfers

formally put a limit on the monetary punishment the agent may have to pay to the principal.

6The case where UB = 0 at optimum implies that the level of effort attains the first best, i.e. ψ ′(eFB) = F. This
occurs when the level of liability l is large enough, namely, when l > R(eFB). This case presents no interest in the
analysis as the moral hazard problem entails no distortion. Therefore, assume l < R(eFB).
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When the relationship generates only private benefits and no negative externality (such as an

accident), the limited liability constraints only applies on the transfers between the principal

and the agent and do not involve a third party such as a regulator. In that case, those

constraints reasonably assume that the principal must offer a contract whose transfers do not

exceed some lower bound.

In the presence of a regulator, however, the assumption of ex post limited liability means

that the principal must ensure the agent’s ability to pay both private transfers and potential

fines to the regulator. This would require (i) that the principal is legally bound to ensure

agent’s liability in any scenario and (ii) sufficient observability of the private contract that

takes place within the firm. When at least one of these conditions fails it is unlikely that the

principal will ensure agent’s liability towards the regulator. Indeed, assume that the principal

does not provide the agent with enough cash to pay for the fine for some realizations of the

agent’s wealth. When the accident occurs, the agent may simply not be able to pay for the

entire fine and will pay at most with his disposable cash. The fact that the agent cannot pay

for punishments coming from the regulator does not hurt the principal. On the contrary, the

agent’s inability to pay the fine to the regulator reduces the total amount of the firm paid by

the firm making the principal better off.

To model a judgment-proof agent, I do not assume ex post limited liability constraints as

in the previous section. In other words, the private contract offered by the principal does not

need to provide the agent with some minimal level of resources in case of accident. Instead,

the principal can impose unlimited punishment on the agent. Obviously, as the agent is

still resource-constrained, he will never pay above his level of resources and his transfer

will be naturally bounded below. It is then necessary to modify the agent’s expected utility

accordingly.

Agent’s Payoff. Assume that an accident occurs. For a given level of resources l ∈ R+,

the agent now faces the private transfer tA < 0 to the principal and the regulatory transfer

αF to the regulator. If tA − αF is larger than the agent’s resource −l, the agent can fully

pay the principal and the regulator. On the contrary, if tA − αF < −l then the agent has

not enough financial resources to cover both transfers. In this section, I assume that the

regulator has the ability to collect money before the principal so that when tA − αF < −l,

the agent pays the regulator first and gives the remaining resources, if any, to the principal.

Let m̃ := c̃P(tA,α, F; l) − c̃R(α, F; l) denote the transfer the agent receives when an accident

occurs where c̃P(·) and c̃R(·) denote the agent’s transfers to the principal and the regulator,
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respectively. Formally,

c̃P(tA,α, F; l) = 1{l>αF−tA}tA − 1{l∈[αF,αF−tA]}(l−αF),

c̃R(α, F; l) = 1{l>αF}αF+ 1{l6αF}l.

Notice that the transfer to the regulator, c̃R(·) is independent of tA. This stems from the fact

that the regulator has priority over the agent’s wealth so that the principal cannot reduce the

agent’s payment to the regulator by punishing him more trough tA.

In order to greatly simplify the mathematical reasoning I now make the following assump-

tion.

Assumption 1 The agent’s wealth l is a random variable drawn from an absolutely continuous

cumulative distribution function H(l) over the support [0, l] where l > D so that the maximal agent’s

wealth exceeds the monetary damage caused by an accident. The realization of the agent’s wealth is

known to all players only at the end of the game.

As all players now view l as a random variable, they will evaluate their payoff by

taking expectations of c̃P(·) and c̃R(·) over l. Define cP(tA,α, F) := Elc̃P(tA,α, F; l) and

cR(α, F) := Elc̃R(α, F; l). This makes the analysis easier as now cP(tA,α, F) and cR(α, F) are

differentiable in each argument. No particular conditions are imposed on H(·) so that the

randomness assumption of l is quite mild and could simply represent that there is always a

small uncertainty about the agent’s wealth when the regulator decides to enforce penalties.

Furthermore, I show below that the framework with a judgment-proof agent and random

wealth can be equivalently rewritten in a model with certain wealth that resembles the model

presented in section 2.

Formally, the total expected transfer of the agent in case of accident is given by

m(tA,α, F) =
∫ l
αF−tA

(tA −αF)dH(l) +

∫αF−tA
0

(−l)dH(l). (5)

Taking partial derivatives of m(tA,α, F) with respect to tA and α gives:

∂m(tA,α, F)
∂tA

=

∫ l
αF−tA

dH(l) > 0,

∂m(tA,α, F)
∂α

= −

∫ l
αF−tA

FdH(l) 6 0.

Thus, the transfer of the agent is nondecreasing in tA and nonincreasing in α. More precisely,

m(tA,α) increases in tA when tA is high enough, but as soon as tA becomes too low the
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agent’s payment becomes flat and equal to −l. The same thing happens with α: the agent’s

transfer is decreasing in α as long as α is not too high and then becomes flat when the

regulator asks too much money.

It is now possible to write the agent’s expected utility as

U = etN + (1 − e)
[
cP(tA,α, F) − cR(α, F)

]
−ψ(e),

where the only difference with the standard framework is that tA is replaced by cP(tA,α, F) −

cR(α, F). For a given private contract (tN, tA) the induced level of effort e is given by

tN −
[
cP(tA,α, F) − cR(α, F)

]
= ψ ′(e). (6)

Therefore, when the principal offers tA in case of accident, the agent now considers cP(tA,α, F)−

cR(α, F) rather than directly tA. Using (6), the agent’s expected utility becomes

U = R(e) + cP(tA,α, F) − cR(α, F) (7)

where R(e) = eψ ′(e) −ψ(e) > 0 is defined as in section 2. Equation (7) shows that when the

principal wants to induce level of effort e, she has to give a positive rent R(e) to the agent.

Then the principal can extract this rent through the side-payment cP(tA,α, F) − cR(α, F).

Notice that for any tA 6 αF− l, cP(tA,α, F) − cR(α, F) is bounded below by −E[l]. That is,

even when the principal sets a very low tA, she cannot extract more than E[l] from the agent

through the side-payment.

Again, when the principal sets tA she only expects to receive cP(tA,α, F) from the agent.

Thus, her expected profit is given by

V = Π− etN − (1 − e)cP(tA,α, F) − (1 − e)(1 −α)F.

Notice that

∂cP(tA,α, F)
∂tA

=

∫ l
αF−tA

dH(l) > 0,

∂cP(tA,α, F)
∂α

=

∫αF−tA
αF

FdH(l) > 0.

Naturally, the more the principal increases the punishment in case of accident (reduces tA)

the more she can expect to collect on the agent. More interestingly, let us investigate what

happens for the principal when the regulator targets the agent more, i.e. when α increases.

Two effects are at play: On the one hand, as the agent becomes more targeted by the regulation,
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the principal expects to collect less on the agent as the regulator has priority over the agent’s

wealth which is illustrated by ∂cP(·)/∂α 6 0. On the other hand, an increase in α increases

the principal’s expected payoff through a decrease in his share of the fines. The overall effect,

however, is positive on the principal’s expected payoff.8

Using (6) and (7), it is useful to rewrite the principal’s profit as

V = Π−ψ(e) − (1 − e)
[
cR(α, F) + (1 −α)F

]
−U. (8)

It is instructive to compare the objective of the principal with a judgment-proof injurer with

the one obtained in the standard framework, namely, equation (3). The principal still receives

benefits from production Π, has to pay ψ(e) as if she were exerting effort herself and leaves

a rent U to the agent. However, the principal considers the threat of the penalty differently.

Notice that cR(α, F) + (1 − α)F 6 αF+ (1 − α)F = F, that is, the principal does not consider

the total amount of fines F as some of it is imposed on a potentially insolvent agent. The

assumption of judgment-proofness on the agent’s side formalizes the idea that potential

insolvency of an injurer creates a discrepancy between the sanction and the way it is perceived

by the firm.

When the regulator targets more the agent (α increases), the firm then faces an overall

lower sanction than F. At the same time, the burden of payments rests more upon the agent

whose participation must be ensured.

The principal’s problem now consists in maximizing her objective subject to the agent’s

participation. It is worth to stress once again that the principal does not ensure a limited

liability constraints on transfers so that tA is here unconstrained. For the sake of clarity, let us

first consider the following formulation of the principal’s problem

max
e,tA

V = Π− etN − (1 − e)cP(tA,α, F) − (1 − e)(1 −α)F

s.t. U = R(e) + cP(tA,α, F) − cR(α, F) > 0.

As in section 2, let us make a change of variable so that the principal chooses e and U instead

of e and tA. However, this requires to take into account that even if tA is unbounded below,

cP(tA,α, F) − cR(α, F) is bounded by −E[l]. This limits how much the principal can take

collect on the agent through the side-payment. Using (7), this condition can be written as

cP(tA,α, F) − cR(α, F) = U− R(e) > −E[l]. Notice that this constraint resembles the standard

8This can be easily seen by differentiating the principal’s expected payoff in case of accident with respect to α.
Indeed, ∂

∂α (−cP(tA,α, F) − (1 −α)F) = −
∫αF−tA
αF FdH(l) + F > 0.
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limited liability constraint of section 2. The principal’s problem rewrites

(JP) : max
e,U

Π−ψ(e) − (1 − e)
[
cR(α, F) + (1 −α)F

]
−U

s.t. U > 0

U > R(e) − E[l].

The following proposition summarizes the solution to the optimization problem.

Proposition 2 Assume the agent may be judgment proof for some realizations of his wealth. Then,

the equilibrium effort level, e(α, F), induced by the principal is nondecreasing in α. More precisely,

• For α ∈ [0, α̃1), cP(tA,α, F) − cR(α, F) = −E[l], the agent has a positive utility, U > 0, and

the optimal effort level is given by

ψ ′(e) + eψ ′′(e) = cR(α, F) + (1 −α)F. (9)

• For α ∈ [α̃1, α̃2], cP(tA,α, F) − cR(α, F) = −E[l] and the optimal effort level is given by the

binding participation constraint of the agent, U = 0,

eψ ′(e) −ψ(e) = E[l]. (10)

• For α ∈ (α̃2, 1], cP(tA,α, F)− cR(α, F) > −E[l], the agent’s participation constraint is binding,

U = 0, and the optimal effort level is given by

ψ ′(e) = cR(α, F) + (1 −α)F. (11)

Proof. The proof and the characterization of thresholds α̃1 and α̃2 are in the appendix. �

Distribution of Penalties. When the agent may be judgment proof, the equilibrium

solution crucially depends on the distribution of liabilities α and 1 − α within the firm.

Proposition 2 states that the optimal effort level e(α, F) is nonincreasing in α, that is, the firm

exerts less and less precautionary effort to prevent an accident as the regulator increases the

liability of the agent to pay for the damage. The intuitive explanation for this results is as

follows. From the agent’s point of view, only the size of the punishment matters and not to

whom it is due. Therefore, whether the monetary punishment comes from the principal or

the regulator is irrelevant for the agent’s decision to exert the precautionary effort. From the

principal’s point of view, however, a shift in regulation that targets more the agent induces a

lower expected total fine on the firm through the agent’s unability to pay in some states of the
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world. As a result, the principal perceives the fine less and less as a threat and does not want

to induce a high effort level.

Therefore, the Equivalence Principle does not hold anymore in this context. In other words,

the structure of penalties designed by the regulator affects the equilibrium level of effort

chosen by the firm. This naturally raises the question of determining the optimal regulatory

policy (α, F) with a judgment-proof agent. In the simple case in which the regulator is only

concerned about making the probability of accident as close as possible to its first-best level,

the optimal distribution of fines is as follows.

Corollary 1 With a judgment-proof agent, the optimal regulatory policy consists in targeting only the

principal of the firm, that is, α = 0 so that the principal faces the total amount of the fine F.

This result contrasts with Segerson and Tietenberg (1992). As soon as the agent may be

unable to pay the regulator in some states of the world, the Equivalence Principle fails and

the distribution of penalties within the firm is no more neutral. Considering the standard

formulation presented in section 2, this result should not be surprising at all. Indeed, the ex

post limited liability constraint tA > −l+αF in the standard model artificially assumes that

the principal must ensure the agent’s ability to pay his share fines for any value of α. This

implicitly amounts to saying that the whole burden of penalties lies on the principal, which is

equivalent to consider that α = 0 in the judgment-proof case.

It is worth noting that when the regulator chooses α = 0, the agent’s transfer to the

regulator is naturally cR(0, F) = 0. In that case, Proposition 2 gives that the equilibrium effort

level is uniquely defined by ψ ′(e) + eψ ′′(e) = cR(0, F) + F = F. 9 This effort level is the same

as the one obtained in section 2 (equation (4)) with the standard limited liability constraints.

However, as soon as α > 0, the equilibrium effort level in the judgment proof case decreases.

Equilibrium Characterization. The equilibrium characterization along the value of α

is also worth to investigate. When the principal is mostly targeted, i.e. α ∈ [0, α̃1), the

equilibrium effort level is given by (9). As the left-hand side of the equation is strictly

decreasing in α, so is the equilibrium level of effort. Moreover, the principal chooses tA such

that cP(tA,α, F) − cR(α, F) = −E[l] in order to extract as much as possible from the agent

through the side-payment. Even if the principal is not as concerned by the threat of the

sanction as in the standard framework, she is still inducing a quite large effort level which

forces her to leave a positive rent to the agent, U > 0. Indeed, to induce this effort level, she

must leave a rent R(e) to the agent that is greater that what she can extract from the agent

9To see that the effort level is uniquely defined by the equation, simply notice that ∂
∂e (ψ

′(e) + eψ ′′(e)) =
2ψ ′′(e) + eψ ′′′(e) > 0 as ψ ′′, ψ ′′′ > 0 by assumption.
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through the side-payment. When α ∈ [α̃1, α̃2], the effort level is given by equation (10), which

is simply the binding participation constraint of the agent. The principal still chooses tA so

as to extract all the rent from the agent. She can therefore implement the effort level at no

informational cost. The equilibrium effort level is constant over the region α ∈ [α̃1, α̃2] as

the principal is still concerned by the threat of sanction and does not face the the trade-off

between increasing the effort level and minimizing the rent left to the agent. However, when

the agent becomes mainly targeted, i.e. when α ∈ (α̃2, 1], the principal is almost not anymore

concerned by the threat of the sanction and the effort level decreases once again with respect

to α. As effort level becomes low, the rent R(e) left to the agent becomes low as well and the

principal chooses higher values of tA so that the agent still wants to participate. Therefore, we

can also see that the more the principal is targeted by the regulation the larger the punishment

tA she imposes on the agent.

Consider finally the case where the regulator mainly targets the agent, that is, α ∈ (α̃2, 1].

Recall that the first-best solution to the moral hazard problem is defined by ψ ′(eFB) = F.

Then, it is clear that it resembles equation (11) that determines the equilibrium level of effort

for α ∈ (α̃2, 1]. When the agent is mainly targeted, his incentives to exert effort comes mainly

from the regulator and that from the principal decreases as she is less and less concerned by

the risk of accident. Equation (11) resembles the first-best solution as the agent internalizes

the risk of accident but the effort level is much lower as the fine the agent’s expect to pay is

less and less important.

Total Amount of Penalties. The second choice of the regulator is the total amount of fine

F that is imposed on the firm. Recall that F ∈ [0,D] as tort law generally precludes fines to

exceed monetary damages caused by the accident. The optimal level of fine is defined as

follows.

Corollary 2 When the regulator optimally allocates fines within the firm (α = 0), the optimal level of

fine that maximizes the equilibrium agent’s effort is F = D, that is, the maximum punishment principle

applies with a judgment-proof agent.

If Corollary 1 challenges the view that allocation of penalties within the firm is relevant

when the agent may be judgment-proof, Corollary 2 re-establishes a very well known result:

the so-called Becker’s maximum punishment principle. This last result is not surprising:

potential judgment proofness of the agent reduces the expected total fine perceived by the

principal. Thus, in essence, Corollary 1 tells us that fully targeting the principal is the only

way to maximize the “perceived” total fine which is a maximum punishment principle in

itself. Intuitively, choosing the maximal amount of total fines ensures that the firm internalizes

the risk of accident at most. In particular, when α = 0 and F = D, the effort level is given by
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ψ ′(e) + eψ ′′(e) = D which corresponds to the equilibrium effort in the standard case (when

the distribution of fines does not matter) when the regulator chooses the optimal regulation.

It is also interesting to notice that choosing F = D is optimal even when α > 0.

Uncertainty of Penalties. So far, I have assumed that the regulation was nonrandom so

that the firm can perfectly anticipate the amount of fines and its distribution between the

principal and the agent. In practice, however, it is likely that there is some uncertainty about

the exact amount and who will be accountable for it. The analysis of the judgment-proof case

shows that what matters for regulation is how the firm perceives the threat of paying fines.

As soon as the fine is not at its maximum or if there is a chance that the agent cannot fully pay

his share, the threat perceived by the firm becomes lower. As a result, any uncertainty in the

total amount of penalties or about its distribution will makes the firm less concerned about

the accident. Whenever possible, the regulator should announce and commit to a certain

regulation policy to ensure that the firm better internalizes the risk of accident.

An Equivalent Formulation. The judgment-proof problem can can be simply rewritten in

a formulation very similar to the standard model with ex post limited liability constraints.

This reformulation is useful to interpret and compare the judgment-proof problem with the

standard formulation as well as providing a simpler and more tractable model.

Simply consider the following expected payoffs and limited liability constraints:

UE = etN + (1 − e)
[
tA − cR(α, F)

]
−ψ(e)

VE = Π− etN − (1 − e)
[
tA + (1 −α)F

]
tA > −E[l] + cR(α, F)

where the only difference with the standard model of section 2 is that the agent’s payment

to the regulator is cR(α, F) instead of αF and l replaced by E[l]. The incentive constraints

immediately writes tN− [tA− cR(α, F)] = ψ ′(e). Therefore, UE = R(e)+ tA− cR(α, F) and the

limited liability constraint can be rewritten as UE−R(e)+ cR(α, F) > −E[l] + cR(α, F)⇔ UE >

R(e) − E[l]. The participation constraint of the agent still writes UE > 0 and the principal’s

expected payoff is VE = Π−ψ(e) − (1 − e)
[
cR(α, F) + (1 −α)F

]
−U. The principal’s problem

therefore writes exactly as problem (JP) and the equilibrium effort level is characterized by

proposition 2.

This equivalent formulation shows that it is as if ex post limited liability constraints in the

standard framework were replaced by interim limited liability constraints. In other words, the

private contract ensures that the agent has enough resources to pay the regulator but only in

average and not ex post. This suggests that even if the principal is legally bound on the size
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of the punishment is limited the nonneutrality of the distribution of fines still hold when the

principal is constrained on the size of punishment.

Notice also that the judgment-proof problem is not due to the randomness of the agent’s

wealth. If instead, we assume that l is certain – as in the standard framework – then it

is easy to see that the agent’s expected utility defined by (7) and the principal’s expected

profit defined by (8) can be accommodated by simply replacing cp(ta,α, F) and cR(α, F) by

c̃p(ta,α, F; l) and c̃R(α, F; l). The principal’s maximization problem writes as follows:

max
e,U

Π−ψ(e) − (1 − e)
[
c̃R(α, F; l) + (1 −α)F

]
−U

s.t. U > 0

U > R(e) − l.

It is easy to see that this problem is very similar to the (JP) problem. Proposition 2 applies with

the minor change of replacing cR(α, F) by c̃R(α, F; l) and an appropriate change in treshold

values α̃1 and α̃2. Consider for instance the case in which U = R(e) − l > 0 at equilibrium.

Then the equilibrium effort level is given by eψ ′′(e) +ψ ′(e) = c̃R(α, F; l) + (1 − α)F. Notice

that,

∂

∂α

(
c̃R(α, F; l) + (1 −α)F

)
=

0 if l > αF

−F if l < αF,

so that the equilibrium effort level e(α) is constant and at its second-best level as long as

l > αF but starts decreasing as soon as l < αF, or equivalently when the agent’s share of

fines is large enough. Although the certainty of the agent’s wealth makes the problem less

“continuous” in α, it does not change the qualitative result that the optimal regulation should

concentrate fines mainly on the principal. This shows that the judgment-proof problem exists

even in the absence of uncertainty about the amount of financial resources the agent possesses.

Limits Of The Optimal Regulation. Although the optimal regulation with a judgment-

proof agent seems to be very clear, it can be difficult to implement as it if for various reasons.

First, they might be legal restriction on the choice of the distribution of liabilities within the

firm. The question of whether the principal can be vicariously liable for the acts of the agent is

likely to depend on the nature of their relationship. Vicarious liability generally applies when

the agent commits negligent acts in the course of employment. In the case of the present paper,

the agent can be seen as an employee or an independent contractor whose responsibility is to

ensure some level of precautionary care on behalf of the principal. Although the principal is

responsible to incentivize the agent, the latter can still be seen as responsible for his choice of
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precautionary care. Unobservability of the effort level or the precise private contract between

the two makes it difficult to assess each injurer’s responsibility in the accident.

Second, if the regulator decides to target only the principal two problems can arise: (i)

The principal may simply not engage in production as she expects that the benefits from

production Π do not cover the expected fines and costs of precaution. In other words, the

principal’s participation constraint must also be taken into account in the design of the

optimal regulation. Or (ii) If the fine is large, the principal may also have insufficient financial

resources to cover the whole payment by herself. In that case, also relying on the agent’s

wealth may improve the amount that the regulator is able to collect.

Distribution Of Revenues Within The Firm. One interesting aspect of the framework with

a judgment-proof agent is that α also affects the distribution of revenues within the firm. Let

e = e(α, F) the equilibrium effort level defined by proposition 2. First, the agent’s expected

utility is U = R(e(α, F)) − E[l] > 0 for all α ∈ [0, α̂1) and then U = 0 for all α ∈ (α̂1, 1]. On

the principal’s side, let V(α) denote the value function of program (JP). From the envelope

theorem, V ′(α) = −(1 − e) ∂∂α(cR(α, F) + (1 −α)F) > 0 so that the principal’s expected payoff

is increasing in α. Therefore, an increase in α benefits the principal but decreases the rent of

the agent. It may also appear surprising that the optimal regulation (α, F) = (0,D) is such that

the agent gets the highest possible rent although he is the one who may cause the accident

by taking two little precautionary care. In fact, leaving the agent with a high rent is the best

possible way to incentivize him to maximize the effort level.

3.1. Participation of the Principal

As mentioned above, when the regulator imposes the optimal regulation (α, F) = (0,D) it may

occur that the principal makes negative profits V < 0. Even if the regulator wants to avoid as

much as possible the occurrence of an accident, it does not mean that the economic activity

must be prohibited. Ensuring the participation of the principal is therefore important if the

regulator values the production of the firm (though not modeled here).

For simplicity, first assume that the regulator sets F = D by default and can only use α

as an instrument policy. It follows that the optimal regulation (α, F) = (0,D) ensures the

principal’s participation as long as

Π−ψ(e∗) − (1 − e∗)
[
cR(0,D) + (1 −α)D

]
− R(e∗) + E[l] > 0,

where e∗ solves equation (9) for α = 0 and F = D. This condition can be violated when Π or

E[l] are low. If this occurs, assuming that the regulator only considers α ∈ [0, α̃1], the new
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optimal choice of allocation of responsibilities, αV within the firm must solve

Π−ψ(e(αV ,D)) − (1 − e(αV ,D))
[
cR(α

V ,D) + (1 −α)D
]
− R(e(αV ,D)) + E[l] = 0

This is indeed possible as the profit of the principal is increasing in α so that there exists a

αV > 0 such that the principal’s profit is nonnegative.

A more complete analysis of the optimal regulation subject to the principal’s partici-

pation would allow for change in both α and F with respect to Corollaries 1 and 2. Let

Ω(α, F) := cR(α, F) + (1 − α)F and V(Ω(α, F)) denote the total amount of fines imposed on

the firm and the value function of problem (JP), respectively. From the Envelope Theo-

rem, it is straightforward to see that the principal’s expected payoff decreases in Ω(·) as

∂V(Ω(α, F))/∂Ω = −(1 − e(α, F)) < 0. Furthermore, proposition 2 states that the equilibrium

effort level is (weakly) increasing in Ω(·). Therefore, to ensure the principal’s participation

constraint and maximize the equilibrium effort level, the regulator must choose Ω such that

When both α and F are close to 0 and D, respectively, the equilibrium is given by

Proposition 2 (a). Therefore, when the regulator seeks to maximize precautionary care it is

equivalent to choose α and F so that

max
Ω∈[E[l],D]

Ω

s.t. V(Ω) > 0

It is clear that the constraint must bind so that the optimal choice of Ω satisfies V(Ω∗) = 0.

Uniqueness of Ω∗ is guaranteed by V ′(Ω) < 0. Then, the regulator must choose (α∗, F∗) so

that cR(α∗, F∗) + (1 −α∗)F∗ = Ω∗. Observe, however, that the choice of (α∗, F∗) is not unique

so that the optimal regulation can be achieved with various combinations of the regulation

instruments. More precisely, if (α∗, F∗) implements Ω∗ then it is also possible to find (α̂, F̂)

with α̂ > α∗ and F̂ > F∗, that is, another regulation scheme in which the agent is more targeted

but the total amount of fines imposed on the firm increases.10

Proposition 3 When the optimal regulation (α∗, F∗) = (0,D) is such that the principal does not

want to participate ex ante, the regulation policy (α, F) must be such that the total perceived fine solves

V(Ω(α, F)) = 0, that is, the principal’s expected profit is null. The choice of (α, F) is nonunique.

Participation of the principal crucially depends on the benefits of the productive activity Π

and on the agent’s expected wealth E[l]. Indeed, let e = e(Ω), then the optimal regulation

10Naturally, I assume that Ω∗ < Ω(0,D) and (α∗, F∗) ∈ (0, 1)× (0,D) so that there exists α̂ ∈ (α∗, 1] and
F̂ ∈ (F∗,D].
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subject to the principal’s participation sets Ω to solve

Π−ψ(e(Ω)) − (1 − e(Ω))Ω− R(e(Ω)) + E[l] = 0.

Totally differentiating this expression yields dΩdΠ = dΩ
dE[l] = − 1

V ′(Ω) > 0. Hence, an increase

in either the productive activity of the expected agent’s wealth allows the regulator to set a

higher total perceived fine Ω which, in turn, leads to higher level of precautionary care. Quite

intuitively, it seems therefore easier to regulate profitable businesses with wealthy members

rather than small returns activities with very financially constrained agents.

3.2. Observability of the Private Contract: Negligence Rule

So far, I have assumed that the private contract was not observable to the Regulator, or,

equivalently, that the Regulator was not using the private contract as a tool to provide the

firm with incentives to take precautionary care. I only considered the “strict liability” rule,

that is, the firm is subject to fines when an accident occurs, regardless of the implemented

effort level.

Assume now that the court can observe the private contract and infer the equilibrium

effort level from the incentive scheme offered by the principal. This kind of regulation is

generally referred to as a “negligence rule”. The regulator defines a negligence standard (an

effort level), and the firm is subject to fines only if both an accident occurs and the negligence

standard is not met.

Suppose that the regulator sets a negligence standard eS ∈ [0, 1] and a regulatory policy

(α, F). When an accident occurs, the regulator investigates the firm and observes the private

contract from which is deduced the equilibrium effort level e∗. If the equilibrium effort level

is equal or higher than the negligence standard, no fine is imposed on the firm. If, however,

the effort level is lower than the negligence standard, the regulatory policy (α, F) applies.

Hence, following the analysis of Demougin and Fluet (1999), it is clear that when the firm

does not comply with the negligence standard, it faces the exact same trade-off than in the

strict liability rule, i.e., problem (JP). Therefore, it is still optimal to fully target the principal

when the negligence standard is not met.

The regulator can then set the negligence standard to the first-best level of effort eS = eFB.

The principal will therefore have to choose either to comply and induce the first-best level of

effort or to choose not to comply and face problem (JP). As in Proposition 4 of Demougin and

Fluet (1999), it is clear that such a negligence rule always weakly improve the equilibrium

effort level.
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3.3. Extension of Liability to the Principal

Assume that if ex post the agent has not enough wealth to pay his share of fines αF, then

the Regulator can seize the amount remaining due to the principal with probability γ ∈ [0, 1].

This practice is commonly referred to as extended liability. I now consider whether extension

of liability to the principal can help mitigate the judgment-proof problem.

First, notice that the utility of the agent is still defined by equation (7). However, the

principal’s expected profit now writes

VJ = Π− etN − (1 − e)cP(tA,α, F) − (1 − e)
[
(1 −α)F+ γ

(
αF− cR(α, F)

)]
,

where αF− cR(α, F) 6 0 is the expected unpaid amount of fines by the agent. Once again

using equation (7), the principal’s expected profit rewrites as:

VJ = Π−ψ(e) − (1 − e)
[
(1 −α)F+ cR(α, F) + γ

(
αF− cR(α, F)

)]
−U.

Notice that for γ = 0, the problem is identical to the (JP) problem for any (α, F) and for

γ = 1 it is as if the Regulator fully targets the principal, that is, (α, F) = (0, F). The principal’s

maximization problem writes maxe,U V
J subject to U > 0 and U > R(e) − E[l]. This problem

differs from (JP) only through the additional payment of γ
(
αF− cR(α, F)

)
in case an accident

occurs in the principal’s expected profit. Therefore, Proposition 2 directly applies by adding

this additional payments in the right-hand side of (9) and (11) and an appropriate change in

threshold levels. For instance, when α is low enough, the equilibrium effort level is given by

eψ ′′(e) +ψ(e) = (1 −α)F+ cR(α, F) + γ
(
αF− cR(α, F)

)
It is clear that having γ > 0 strictly increases the equilibrium effort level, that is, extending

liability to the principal mitigates the judgment-proof problem. Immediate computations

shows that the right-hand side of this equation decreases in α for γ < 1 and is constant in α

for γ = 1. Hence, the optimal regulation policy still consists in fully targeting the principal

(α = 0) for γ < 1. When γ = 1, the Regulator can fully pass on any unpaid fines by the agent

to the principal and the structure of penalties becomes irrelevant.

3.4. Nonmonetary Sanction: Jail sentences

Other penalties than monetary sanctions can be considered such as jail sentences or reputation

losses for instance. It seems intuitive that nonmonetary sanctions can be used as a way to

mitigate the judgment-proof problem.
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Segerson and Tietenberg (1992) consider the joint use of monetary and nonmonetary

sanctions when the firm’s assets are insufficient or when actual fines are below efficient

levels for other legal reasons. They assume that members of the firm can be incarcerated in

addition to the payment of fines when an accident occurs. Jail sentences generates disutility

for individuals directly from the years spent in jail and indirectly also from reputational losses

while it also generates a social cost of incarceration. They find that efficiency of nonmonetary

sanctions crucially hinges on large reputational losses for the members of the firm.

As they also rely on the assumption that the firm can partially escape paying the fines

levied on them, their results suggest that the same type of effect would apply in the judgment-

proof case. Therefore, imposing nonmonetary sanctions such as jail sentences - especially on

the agent – would help mitigate the judgment-proof problem as well.

4. BARGAINING POWER AND OPTIMAL REGULATION

So far, I have assumed that the principal had all the bargaining power in the choice of the

private contract. It seems important to investigate the importance of this assumption for the

choice of the equilibrium effort level. The results for the optimal regulation suggest that

imposing the total amount of the fine on the principal forces her to fully internalize the

sanction. But this result holds because the principal is the one with the bargaining power in

the relationship. Indeed, if the agent has more bargaining power in the private relationship,

he will try to impose his terms to the principal and will obviously benefit from a heavily

targeted principal.

To investigate this issue, assume that b ∈ [0, 1] and 1 − b denote the bargaining power of

the principal and the agent, respectively. Let us now assume that the principal and the agent

have the following objective

bV + (1 − b)U = b
[
Π−etN − (1 − e)cP(tA,α, F) − (1 − e)(1 −α)F

]
+ (1 − b)

[
etN + (1 − e)

[
cP(tA,α, F) − cR(α, F)

]
−ψ(e)

]
The agent’s local incentive constraint is still characterized by (7). Substituting it into the

objective of the coalition and expressing everything in the plane (e,U) as before, the objective

can be rewritten as

T :=
(
Π−ψ(e) − (1 − e)

[
cR(α, F) + (1 −α)F

]
−U

)
+βU,

where β := 1−b
b represents the agent’s relative bargaining power.11 When the agent has

11After plugging (7) into T and changing variables the actual objective of the coalition is bT . As it is equivalent
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bargaining power, he will try to extract rent from the principal. However, I still assume that

the principal cannot reward the agent in case of accident, that is, tA 6 0, so that there is an

upper bound on how much rent the agent can extract from the principal. Formally, if tA 6 0

then cP(tA,α, F) 6 0. This constraint can be rewritten as cP(tA,α, F) = U−R(e)+ cR(α, F) > 0.

The maximization problem writes

max
e,U

(
Π−ψ(e) − (1 − e)

[
cR(α, F) + (1 −α)F

]
−U

)
+βU

s.t. U > 0

U > R(e) − E[l]

U 6 R(e) − cR(α, F)

Π−ψ(e) − (1 − e)
[
cR(α, F) + (1 −α)F

]
−U > 0,

Notice that the value of β plays a crucial part in the solution of this problem. Let us first

consider the case β ∈ [0, 1). It immediately follows that U enters the objective negatively.

Therefore, as in the case in which the principal has all the bargaining power (special case

β = 0 here), at least one of the agent’s constraint must bind and the principal’s participation

constraint is relaxed as U decreases.

Let µ and ν be the Lagrange multipliers associated with the two first constraints. Ignoring

the principal’s participation constraint, the first-order conditions of the problem write12

ψ ′(e) + νeψ ′′(e) = cR(α, F) + (1 −α)F

µ+ ν = 1 −β.

For simplicity let us focus on the case where α is low (similarly to Proposition 2, case (a)).

Only the second constraint binds and thus µ = 0. It follows that the equilibrium effort level is

given by ψ ′(e) + (1 −β)eψ ′′(e) = cR(α, F) + (1 −α)F.

Proposition 4 When the principal is dominant, β < 1, the equilibrium effort level is increasing in β

and the optimal regulation policy still satisfies (α, F) = (0,D).

This result simply confirms results obtained in section 3 when the principal has most of

the bargaining power. It shows, however, that an increase in the agent’s bargaining power

mitigates the judgment-proof problem as the equilibrium effort level increases in β.

When β > 1, the agent has most of the bargaining power and U now enters the objective

positively. It is therefore clear that either the third or the fourth constraint is now binding.

to maximize bT and T , I choose the latter for convenience.
12As long as Π is large enough, the principal’s participation constraint will not be a problem here as she has

most of the bargaining power.
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For simplicity, I assume that Π > D so that the participation constraint of the principal is

never binding (as shown below). Let U = R(e) − cR(α, F), then maximizing the objective with

respect to e gives the following first-order condition13

ψ ′(e) + (1 −β)eψ ′′(e) = cR(α, F) + (1 −α)F.

Notice that when β = 1 and α = 0, the equilibrium effort level solves ψ ′(e) = F. Hence, if

the regulator sets F = D, it is possible to achieve the first-best effort level (characterized by

ψ ′(e) = D). This occurs as β = 1 is equivalent to b = 1/2, that is, the principal-agent coalition

puts the same weights on each member’s payoff. However, as equilibrium effort level is

increasing β it follows that if β > 1 and (α, F) = (0,D) then the equilibrium effort level is

higher than the first-best one. The following proposition summarizes those results.

Proposition 5 When the agent is dominant, β > 1, the equilibrium effort level is increasing in β. If

the regulator chooses (α, F) = (0,D), the equilibrium effort level attains the first-best level for β = 1

but exceeds the first-best level when β > 1.

When the agent is dominant, setting the regulation policy (α, F) = (0,D) might lead to an

excessive precautionary effort level. The intuition behind this finding is the following. The

dominant agent tries to extract as much rent as possible from the principal through increases in

payments tN and tA. However, recall that only punishments are available in case of accident

(tA 6 0) so that once the agent has set tA = 0 (from the binding constraintU = R(e)− cR(α, F)),

the only to extract more rent from the principal is through an increase in tN, the payment

in the absence of accident. This makes the agent even more incentivized that no accident

occurs and in that situation the effort level becomes higher than the first-best one. The

optimal regulation in that case might therefore surprisingly be milder and a decrease in the

total amount of perceived fines cR(α, F) + (1 − α)F becomes desirable. Once again, several

combinations of (α, F) can achieve a lower total amount of perceived fines.

Rewards in Case of Accident. So far, I have assumed that the principal could not offer

rewards (tA > 0) in case of accident but only a punishment (tA 6 0). Although it may be

difficult to regulate private contracts between a principal and an agent, it may be possible to

make sure that an agent does not receive bonuses when accident occurs. This legal restriction

can be imposed for ethical reasons or following the reasoning of incentive theory. Furthermore,

when the principal has all the bargaining power, it is intuitive that she would not offer rewards

to the agent as it would both reduce incentive provision and the possibility of extracting rent

from him.
13The second-order condition requires that −ψ ′′(e) − (1−β)[ψ ′′(e) + eψ ′′′(e)] 6 0 or, equivalently, that β is not

too large. To ensure that the effort level is always interior, I assume that β is such that the second-order condition
always hold.
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When the agent is dominant, however, we have seen that the private contracts is such

that tA = 0 when only punishments are available. This suggests that a dominant agent

would like to set positive tA if possible. Assume now that rewards in case of accident, i.e.

tA > 0, are allowed. The agent’s payoff in case of accident can still be written as m(tA,α, F) =

cP(tA,α, F) − cR(α, F) so that neither his expect utility nor his incentive constraint changes.

For the principal, however, the payoff in case of accident simply becomes tA (instead of

cP(tA,α, F)) as the reward she pays the agent is independent from the regulation policy. Her

expected payoff therefore rewrites VR = Π− etN − (1 − e)tA − (1 − e)(1 −α)F.

For simplicity, assume that the agent has all the bargaining power. It follows that the

maximization problem writes

max
e,tA

R(e) +m(tA,α, F)

s.t. Π− eψ ′(e) − (1 − e)(1 −α)F− em(tA,α, F) − (1 − e)tA > 0,

where it is clear that we can ignore the agent’s participation constraint. As ∂m(tA,α,F)
∂tA

> 0,

the objective is increasing in tA whereas the principal’s profit is decreasing in tA. Then, the

principal’s participation constraint is binding. Notice that if tA > αF, i.e. in case of accident the

agent receives a reward that covers his share of fines, then m(tA,α, F) = tA−αF. Assume that

the equilibrium tA is greater than αF, then it follows that the binding participation constraint

of the principal gives tA = Π− eψ ′(e) − (1 − e)(1 −α)F+ eαF. Plugging this expression into

the objective reduces the problem to maxeΠ−ψ(e) − (1 − e)F. This program is simply the

social objective and it yields the first-best level of effort ψ ′(e) = F.

This result, although not surprising, stresses two important insights for the regulation.14

First, this finding shows that the allocation of penalties between the principal and the agent

is irrelevant when the agent has all the bargaining power. Intuition could have suggested

that members with more bargaining power should be more targeted but this is not the case.

Second, it shows that rewards should be allowed in case of accident. When they are, a fully

dominant agent can extract the whole surplus from the principal and the first-best level of

effort is attained. This contrasts with the result of proposition 5 in which only punishments

are allowed and the agent chooses an excessively large effort level.

5. TWO-SIDED MORAL HAZARD

In many situations, the responsibility of preventing an accident lies with more than one agent.

The probability of accident may then depend upon the action of several agents and it is not
14As in standard principal-agent models, giving the bargaining power to the informed party makes the moral

hazard problem disappear as the rent extraction-efficiency trade-off vanishes.
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possible to hire a single agent in charge of safety. In that case, what should be the optimal

targeting policy if some of the tortfeasors are judgment-proof? Agents may differ in their

wealth characteristics and cost of effort. Should the regulation change with respect to agents’

efficiency and wealth?

To capture the fact that the probability of accident depends on more than one agent, I now

model a two-agent partnership with double-sided moral hazard. Assume that each partner

receives a non-contractible benefit b only when no accident occurs whereas they receive Π < b

independently of the accident. Therefore, their contract consists in choosing a sharing of Π for

the two state of the world. The environmental harm is denoted by D < Π. Agent 1 and agent

2 exert efforts e ∈ [0, 1] and a ∈ [0, 1], respectively. The probability of accident is determined

by
(
1 − p(e,a)

)
where p(e,a) is the joint production function. Individual cost functions of

effort are ψ(e) and C(a) that are both increasing and convex functions. To obtain a tractable

model I further assume the following specific functional forms: p(e,a) = e+ a, ψ(e) = γ1
e2

2

and C(a) = γ2
a2

2 .

As in the one-sided moral hazard case, the regulator chooses the level of total fine F ∈ [0,D]

and a distribution of fines (α1,α2) among the two agents, where α1 +α2 = 1 and αiF is the

share of the fine imposed on agent i = 1, 2. For simplicity, I will assume that F = D so that

the regulator only has to determine the distribution of fines.

Each agent i = 1, 2 has a liability li, uniformly distributed over [0, li]. Neither the regulator

nor the agents know the value of l1 and l2 until the end of the game. The final wealth of

agent i is given by the realization of his liability and his share of the total profit Π. An agent

i = 1, 2 is said to be judgment proof when his final wealth is lower than the amount of the

fine αiD he has to pay to the regulator. I will further assume that D > max{E[l1], E[l2]} so

that in expectation, none of the agent has enough resources to pay the fine in full.

The timing of the game is the following. First, the regulator announces an ex post

regulation policy (D,α). Second, the agents observe the regulation policy and contract upon

profit. The contracting stage is close to Cooper and Ross (1985). Agents play a two-stage game

in which they first agree on a binding contract with respect to their respective share of profit

in the two possible states of the world (“no accident” and “accident”). In the second stage,

taking the terms of the contract as given, they simultaneously choose their effort level e and a.

The design of the private transactions among the two agents has a particular interest in the

context of judgment proofness. Here, I assume that agents agree on a contract (tN, tA) ∈ [0,Π]2

where tk is the share of agent 1 in state k = N,A and thus Π− tk is the share of agent 2

in state k = N,A. As usual in double moral hazard problems, the sharing of the profit
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ensures distribution of incentives in the partnership. With judgment-proof agents, however,

the sharing of profit plays the additional role of concealing revenue to the regulation authority.

Following the same line as the previous principal-agent model, the potential agents’

unability to pay the regulator modify their ex post transfer in case of accident. Let mi(tA)

denote the transfer of agent i = 1, 2 in case of accident. Again, this transfer incorporates both

the private and the public transactions. For uniformly distributed level of liability li ∈ [0, li], I

define

m1(tA) :=

∫ l1

α1D−tA

(tA −α1D)

l1
dl+

∫α1D−tA

0

(−l)

l1
dl,

m2(tA) :=

∫ l2

α2D−Π+tA

(Π− tA −α2D)

l2
dl+

∫α2D−Π+tA

0

(−l)

l2
dl.

Naturally, the payoff of agent 1 is increasing in tA while the one of agent 2 is decreasing in

tA. Let M(tA) := m1(tA) +m2(tA) be the total profit of the partnership when an accident oc-

curs. Notice that it depends upon tA, that is, the way profit is split up in case of accident. This

stems directly from the assumption that agent may be judgment proof: internal distribution

of profits matter now.

I solve the perfect Bayesian equilibrium of the contracting game by backward induction.

For a given contract (tN, tA) ∈ [0,Π]2, agents’ utility functions write

U1 = p(e,a)(b+ tN) +
[
1 − p(e,a)

]
m1(tA) −ψ(e),

U2 = p(e,a)(b+Π− tN) +
[
1 − p(e,a)

]
m2(tA) −C(a).

At the second stage of the contracting game, agents simultaneously choose their effort level.

Differentiating the utility of each agent with respect to own effort and equating to zero gives

the two incentive constraints:

b+ tN −m1(tA) = γ1e, (12)

b+Π− tN −m2(tA) = γ2a. (13)

Given that functions mi(·) are monotonic, the equilibrium effort levels e and a are uniquely

defined by a contract (tN, tA) in the subgame. For simplicity, I ignore both agents’ partici-

pation constraints. This approach would therefore fit with a situation in which agents are

already engaged in production and cannot decide to quit ex ante like for instance if agents

run an established nuclear power plant that cannot be stopped overnight.15

15In the one-sided moral hazard case, the agent can be seen as an employee or an independent contractor who
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Therefore, assume agents choose a sharing of profit and effort levels to maximize joint

profits as follows

max
{e,a,tN,tA}

(e+ a)(2b+Π) + (1 − (e+ a))M(tA) −ψ(e) −C(a)

subject to constraints (12), (13) and (tN, tA) ∈ [0,Π]2.

Notice that tA enters directly into the objective function of the firm. Usually, without

judgment-proofness, profit sharing only serves as a way to distribute incentives within the

firm and affects joint profits only indirectly through changes in equilibrium effort level. In

the judgment-proof case, profit sharing also directly affects profits in case of accident as

shifting monetary resources from one agent to the other also serves as a way of concealing

profits to the regulator. For intermediate values of α1, the total profit of the firms in case of

accident is a U-shape function of tA. The minimal total profit in case of accident is attained

for intermediate values of tA and is exactly Π−D for tA ∈ [α1D,Π−D+ α1D]. In other

words, for intermediate values of tA, the firm pays the whole fine whereas it can increase

total profit by shifting resources more extremely to one or another agent.

Consider first the case of an interior solution in the sense (tN, tA) ∈ (0,Π)2. Plugging (12)

into (13), the first-order conditions with respect to e, a and tA write:

2b+Π−M(tA) − γ1e− λγ1 = 0 (14)

2b+Π−M(tA) − γ2a− λγ2 = 0 (15)

(1 − (e+ a) − λ)M ′(tA) = 0. (16)

where λ is the Lagrange multiplier associated with (13). Analyzing those first-order conditions

(details in the appendix) shows that there exists a local maximum for which M ′(tIA) = 0 so

that tIA ∈ [α1D,Π−D+α1D] and

eI =
γ2(2b+D)

γ1(γ1 + γ2)

aI =
γ1(2b+D)

γ2(γ1 + γ2)

Notice that only tIA depends upon α1 whereas eI and aI only depend upon D and marginal

costs of efforts. More importantly, as the solution requires M ′(tIA) = 0, it means that total

profits of the firm are at their lowest possible value, namely M(tIA) = Π−D. Therefore, the

firm faces the whole amount of fines and agents have to provide quite high effort levels. 16

is in charge of take precautionary care on behalf of the principal. In that case, it is crucial to take into account his
participation constraint as he may simply refuse to take part in a risky activity.

16As a way of comparison, the first-best levels of effort solve maxe,a(e+ a)(2b+Π) + (1 − (e+ a))(Π−D) −
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Intuition suggests that this candidate is, in some cases, the worst possible scenario for the

firm as it has to pay the fine in full and exert effort levels accordingly. As mentioned above,

this candidate to the maximization problem is only a local maximum and it may not be a

global one.

This is indeed the case when the regulator heavily targets one agent. Let us assume that

α1 is close to zero, that is, agent 1 is almost not targeted by the regulation while agent 2 faces

almost the whole fine D. Then the following may arise.17

Proposition 6 When the regulation heavily targets agent 1 (resp. agent 2), the equilibrium contract

may exhibit an extreme sharing out of the profit, namely, tN = tA = Π (resp. tN = tA = 0).

That is, when an accident occurs, the two-agent partnership secures profit by giving it to the

least targeted agent. Notice that when tA = Π and α1, then M(tA) = Π−α1D−E[l2] > Π−D

if α1 is small enough as D > E[l2]. As the firm is able to secure profits in case of accident by

moving resources to the least targeted agent, it will also exert a lower total effort level as the

threat of an accident is also lower. In the case where tN = tA = Π, equilibrium effort levels

are given by

e =
b+α1D

γ1
,

a =
b+ E[l2]

γ2
.

The interpretation is as follows. Each agent has natural incentives to exert effort as b > 0 is

obtained only when no accident occurs. Agent 1 has all the contractible profit Π whether an

accident occurs or not so that an increase in α1 gives him additional incentives to exert effort.

Agent 2, however, receives nothing whether an accident occurs or not so that his incentives to

exert effort are unchanged with respect to α1. However, agent 2 faces a large share of the fine

(as α1 is small) and therefore expects to pay E[l2] if an accident occurs.

For larger α1, the extreme equilibrium tN = tA = Π may not hold anymore. In that

case, we have tA = Π but tN < Π so that e = γ2(2b+α1D+E[l2])
γ1(γ1+γ2)

and a =
γ1(2b+α1D+E[l2])

γ2(γ1+γ2)
. By

symmetry, when α1 is close to 1, we have tN = tA = 0, e = b+E[l1]
γ1

and a =
b+(1−α1)D

γ2
and

for lower α1, tA = 0, tN > 0, e = γ2(2b+(1−α1)D+E[l1])
γ1(γ1+γ2)

and a =
γ1(2b+(1−α1)D+E[l1])

γ2(γ1+γ2)
.

When agents both share the same marginal cost of effort, that is, γ1 = γ2, the optimal

regulation takes a very simple form.

ψ(e) −C(a) and thus they write eFB = (2b+D)/γ1 and aFB = (2b+D)/γ2. Therefore eI = γ2
γ1+γ2

eFB < eFB

and aI = γ1
γ1+γ2

aFB < aFB. When γ1 = γ2, the total level of effort eI + aI is exactly twice as less as the first-best
total of effort eFB + aFB.

17Whether the interior equilibrium is a global maximum crucially depends on the size of D. For low D, the
interior is a global maximum, whereas it is always dominated by extreme sharing when D becomes higher.
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Proposition 7 When γ1 = γ2, the optimal regulation (minimize probability of accident) requires:

α∗1 =
1
2
+

E[l1] − E[l2]

2D
.

Thus, the optimal regulation policy is centered around 1/2 and targets more the agent

with more liability. More importantly, this optimal regulation is unique and thus the way it is

designed matter for incentivizing agents to exert effort.

Two important things stems from Proposition 7. First, the Equivalence Principle fails

to apply due to the judgment-proofness possibility. Agents anticipate the regulation and

write contracts accordingly. Second, in a double moral hazard setting, the optimal regulation

allocates the total fines evenly among injurers. This is in sharp contrast with the optimal

regulation in the case of one-sided moral hazard in which targeting the principal only was

optimal.

6. CONCLUSION

In this paper, I have proposed a theoretical foundation for the optimal distribution of penalties

among several potential injurers. Assuming that injurers have limited financial resources and

therefore sometimes declared judgment proof, I show that the usual Equivalence Principle

does not hold anymore. On the contrary, both in the principal-agent firm and in the two-agent

partnership firm, the optimal regulation distributes fines toward the injurers with available

cash resources. On their side, firms anticipate the regulation and try to prevent paying the

fines as much as possible. This requires the optimal contract to solve a trade-off between

allocating incentives (to avoid the accident) and sharing profits in case of accident to avoid

paying penalties. My result stems from relaxing the modeling assumption that the individuals

must contract ex ante to avoid ex post insolvency. Instead, I assume that there is no need to

contract ex ante on that matter as insolvency simply implies not paying the fines.
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APPENDIX

Proof of Proposition 2. Let λ and µ be the Lagrange multipliers associated with the participation constraint

U > 0 and the constraint U > R(e) − E[l], respectively. First-order conditions write

µeψ ′′(e) +ψ ′(e) = cR(α, F) + (1 −α)F

λ+ µ = 1.

It is clear that λ = µ = 0 is impossible. Consider first that λ = 0, so that µ = 1. It follows that the equilibrium

effort level e1 is given by

e1ψ
′′(e1) +ψ

′(e1) = cR(α, F) + (1 −α)F,

which is equation (9). Let e1(α) be the implicit solution to this equation. Notice that the LHS is strictly increasing

in e and the RHS is stricly decreasing in α so that e1(α) is decreasing in α. As µ = 1, the second constraint is

binding so that U = R(e1(α)) − E[l]. This holds as long as the agent’s participation constraint is also satisfied, that

is U = R(e1(α)) −E[l] > 0. As e1(α) decreases in α, there exists a threshold α̂1 such that U = R(e1(α̂1)) −E[l] = 0.

The principal sets tA = αF− l̂ to extract as much rent as possible from the agent.

Consider now the case where both µ > 0 and λ > 0. Complementary slackness implies thatU = R(e)−E[l] = 0.

For this case, the effort level e2 = e1(α̂1) is constant with respect to α. Notice that the first-order condition with

respect to e gives that µ =
cR(α,F)+(1−α)F−ψ′(e2)

e2ψ′′(e2)
. It is easy to see that for α = α̂1 we have cR(α̂1, F) + (1 −α)F =

e2ψ
′′(e2) +ψ

′(e2) > ψ
′(e2) so that µ > 0. This solution is then valid until α reaches the second threshold α̂2

defined by cR(α̂2, F) + (1 −α)F = ψ ′(e2).

Finally, when µ = 0 it implies λ = 1 and U = 0. The equilibrium effort level is defined by ψ ′(e3) =

cR(α, F) + (1 − α)F and is decreasing in α. Recall that U = R(e) + cP(tA,α, F) − cR(α, F) so that U = 0 requires

that cP(tA,α, F) − cR(α, F) > −E[l] in that situation as R(e3(α)) < R(e2) = E[l] for all α > α̂2. �

6.1. Interior solution for double moral hazard problem.

Equation (16) directly rewrites M ′(t) [1 − (e+ a) − λ] = 0.

• Let us assume that M ′(t) 6= 0 Thus, we must have 1 − (e+ a) − λ = 0. The bordered Hessian of the problem

writes:

H =


0 −γ1 −γ2 −M ′(t)

−γ1 −γ1 0 −M ′(t)

−γ2 0 −γ2 −M ′(t)

−M ′(t) −M ′(t) −M ′(t) 0


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Using Sydsæter et al. (2008) we have to compute two determinants:

B2 :=

∣∣∣∣∣∣∣∣
0 −γ1 −γ2

−γ1 −γ1 0

−γ2 0 −γ2

∣∣∣∣∣∣∣∣ = γ1γ2(γ1 + γ2) > 0

B3 :=

∣∣∣∣∣∣∣∣∣∣∣

0 −γ1 −γ2 −M ′(t)

−γ1 −γ1 0 −M ′(t)

−γ2 0 −γ2 −M ′(t)

−M ′(t) −M ′(t) −M ′(t) 0

∣∣∣∣∣∣∣∣∣∣∣
= [M ′(t)]2[γ2

1 + γ1γ2 + γ
2
2] > 0

These determinants are neither both negative (local min) nor of alternate sign (local max). Thus, this stationary

point is a saddle point.

• Let us assume that M ′(t) = 0. Solving M ′(t) = 0 for t we get:

∫l1

α1D−t
dH(l) −

∫l2

α2D−Π+t
dH(l) = 0

Then, the solutions tF lie in the interval [α1D,Π−D+α1D]. We simply obtain that 18

M(tF) = Π−D.

In other words, if this were a solution to the partnership problem, the agents would pay all the damages without

trying to escape and would exert maximal levels of efforts.

Equation (14) and (15) write

2b+D− λγ1 = γ1e,

2b+D− λγ2 = γ2a.

Summing this two constraints and plugging this into the constraint gives:

λ =
2b+D
(γ1 + γ2)

,

and then

e =
γ2(2b+D)

γ1(γ1 + γ2)

a =
γ1((2b+D)

γ2(γ1 + γ2)

The partnership’s total revenue at this equilibrium writes:

VF = Π−D+
γ2

1 + γ1γ2 + γ
2
2

2γ1γ2(γ1 + γ2)
(2b+D)D2.

18Be careful, here other t might solve M ′(t) = 0. Check what happens.
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Let L∗ be the Hessian of the Lagrangian at the candidate solution:

L∗ :=


−γ1 0 0

0 −γ2 0

0 0 0


From Luenberger and Ye (1984) we have a local maximum if yTL∗y < 0 for all y ∈M = {y = (y1,y2,y3) : (−γ1,−γ2, 0)y = 0}.

Here, we have

yTL∗y = −γ1y
2
1 − γ2y

2
2 < 0.

Then we have a local maximum.
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