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Abstract

This paper deals with the control of hazardous activities in situations
where potential victims can affect their exposure to risk. Economists have
generally considered ex ante regulation (safety standards) to be a substitute
for ex post policies (exposure to tort liability) in order to control externalities.
We show that when the victim’s compensation is partial (e.g. due to death or
serious bodily injury) there are inefficiencies associated with the exclusive use
of negligence liability and that an optimal policy may involve the combined
use of ex-ante regulation and ex-post liability. A noteworthy feature of our
explanation is that regulation is complementary to liability, in the sense that
it may facilitate a higher and more efficient standard of negligence. In that
case, it is efficient to set the regulatory safety standard below the standard of
negligence, which is consistent with the legal doctrines of negligence per se
and the (non) regulatory compliance defense. (JEL: K13, K23)

Keywords: liability, regulation, partial compensation
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1. Introduction

One of the main issues debated in the economics literature on the control of exter-

nalities is the choice between ex-ante regulation of risky behavior and ex-post tort

liability for its consequences (henceforth “regulation” and “liability”, respectively).

In an ideal setting, either regulation or liability can induce efficiency. However,

when information is limited, adequate sanctions cannot be imposed or administra-

tion costs are taken into account, the two instruments can produce different outcomes

in terms of efficiency. In these circumstances, economic analysis can identify which

of the these two instruments is better suited to minimize social costs.

It has been pointed out, for example, that liability is more vulnerable in the

following scenarios: the judgment-proof problem (i.e. the possibility that the injurer

will go bankrupt and will not be able to compensate the victim); the possibility

that only some of the victims will be successful in obtaining compensation; the

difficulty or impossibility of identifying the injurer, especially if the effects of the

externality are long-term; or the possibility that injurers will not be fully aware of the

consequences of their actions. On the other hand, regulation is usually constrained

by limited information, and because the regulator does not take into account specific

circumstances. As a result, regulation will under-deter some injurers and over-

deter others. Moreover, regulation is generally considered to be more costly to

enforce because it requires monitoring of behavior rather than accidents (Shavell,

2013).1 Therefore, the social preferability of either regulation or liability cannot be

determined for the general case, but rather depends on the specific situation under

consideration.
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While the pros and cons of each instrument are well understood, what seems

to generate less agreement is the reason that regulation and liability are so often

used jointly. For example, in the United States, the Resource Conservation and

Recovery Act (1982) imposes technological regulations on the production of toxic

wastes, while under the Comprehensive Environmental Response, Compensation,

and Liability Act (1979) victims can sue hazardous waste producers for the recovery

of compensatory and punitive damages.2 Of course, any explanation of the joint use

of liability and regulation is necessarily based on some limitation or imperfection

of either instrument, which prevents it from achieving efficiency when used in

isolation. Since the limitations of regulation and liability are generally of a different

kind, it is claimed that each instrument can compensate for the limitations of the

other one. In this respect, the most common accounts to explain why liability

should be supplemented by regulation are that the injurer is judgment-proof or that

he can escape liability (Shavell, 1984; Schmitz, 2000; De Geest and Dari-Mattiacci,

2007). The latter problem can, at least in principle, be solved by the application

of multiplicative damages (e.g. treble or punitive damages) or by the application of

additional ex-post sanctions. However, again, if the injurer does not have sufficient

resources, the use of ex-ante instruments such as regulation will be justified.

Judgment proofness, however, is not always a convincing argument. As other

authors have pointed out, the injurer is in many circumstances a large firm and the

damage is not catastrophic (Innes, 2004). Moreover, in order to solve or at least

mitigate the problem, (mandatory) liability insurance may be a viable alternative to

regulation.

A different justification for the joint use of regulation and liability is offered by
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Kolstad, Ulen, and Johnson (1990), who emphasize the uncertainty regarding the

standard of care under a negligence rule. The introduction of regulation, in the

form of an ex-ante specification of a standard, reduces such uncertainty because it

eliminates the possibility that the courts will err by setting too low a standard. As a

consequence, regulation increases the level of care taken by injurers, correcting cases

of under-compliance—possibly at the price of exacerbating over-compliance—when

liability is used as the sole instrument.3

Bhole and Wagner (2008) explain the joint use of regulation and liability when

care ismultidimensional, with some dimensions observable and others not, and there

is uncertainty about conviction. In this case, supplementing liability with regulation

can be beneficial even without assuming judgment proofness, since it decreases

the expected liability cost of the activity carried out by the injurer.4 Finally, Innes

(2004) justifies the joint use of liability and regulation on the basis of different

enforcement costs for detecting non-compliance relative to accidents (assuming that

some accidents are costlessly detected while others are costly to detect).

We propose a novel justification for the joint use of liability and regulation, which

relies on a different limitation of liability. In contrast to previous contributions,

which focused on unilateral accident models, we consider situations in which: (1)

victims have a role in determining the size of the harm, either by taking care or

by deciding not to engage in activities which expose them to the risk of being

harmed, and (2) victims cannot be fully compensated ex post for the harm suffered

in the case of an accident. When victims can avoid harm by adopting defensive

behaviors and they are only partially compensated for the harm in the case of an

accident, injurers can act strategically and refrain from taking due care, anticipating

5



that victims will be induced to alter their behavior. This will be the case even when

judgment proofness is absent, and the expected liability to the injurer equals the

expected harm.

The circumstances in which victims play a role in avoiding harm are both

common in the literature and prevalent in reality.5 The main result in the litera-

ture regarding “bilateral accidents” is that with full compensation of the victim,

a negligence rule dominates a strict liability rule, since the former—but not the

latter—induces an optimal level of care on the part of both the injurer and the victim

(a result that extends to the choice of the optimal level of activity by the victim).

We depart from the textbook model of bilateral accidents by assuming that, in case

of harm, compensation of the victim is only partial, even when the injurer is found

liable and properly sanctioned.

With full compensation, when the injurer behaves negligently the victim is

equally well off whether the accident occurs or not. Although full compensation is

often assumed as a benchmark case, it is an ideal which is rarely achieved. First, in

some cases the accident can result in the death of the victim or permanent bodily

injury that simply cannot be ex-post compensated for by any (reasonable) monetary

amount. This clearly does not imply that people place an infinite value on their lives,

nor does it imply that they are reluctant to risk death or serious bodily injury. People

indeed take such risks all the time in order to save money or increase their pleasure.

For example, people buy cheaper cars with lower safety levels; they engage in risky

though enjoyable sports; etc. However, in these cases people expect to benefit from

the savings in money and the increase in pleasure while they are alive and well.

Compensation under tort law, on the other hand, occurs after an accident has taken
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place, that is, in a state of the world where it is of less or no value at all to the

individual. Therefore, from the perspective of the victim, receiving compensation

only when an accident occurs amounts to partial or no compensation.6

Second, in less extreme cases, courts usually compensate victims for tangible,

easily documented losses (medical costs, lost income, the costs of repairing damaged

property, etc.), while they are more reluctant to compensate for intangible losses

such as emotional harm, distress, pain, and suffering, which are much more difficult

to quantify. More importantly, under many jurisdictions, the legislator imposes caps

on non-economic damage, namely, “pain and suffering” and “loss of life enjoyment”.

For example, some states in the US impose such caps in medical malpractice cases,

while others impose them in any personal injury claim. The caps vary from $350k

to $750k.7

Finally, bringing a suit involves legal expenses, which in general are not fully

recovered. Indeed, it is estimated that legal costs are in the vicinity of a third of the

expected judgment.8 This is the case under the American rule (each party bears its

own legal costs); but even under the English rule, some costs, such as time, effort

and stress, are not recovered.

In all these cases, a potential victim will, under a negligence rule, avoid harm

if its probability is high and the avoidance costs are sufficiently low. The injurer

can therefore opportunistically decide to reduce care, counting on the fact that, in

response, many potential victims will take care or avoid any interaction with the

injurer. This is a likely scenario if the interaction between the injurer and the victim

is sequential, such that the injurer has a first mover advantage; but it can also occur

if the interaction between the parties is simultaneous. As a consequence, liability
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may turn out to be ineffective in securing efficiency.

In such circumstances, regulation can play a critical and constructive role since it

can affect the strategic interaction between injurers and victims, ultimately eliciting

a different behavior from the victim which restores the effectiveness of liability. In

other words, the role of regulation can be to eliminate an equilibrium in which the

victim’s level of activity is inefficiently low. To accomplish this, it is not necessary

that the regulatory standard be set at the optimal level of care required of the injurer,

or close to that level; rather, it is sufficient that due to the ex-ante regulation the

interaction between the injurer and the victim becomes safe enough to convince the

victim to engage in the activity and/or not to take an excessive level of care.

Indeed, a great deal of regulatory activity can be understood as an attempt to

reassure the public (i.e., potential victims) about the safety of some interaction

with potential injurers. For example, in the US the EPA (Environmental Protection

Agency) provides information to the public about its enforcement strategies and the

level of compliance by individual facilities in a specific area;9 the FDA (Food and

Drug Agency) issues “enforcement reports” and “warning letters”, informing the

public about food and drug safety;10 and so on.

Modeling regulation in our framework leads to interesting and richer results. In

particular, we adopt the assumption commonly made in the literature that it is costly

to enforce compliance by means of a regulatory standard (“enforcement costs”).

Under this assumption, the regulatory standard—with or without liability—will fall

short of the efficient level of care. However, in such a setting, the joint use of

regulation and liability dominates regulation alone and often improves on the use of

liability as the exclusive policy instrument. Thus, regulation can be effective even
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when it is an imperfect and costly social instrument. Indeed, the presence of regu-

lation will make it optimal to set the standard of negligence at a level which would

be excessive if liability were used alone. We therefore emphasize the complemen-

tarity between the two instruments, in the sense that they are mutually reinforcing

instruments used to deter harmful behaviors. In other words, regulation makes

liability more effective, while liability makes regulation useful in circumstances in

which regulation or liability alone might be a far from optimal instrument to control

externalities.

Our analysis contributes not only to the debate regarding the joint use of reg-

ulation and liability but also the discussion of the negligence per se doctrine and

the regulatory compliance defense doctrine (or rather its inconclusiveness). A ma-

jority of courts in the US, for example, have adopted the rule that the violation

of a regulatory standard constitutes negligence in itself (i.e., it is negligence per

se). However, the converse is not true, since compliance with a regulatory standard

does not prevent the injurer being deemed negligent. Indeed, generally speaking,

regulation is assumed to set only minimum standards, although the rationale for this

is not specified (De Geest and Dari-Mattiacci, 2007). As our analysis shows, not

only is it efficient to use both liability and regulation, but the efficient level of the

regulatory standard should be lower than that of the negligence standard. Thus, in

our setting, violating a regulatory standard should be considered negligence, while

abiding by it should not be regarded as a defense for liability. Our analysis makes

economic sense of this asymmetry.

Our account of the complementarity between regulation and liability is in the

spirit of De Geest and Dari-Mattiacci (2007). In their analysis as well, the role
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of regulation is to eliminate an inefficient outcome (particularly an inefficient local

minimum) in which care is sub-optimal. Moreover, they consider negligence to

be one of the sources of non-convexity in the injurer’s expected cost, giving rise

to this kind of inefficiency. Our account is markedly different, however, since

what drives the result is the strategic interaction between injurers and victims in a

bilateral accidents framework. De Geest and Dari-Mattiacci, and indeed the rest of

the literature, consider a unilateral accidents setup and the inefficiency of liability is

ultimately due to judgment proofness or a low probability of being sued in case of

an accident.11

The paper proceeds as follows: in section 2, we set up the formal model and

demonstrate the consequences of assuming that compensation is partial. In section 3,

we introduce regulation and discuss how it can complement liability to improve

efficiency. In section 4, we examine how the result is affected by the sequence of

the interaction. Section 5 summarizes our results and concludes.

2. A model of negligence and partial compensation

To show how partial compensation of victims can lead to an inefficiently low level

of care by the injurer, we consider a version of the standard model of liability under

a negligence rule when the harm also depends on victims’ behavior.

A risk neutral firm or individual, henceforth referred to as the injurer, is carrying

out an activity, which produces a negative externality on a population of potential

risk neutral victims (henceforth simply “victims”). Let the expected harm for the

victim be h(x), where x is the cost of care for the injurer: a higher level of care

reduces the expected harm at a diminishing rate, that is, h′ < 0 and h′′ > 0. Although
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we allow the harm to the victim to be probabilistic, risk neutrality makes this aspect

irrelevant, so we will speak interchangeably of harm or expected harm.

We assume that victims can avoid the risk of harm. To keep in mind some

concrete examples, imagine that the potential injurer is an industrial plant generating

harmful emissions in the surrounding area, while victims are neighboring residents;

alternatively, consider that the plant pollutes a river and potential victims are families

spending their leisure time (e.g., swimming) at the riverside.

Victims, having observed the level of pollution, can avoid harm by moving off

the area or giving up the activity, but this, we assume, is associated with a cost

w > 0. Thus, w reflects the opportunity costs for victims of avoiding harm. In light

of these examples, we will characterize victims’ choice as one of participation. This

is a distinctive feature of our model; the standard model of bilateral care considers

the choice of the level of care by the victim, and draws a distinction between the

choice of care and activity (the latter includes, as a limiting case, the decision to

participate); however, in the bilateral care model, a negligence rule copes efficiently

with both dimensions of victims’ choice. In fact, both in the standard model and in

ours, the analysis could be conducted by referring either to the level of care or to

participation, where victims’ decision to take care in one context corresponds to the

decision not to participate in the other.12

We assume that w is distributed across the population of potential victims

according to a cumulative distribution function F. We indicate by z the minimum

level of w such that a victim decides to participate, i.e. the opportunity cost of

avoiding the interaction with the injurer for the “marginal” victim; hence, F(z)

represents the fraction of the population for which the benefit from participation
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w is less than or equal to z, and N(z) = 1 − F(z) is the fraction of the population

participating when the individual expected cost of the externality is equal to z.

Because w > 0, we have that F(0) = 0, hence 0 6 N(z) 6 1 with N(0) = 1. Note

that, although each victim makes a binary decision whether to participate in the

interaction with the injurer or not, with a large population of victims the resulting

variable N(z) representing victims’ participation in the activity is continuous and

differentiable, such that N′(z) 6 0.

Taking into account the level of participation of potential victims, and normal-

izing the total population to one, the expected aggregate harm is N(z)h(x) and the

social welfare as a function of x and z is:

B(z) − N(z)h(x) − x (1)

where

B(z) =
∫ ∞

z
wdF(w) (2)

is victims’ aggregate benefit (or forgone cost of moving elsewhere) from the activity

which exposes them to the externality. By maximizing (1) with respect to x and

z, we determine the socially optimal level of care by the injurer and the optimal

participation of potential victims. It is convenient for the analysis that follows to

solve the problem in two stages, defining the benefit for victims at the optimal level

of participation as a function of the level of care x:

W(x) ≡ max
z

{
B(z) − N(z)h(x)

}
. (3)
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Because B′(z) = −F′(z)z = N′(z)z, we have that the first order condition for the

maximization (3) is N′(z)(z− h(x)) = 0, hence an interior solution is z = h(x). This

has a straightforward interpretation: given that a victim will decide to participate

if and only if the resulting benefit w is larger than the cost, the optimal level of

participation is achieved when victims are exposed to the full effect of the externality

h(x).13 When this is the case, victims’ net benefit is maximized and equal to W(x),

and

W(x) = B(h(x)) − N(h(x))h(x) W′(x) = −N(h(x))h′(x). (4)

Therefore, when we take into account the cost of care x, and participation is optimal

given x, social welfare can be expressed as

W(x) − x. (5)

We assume the maximization of (5) has an interior solution: the optimal level of

care x∗ is larger than zero and satisfies the first order condition W′(x∗) = 1, or

−N(h(x∗))h′(x∗) = 1. (6)

Intuitively, efficiency requires that the resulting marginal reduction in total harm

equals the marginal cost of care. However, it is worth emphasizing that there is no

warranty the function W(x) is always concave, hence the first order condition is not

sufficient.
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2.1. Negligence with full compensation

A standard result in the economic analysis of liability is that, when due care is set to

the efficient level, namely x∗, and the compensation is equal to harm, a negligence

rule induces the injurer to take efficient care and the victims (as the residual bearers

of the expected harm) to choose the efficient level of activity z∗ = h(x∗). This is

easily shown in our framework. When care is below the level of due care (x < x∗),

in case of accident the injurer will be liable and will pay to victims damages equal

to the harm h(x). Victims, observing a level of care x < x∗ and knowing they

will be fully compensated for the harm suffered, will participate as long as w > 0,

hence participation will be N(0) = 1. On the other hand, with x > x∗ the number

of victims is irrelevant for the injurer, who is not held liable for the effects of his

decision. Therefore, the injurer will choose x to minimize


h(x) + x x < x∗

x x > x∗
(7)

For x < x∗ we have

x∗ < N(z∗)h(x∗) + x∗ ≤ N(z∗)h(x) + x ≤ h(x) + x (8)

where we’ve used the fact that x∗ minimizes N(z∗)h(x) + x and that N(h(x)) ≤ 1.

Because there is no point choosing x > x∗ under a negligence rule, the optimal

choice will be x∗. On the other hand, when the injurer is not negligent, victims will

fully bear the consequences of the accident, hence their participation will be defined

14



by the condition z∗ = h(x∗).

2.2. Negligence with partial compensation

The equilibrium turns out to be markedly different when the compensation of the

victim is partial. In this case, an accident is costly to the victim even when the

injurer is negligent and fully liable. We assume that h(x) reflects the social and the

private harm to the victim from the accident;14 damages paid by the injurer are equal

to social harm, namely, h(x), while q will be the fraction of the expected harm that

the victim bears after taking into account compensation. The most straightforward

way to interpret this framework is to imagine that part of the damages paid by

the injurer—namely: qh(x)—goes to a third party instead of the victim—say the

government.15 In the exterme case that the victim receives no compensation at all

(q = 1) the framework reflects ex-post, negligence based public sanction, creating

a separation between liability and compensation. Another interpretation, that we

emphasized in the introduction, follows when the accident results in the death or

serious bodily injuries of the victim. It is true that the victim can internalize the

value of the compensation received by heirs, but in general we expect that such

compensation is lower, possibly much lower, than the amount that could make the

victim indifferent between incurring and not incurring the accident (provided that

such amount exists and is finite).16

Throughoutmost of our analysis, we assume a specific sequence of the interaction

between the injurer and potential victims: first the injurer decides the level of care x,

and on the basis of this choice (which victims can observe) victims decide whether

to participate or not. Note that such specification was not necessary in the case of
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full compensation, as the choice of the injurer was independent of victims’ behavior

(i.e. the injurer had a dominant strategy to take efficient care). We will return to

this point in section 4, where we will analyze the consequence of assuming that the

interaction between the parties is simultaneous.

We analyze the effect of liability considering that the standard of negligence

is set at level xn and that damages are set equal to the actual harm. Note that the

standard can be set at xn = x∗, but it is useful to present the case of a generic standard

of negligence xn 6 x∗.

When x < xn, victims’ participation will be determined by the condition z =

qh(x). Anticipating victims’ behavior, the injurer will choose x to minimize:


N(qh(x))h(x) + x x < xn

x x > xn

(9)

The marginal effect of an increase in x at x < xn is

h′(x)
[
N(qh(x)) + qh(x)N′(qh(x))

]
+ 1; (10)

this is higher than it was in the case full compensation, i.e. h′(x) + 1 (recall that

h′ < 0, 0 6 N 6 1 and N′ 6 0, so the term in brackets in (10) is less than one).

Moreover, while 1 + h′(x) is always negative for x 6 x∗,17 the expression (10) can

be positive,18 implying that the cost for the injurer decreases as x is reduced. The

intuition is simple: on the one hand a reduction in care by the injurer increases the

expected harm for each potential victim, but on the other hand it induces a larger

share of potential victims to avoid the risk of being harmed; the net effect may be a
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reduction in the aggregate harm the injurer will be held liable for.

This implies that for some low levels of precautions the saving in precaution

costs may exceed the expected cost of being sanctioned. In other words, there may

be values x < xn such that

N(qh(x))h(x) + x < xn. (11)

Let Q(xn) be the set of values x for which condition (11) is satisfied. If Q(xn)

is non-empty, all the values belonging to this set will be preferred by the injurer

to complying with the standard of negligence xn. To be satisfied, condition (11)

requires that, when the injurer takes an insufficient level of care (x < xn), the benefit

from participation is lower than the expected uncompensated cost for a large enough

share of the population; or, equivalently, the uncompensated cost is high enough

that most of the population will prefer to leave and refrain from any interaction with

the injurer. Clearly, for given xn, condition (11) will be more likely satisfied the

larger is the share of the uncompensated harm, q.

That condition (11) is satisfied for some x is not just a theoretical possibility.

Indeed, this will certainly be the case when setting the minimum possible level of

care (x = 0) induces a very low level of participation, as with N(qh(0)) approaching

zero the LHS of the inequality is driven down to zero as well. One can imagine that

this occurs when the probability of an accident at low levels of care is not trivial,

and the accident will result in death or serious bodily injuries of the victim.19

For future reference, it is useful to introduce some additional definitions. When

Q(xn) is non empty, we define β(xn) as the supremum of Q(xn), i.e. the lowest value
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x which is larger than all values in Q(xn); in other words, β(xn) has the property that

for all x > β(xn) we have xn 6 N(qh(x))h(x) + x, and no value x′ < β(xn) has the

same property. Because h and N are continuous, β(xn) is the value x which solves

N(qh(x))h(x) + x = xn (more precisely, because we cannot be sure the solution is

unique, it is the maximum value of x where this equality is satisfied when its LHS

is increasing).

Clearly, β(xn) < xn, and β(xn) is increasing in xn. The latter property follows

from the fact that, as xn decreases, the inequality in condition (11) becomes more

restrictive, hence the set Q(xn) shrinks: with x′n < xn, we have Q(x′n) ⊂ Q(xn).20

When β is differentiable, monotonicity implies that β′(xn) > 0; note however that

continuity and differentiability of β are notwarranted everywhere, as N(qh(x))h(x)+

x is not necessarily monotonic.21

If Q(xn) is non-empty, the injurer’s optimal choice when the negligence standard

is set at xn will be to select the level of care x̂ where N(qh(x))h(x)+ x is minimized

for x ∈ Q(xn).22. We define x̄ as

x̄ = N(h(x̂))h(x̂) + x̂ > x̂ (12)

where the inequality follows from the fact that N(h)h > 0. We can prove the

following

Lemma 1. Assume there exists some value xn such that Q(xn) is non-empty, that

the function N(qh(x))h(x) + x is minimized in Q(xn) at x̂ and define x̄ from (12).

Then,

a) for any x′n such that Q(x′n) is non-empty, the function N(qh(x))h(x) + x is
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minimized in Q(x′n) at x̂;

b) Q(x′n) is non-empty if and only if x′n > x̄. 2

Proof. To prove a), consider first x′n < xn such that Q(x′n) is non-empty: as stated

above, it will be Q(x′n) ⊂ Q(xn), hence the minimum in Q(x′n) cannot be lower than

the minimum inQ(xn); on the other hand, because x̂ is such that N(qh(x̂))h(x̂)+ x̂ <

N(qh(x))h(x)+x for all x ∈ Q(xn), the inequality is satisfied for all x ∈ Q(x′n), hence

x̂ belongs to Q(x′n); it follows that x̂ is the minimum in Q(x′n). Consider instead that

x′n > xn such that Q(x′n) is non-empty: because Q(xn) ⊂ Q(x′n), x̂ belongs to Q(x′n);

moreover, for x ∈ Q(x′n)\Q(xn) it is N(qh(x̂))h(x̂) + x̂ > xn > x̂, hence x̂ is the

minimum in Q(x′n).

To prove b), consider that, because of a), when Q(x′n) is non-empty it has a

minimum in x̂, hence x̂ ∈ Q(x′n). This implies that x̄ = N(qh(x̂))h(x̂) + x̂ < xn. On

the other hand, if x′n > x̄, then N(qh(x̂))h(x̂) + x̂ = x̂ < x′n, hence condition (11) is

satisfied at x̂, and Q(x′n) is non-empty. �

The Lemma states that, when Q(xn) is non-empty for some xn, no standard of

negligence above a certain threshold x̄ will induce the injurer to take due care (as

defined by the standard itself). When xn > x̄, the injurer will select the level of care

x̂, which does not depend on the specific xn.

We will assume throughout our analysis that Q(x∗) is non-empty: following the

Lemma, this is equivalent to assuming there is x̄ such that Q(xn) is non-empty for

all xn > x̄ and x∗ > x̄.

In figure 1 we provide a graphical illustration of the expected costs for the injurer

under specific assumptions on the shapes of the relevant functions and on the values
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of the parameters. Namely, we assume that q = 2/3, h(x) = 40e−x , and F is a

log-normal distribution, with mean and standard deviation on the log scale both

equal to 1.25 (the values have been chosen to make the graph as clear and readable

as possible).

x

N(z∗)h(x)+ x

x∗

x̄

x̄ x∗β (x∗)

x∗

Figure 1. Simulation with h(x) = 40e−x and lnw ∼ N(1.25, 1.25)

The injurer’s expected cost N(qh(x))h(x) + x is represented by the blue line.

For reference, we have included in the graph the expected cost when the population

of victims is fixed at its optimal level, whose expression is N(z∗)h(x) + x (dashed

curve),23; its minimum identifies the socially optimal level of care x∗ (dashed curve).

The graph shows that the set Q(x∗) — the shaded area — corresponds to the

interval between zero and β(x∗), where the expected cost for the injurer is lower

(while for all x > β(x∗) it is higher) than x∗. It is clear that in this specific case

the expected cost is minimized at x = 0. At such a low level of care, in fact the
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minimum possible level, the population of potential victims will be small in size, and

the aggregate expected harm will be low. Although expected harm is minimized,

social welfare will not bemaximized at this level, as social welfare takes into account

the forgone benefits of the victims who were discouraged from participating in the

activity.

In our example, if the negligence standard is set at x∗—or at any other level xn

such that Q(xn) is non-empty—the injurer will choose a level of care equal to zero.

However, setting the efficient standard and letting the injurer choose a lower level

of care and be negligent is not optimal in general. More generally, there is no point

setting a standard xn > x̄, such that Q(xn) is non-empty and the injurer selects x̂:

because with xn < x̄ the corresponding set Q(xn) is empty (see Lemma 1 above)

it is always possible to induce the injurer to select any level between zero and x̄

(including x̂, as x̂ < x̄) by choosing such level directly as standard of negligence.

Therefore, if Q(x∗) is non-empty, the optimal standard of negligence will be the

level which maximizes social welfare W(x) − x in the interval [0, x̄].24

We summarize all the discussion above in

Proposition 1. Consider a bilateral accident model where a negligent injurer is

liable for harm but victims’ compensation in case of an accident is partial. Then,

if the set Q(x∗) is not empty (i.e. condition (11) is satisfied for some x when

xn = x∗), the optimal standard of negligence will be in the interval [0, x̄], with

x̄ < x∗, implying an inefficiently low level of care and, consequently, an inefficiently

low level of participation/activity of victims. 2

Proposition 1 states that, under plausible circumstances, a negligence regime

where the standard of care is set at the efficient level can induce a sub-optimal
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level of care by the injurer (possibly a corner solution where the injurer takes the

minimum possible care). Consequently, there will be an inefficiently low level of

participation by the potential victims. The reason in a nutshell is that since victims

are not fully compensated for the harm, the injurer can strategically reduce the level

of care, anticipating that the victims will respond by avoiding the interaction; as a

result, the actual liability for the injurer will be lower than the cost of abiding by the

negligence standard.

From the logic of the argument, it also follows that an increase in liability in

case of an accident may not solve the problem, as the injurer can still strategically

count on the fact that it will be in the interest of the victims to avoid the harm by

choosing to refrain from the interaction with the injurer. This possibility depends of

course on the effect of an increased risk of accident on participation: if a sub-group

of the population of victims derives a large benefits from the interaction, or if for

some other reasons it is bound to interact with the injurer, punitive damages or other

solutions involving accident based sanctions could in principle increase the expected

liability for negligent injurers sufficiently, and therefore induce them to take efficient

care.25

Another possible solution, that the reader should always bear in mind, is to fully

compensate the victim for harm. However, as we pointed out in the introduction,

in certain cases involving death and serious bodily injuries, ex-post compensation

is simply impossible. In other cases, under-compensation may be a result of a

deliberate policy choice, as in the case of damages cap or non-recovery for (all)

legal expenses.26

In the next sections we will discuss the effect of supplementing ex-post liability
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with ex-ante regulation. We canmake the argument that the regulator (in the U.S. for

example, the federal regulator) cannot alter the policy leading to under-compensation

of victims, but it can contemplate the use of regulation.

3. Regulation as a complement to liability

We discuss now the effect of supplementing ex-post liability with ex-ante regulation.

By regulation, we mean direct imposition of a safety standard whose observance is

monitored and enforced irrespective of the occurrence of an accident and is backed

by a sanction. Therefore, regulation requires setting the regulatory standard (xr)

along with the enforcement policy, characterized by the intensity of monitoring

and the sanction in case of violation. Because punishment does not depend on the

frequency or number of accidents, regulation is immune from the problem affecting

liability described in the previous section.

In the present framework, the joint use of liability and regulation can be un-

derstood as a method to eliminate the potential weaknesses of liability emphasized

above. It is apparent from our analysis that liability could be markedly more effec-

tive if the injurer is forced to choose a sufficiently high level of care: knowing that

the probability of an accident is not too high, potential victims would participate

in the interaction with the injurer; therefore, the injurer could no longer count on

victims’ avoidance and would be induced by liability to take due care. Since ex

ante regulation does not depend on the link between care, participation and actual

occurrence of an accident, its introduction can be an effective way to reassure and

convince victims that the injurer will take a sufficiently high level of care.

In this context the function of regulation is not to induce the injurer to take the
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optimal level of care, but rather to make the inefficient equilibrium unattractive for

the injurer. To this end, it is sufficient that regulation induces the injurer to take a

level of care such that the expected cost for the negligent injurer is larger than the

costs of abiding by the negligence standard, x∗.

In the previous section we defined β(xn) as the level of care above which, taking

into account the reaction of the victims, the injurer’s expected cost is larger than

xn. Therefore, we can state more specifically that the purpose of regulation is to

induce the injurer to take a level of care x > β(xn). This result will be achieved if a

regulatory standard xr equal to or larger than β(xn) is set, and sanctions (at a level

such that the injurer will prefer to abide by the regulatory standard) are imposed

when such a standard is not met, regardless of the occurrence of an accident. In

other words, regulation can be used to induce the injurer to choose his level of care

in the interval between β(x∗) and x∗.

We summarize this point in the following:

Proposition 2. In the bilateral accident model of Proposition 1, consider a standard

of negligence xn > x̄ (i.e. such that Q(xn) is non-empty). If such a regime is

supplemented by ex-ante regulation with a minimum standard xr such that β(xn) 6

xr 6 xn, the unique equilibrium involves the injurer taking a level of care equal to

xn. 2

Proof. The proof follows straightforwardly from the fact that, when the standard

of regulation xr is enforced, the choice of the injurer is restricted to be a level

x > xr > β(xn). From the definition of β(xn) follows that for any x > β(xn) the

expected cost for the injurer will be no lower than xn. �
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From this directly follows that it is possible to reach the efficient level of care x∗

and participation z∗ = h(x∗) by supplementing negligence (with standard xn = x∗)

with regulation (with standard xr with β(xn) 6 xr < x∗).

Proposition 2 emphasizes the complementary role of negligence and regulation,

but does not say much about the optimal value of xr . Moreover, one may wonder

whether negligence is necessary at all, given that we could obtain x∗ simply by

setting xr = x∗. Finally, we could ask if, having to rely on regulation, xn = x∗ is

still an optimal solution. To this end, we introduce the costs of regulation in a more

detailed way.

3.1. Enforcement costs

Regulation is costly. The simple reason is that it requires the regulator to monitor the

behavior of potential injurers and verify that safety standards are respected. We will

assume, therefore, as it is also customary in the literature, that regulation involves

the cost of inspecting (possibly probabilistically) the behavior of the injurer and

imposing a sanction in case the standard is violated. The regulator, therefore, needs

to choose a regulatory standard, xr , whose violationmay trigger a sanction, a level of

enforcement and the level of the sanction in case a violation is detected. To enforce

the regulatory standard, the regulator needs to monitor the behavior of the injurers

and it can do so probabilistically (we assume that an inspection occurs with no errors

such that non-compliance is always identified). The cost of enforcing and punishing

non-compliance is increasing in the probability p that a violation is detected; we

assume for simplicity that the cost is linear in p (in case of a population of potential

injurer, we can think of p as the percentage of injurers which are inspected), hence

25



it is equal to δp with δ > 0.

We will assume that the sanction is a monetary sanction and therefore its im-

position is socially costless. Because inspecting is costly, the enforcement cost

will be minimized by setting the sanction to its maximum level S, which can be

interpreted as the highest level of the sanction prescribed by the legislator or as the

maximum feasible resources of potential injurers. It follows that the cost minimizing

probability of inspection is the lowest p which satisfies:

xr 6 pS (13)

i.e. the expected sanction must not be lower than the cost of the required level of

care. Observe that, when (13) is satisfied, the injurer will abide by the regulatory

standard xr , while he will violate the regulatory standard and choose a level of care

equal to zero otherwise (assuming of course the absence of a negligence regime).27

Because theminimum probability necessary to induce a given regulatory standard xr

is p = xr/S, the corresponding enforcement cost (namely, theminimum enforcement

cost, when the sanction is set to its maximum value S) will be

δp = δxr/S = cxr ; (14)

hence, the enforcement cost is (linearly) increasing in the standard, with c = δ/S

the marginal cost of increasing the regulatory standard.28

The reader may wonder why similar costs (namely, the costs of enforcing the

negligence system) were not taken into account in our previous analysis and whether

they should be explicitly introduced here. Enforcement of negligence, to be sure,
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requires some monitoring too, when an accident has taken place, in order to estab-

lish whether the injurer was negligent. However, traditionally, the costs of enforcing

negligence were not always taken into account in the tort literature.29 More im-

portantly, it stands to reason that, for a given level of deterrence, the enforcement

costs of regulation would be higher than the costs of enforcing negligence, for two

main reasons. First, the nature of the accident itself may provide guidance to what

went wrong, and may point out whether the injurer failed to take due care, making

detection easier. To illustrate, consider a set of cameras to control traffic laws in

a certain geographic area. It is one thing to monitor all cameras all the time, it is

another thing to check a camera at a specific location. The costs for the ex ante

control will presumably be much larger than the cost of verifying ex post only when

an accident actually occurred.30

Second, in our model we assumed that victims observe the behavior of the

injurer, and they condition their participation on the injurer’s level of precautions.

Therefore, if the injurer takes due care, he will not be considered negligent, and the

victim will never sue, so enforcement costs will be zero. Note that the fact that the

victim observes the behavior of the injurer does not mean that he can prove it in court

without costs. Indeed, there is a difference between observability and verifiability.

In our analysis, we essentially assume that observing the behavior of the injurer is

costless, while verifying it in court is costly.31

To summarize, we will consider that, although ex post inspection by a court has

a positive cost, the enforcement cost of negligence will be zero in the equilibrium

in which the injurer takes due care.
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3.2. The optimum with regulation alone

Before discussing the optimal use of regulation and negligence, let us analyze the

case in which regulation is the only instrument available. As shown above, given

that the cost of enforcement is minimized by setting the highest possible sanction,

the choice of the regulator reduces to the choice of the regulatory standard, and the

resulting enforcement cost is given by cxr .

Because under regulation victims are not compensated for the harm suffered,

they will participate when the expected benefit from participation is higher than the

expected harm (as stated by condition z = h(x)). Therefore social welfare, to be

maximized by the regulator choosing xr , is given by

W(xr) − xr − cxr . (15)

This expression for the objective function differs from the one we considered in the

case of negligence in section 2 for the last term cxr , representing the enforcement

cost. As we said above, c can be interpreted as the marginal cost of increasing the

regulatory standard. Observe that from the fact that x∗ maximizes W(x) − x follows

that W(x∗) − x∗ > W(x) − x for all x; hence, for all x > x∗, it must be

W(x∗) − x∗ − cx∗ > W(x) − x − cx. (16)

Therefore, the optimal regulatory standard, x∗r must be such that x∗r 6 x∗. Because

we assumed that theW(x) is differentiable around x∗, the inequality must be strict,32

that is, x∗r < x∗. In words, the regulatory standard is lower than the efficient level of
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x

c = 0.00

c = 0.25

c = 0.65x∗

x∗

W (x)− x− cx

Figure 2. Optimal level of regulation under different hypotheses about c
(simulation with h(x) = 40e−x and lnw ∼ N(1.25, 1.25))

In figure 2, using the same functional form and parameters’ values of the previous

section, we plot the curves W(x) − x − cx for different values of c. Note that

the optimal regulatory standard x∗r can correspond to a local maximum at a level

slightly lower than x∗, but it could also correspond to a global maximum at zero

when c is sufficiently large (in our example, this is the case with c = 0.65). The

highest (dashed) line represents the case of zero enforcement cost, whose maximum

corresponds to the social optimum x∗. For the convenience of the reader, we

summarize our conclusions in the following

Proposition 3. In a bilateral accident model (described above) the optimal regula-

tory standard x∗r falls short of the efficient level of care, that is, x∗r < x∗. 2
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3.3. The optimum with regulation and negligence

We now turn to the optimal joint use of negligence and regulation. From Proposi-

tion 2, we know that when regulation is used along with negligence, it is possible

to set a standard of negligence higher than x̄ (i.e. a standard such that Q(xn) is

non-empty). More specifically, in order to enforce a standard xn > x̄, negligence

must be supplemented by regulation with standard xr > β(xn). Considering that

regulation is costly, with the cost increasing in xr , the optimal solution will be to set

xr at its lowest level β(xn), and social welfare will be

W(xn) − xn − cβ(xn). (17)

From β(xn) < xn follows that (17) is higher than the social welfare when the same

standard xn is enforced using only regulation (which is given by equation (15) when

we set xr = xn). This means that, for any xn > x̄, a solution with regulation alone is

dominated by negligence supplemented by regulation.

We can summarize our results in the following

Proposition 4. Enforcing a level of care x > x̄ with negligence (with standard

xn = x) supplemented by regulation (with standard xr = β(x) < x), is less costly

and therefore more efficient than enforcing it with regulation alone (with standard

xr = x). 2

On the other hand, any level of care x 6 x̄ can be enforced by negligence alone,

with standard xn = x. The optimal standard x∗n, and therefore the optimal policy, is
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the level of xn maximizing


W(xn) − xn − cβ(xn) for xn > x̄, i.e. when Q(xn) is non-empty

W(xn) − xn for xn 6 x̄
(18)

Dependingwhether the optimal level x∗n is higher or lower than x̄, the optimal solution

will involve respectively the joint use of negligence and regulation or reliance on

negligence alone.

Of course, in either case socialwelfarewill be lower than in the case of negligence

with full compensation, i.e. it will be lower than W(x∗) − x∗. Moreover, it can be

easily proved that the standard of negligence x∗n will be lower than x∗. This is

trivially true if x∗n 6 x̄ < x∗; when instead x∗n > x̄, it follows from the fact that

W(x) − x is maximized at x∗ and from that β(x) is increasing in x that x∗n < x∗.33

We also observe that the lower is c, the more likely it is that the optimal solution

is x∗n > x̄. Indeed, we can prove that

Proposition 5. When Q(x∗) is non-empty, there exists a marginal cost c∗ > 0 of

enforcing the standard of regulation such that, for all c 6 c∗, the optimal solution

involves the joint use of negligence with standard x∗n and regulation with standard

β(x∗n) < x∗n. 2

Proof. Let x∗∗ be the level of care which maximizesW(x)− x for x 6 x̄; because of

the constraint, welfare is lower at x∗∗ than at x∗, hence there exists c∗ > 0 such that:

W(x∗∗)−x∗∗ = W(x∗)−x∗+c∗β(x∗). For any c 6 c∗, the functionW(x)−x−cβ(x) is

decreasing at x∗, because β is increasing; hence, such function admits a maximum34
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at x∗n < x∗ (xn is the maximum when the cost is c). For all x 6 x̄ we have:

W(x) − x − cβ(x) < W(x) − x 6

W(x∗∗) − x∗∗ = W(x∗) − x∗ − c∗β(x∗) <

W(x∗) − x∗ − cβ(x∗) < W(x∗n) − x∗n − cβ(x∗n). (19)

We see that x∗n maximizes (18) and that it must belong to the interval [x̄, x∗], i.e. it

implies the joint use of negligence and regulation. �

Proposition 5 indicates that the joint use of regulation and liabilitywill be optimal

when the cost of regulation c is not too high. It is interesting to check whether the

standard of negligence when negligence is jointly used with regulation is lower or

higher than the standard of regulation when the latter is used alone. In other words,

whether by utilizing negligence with regulation we achieve a higher level of care

then if we restrict ourselves to regulation alone (recall that the joint use of regulation

and liability implies that the negligence standard is necessarily higher than when

negligence is used alone). Unfortunately it is not possible to answer this question

in general: we expect that x∗n > x∗r if a marginal increase in x∗n is less costly than a

marginal increase in x∗r , and this will be the case when β′ < 1,35 but we cannot be

sure that the latter condition is always satisfied.

There are definitely cases where β(x∗n) < x∗r , meaning that the regulatory stan-

dard decreases once negligence is taken into account (this is the case of our sim-

ulation, see figure 2). However, the case of x∗n > x∗r involves the possibility that

β(x∗n) > x∗r . If this were the case, the (optimal) joint use of negligence and regulation

would bring about an increase in the regulatory standard as compared to the case of
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regulation alone. Thus, regulation and negligence will be complements also in the

sense that the latter makes the former more effective. The intuition behind this result

is that, with negligence, increasing the standard of regulation has a higher benefit in

inducing a higher level of care by the injurer because it contributes to increase the

standard of negligence as well.

4. Sequential vs. simultaneous interaction, and coordination

In presenting our model (see e.g. Proposition 1), we have specified that potential

victims observe the injurer’s level of care before deciding whether to participate in

the activity; in other words, we assumed a sequential game. This is a reasonable

assumption in many cases, especially when a single injurer faces several potential

victims. We have shown that, when the injurer moves first, like the leader in a

Stackelberg game, the optimal strategy may be to exert care at a very low level, so

that (a large number of) victims will respond by giving up the interaction with the

injurer.

However, this is not the only way to conceptualize the interaction between the

injurer and the victims. In an alternative setting, victims may be required to take

their decisions without knowing the level of care taken by the injurer. In this case,

the parties move simultaneously and their interaction is more complex, resulting in

a more intricate analysis.

The equilibrium with standard of negligence xn will be characterized by victims

choosing the optimal level of participation z = qh(x) for x < xn, and z = h(x) for
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x > xn, and by injurers minimizing, for given z,


N(z)h(x) + x x < xn

x x > xn.

(20)

In this case, assuming that the negligence standard is set at x∗, the efficient solution

will be a Nash equilibrium.36 However, when Q(x∗) is non-empty, the possibility

arises that other equilibria exist with x ∈ Q(x∗), i.e. such that (11) is satisfied. We

may have either an internal solution at the level x where the first order condition

from the minimization of (20) is satisfied, so that the equilibrium condition is:

N(qh(x))h′(x) + 1 = 0 (21)

or a corner solution at the minimum level of care x = 0, with N(qh(0))h′(0)+1 > 0.

At either equilibrium, the injurer finds it optimal to provide a sub-optimal level of

care rather than the level x∗. This will occur, for instance, when N(qh(0)) = 0, as in

this case the first order conditions are satisfied at x = 0 (corner solution), along with

condition (11). In this case, the inefficient equilibrium will be the same identified

for the sequential case.

Therefore, when the injurer and victims make their choices simultaneously,

liability can be inefficient in the weaker sense that it cannot uniquely guarantee

the efficient equilibrium.37 In other words, it cannot ruled out the risk that an

inefficient equilibrium where the injurer is negligent will be implemented. In

that case, regulation, as explained in section 3, can play the constructive role of

eliminating the inefficient equilibrium, and induce the efficient equilibrium as a
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unique solution. Because the role of regulation is to coordinate the players to the

efficient equilibrium, it stands to reason that once regulation fulfills its purpose, it

can be eliminated. This would be particularly desirable, if regulation itself is costly,

as assumed in section 3.

For completeness one can consider also the consequences of letting the victims

move first. In this case, regulation can be redundant, as efficiency can be reached

uniquely by liability alone. The reason is that victims, by choosing the optimal

level of participation, will motivate the injurer to take due care; there’s no incentive

for the injurer to take less than optimal care once victims have chosen a high level

of participation. Observe that victims will not have a strategic interest to engage

excessively in the activity, as long as the due care standard for the injurer is set

efficiently, namely, at x∗. The reason, of course, is that the moment the injurer takes

due care, he is not considered negligent, and therefore the residual expected harm

is born by the victims.38 Thus, there is asymmetry regarding the sequence of the

game, where the injurer as a leader strategically causes the victims to bear a larger

share of the costs of avoiding the accident, while the victims, due to the nature of

negligence, cannot do that in our settings.

However, both in the case of a simultaneous game and in the case victims move

first, a relevant aspect is whether victims can coordinate their behavior. Indeed,

if coordination is not possible and the expectation is that a large enough share of

the victims will choose not to participate, so that the injurer will not be motivated

to take care, it may be in the interest of most victims not to participate. As a

matter of fact, with one injurer and many victims, the injurer has some advantage

in piloting expectations, and can probably take actions to induce the inefficient
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equilibrium—e.g. by making clear to the victims that no care will be taken and

encourage them to take defensive measures. In this case, regulation can still play a

role in affecting victims’ expectations and help them coordinate to the equilibrium

where they (optimally) participate and the injurer takes care, ruling out the possibility

of the inefficient equilibrium.

5. Concluding remarks

In this paper, we have analyzed the control of harmful behavior through the joint

use of ex-ante regulation and ex-post liability in a bilateral accidents setting. We

have shown that, whenever the compensation of the victim is only partial, negligence

liability can be inefficient when used as the only instrument to correct the externality.

The reason for this is that injurers can strategically adopt a sub-optimal level of care,

in the anticipation that victims will refrain from participating in the risky activity

and thus avoid harm. Although in the law and economics textbooks it is clearly

stated that perfect compensation is a condition for negligence to be optimal,39 to

our knowledge the implication of relaxing that assumption have not been explored

before. We show that, when compensation is partial, a non-convexity in the injurer’s

expected cost function can result in an inefficient equilibrium.

In such circumstances, ex-ante regulation can play a constructive and comple-

mentary role in securing an efficient outcome. By increasing the care taken by

injurers, it reassures potential victims about the safety of the interaction with the

injurer, thereby increasing their participation level. As a result, the inefficient equi-

librium becomes unattractive for injurers, and the liability system kicks in, inducing

injurers to take (second-best) optimal care and victims to participate optimally in
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the risky interaction.

It is worthwhile clarifying the sense in which we describe regulation as a com-

plement to liability and vice versa. The term “complementarity” is being used

here in the conventional sense, such that the use of one instrument improves the

effectiveness of the other.40 Thus, on the one hand, the use of regulation makes

liability more effective in inducing injurers to take care; on the other hand, the use

of liability makes the limitations of regulation, namely its cost, less of a concern,

and in certain circumstances it may even justify a higher regulatory standard. An

example would be when the optimal standard of the regulation-only solution is zero.

This differentiates our account of the joint use of liability and regulation from many

others (with the notable exception of De Geest and Dari-Mattiacci, 2007), in which

regulation and liability are treated as substitutes, i.e. the use of one instrument

makes the other less necessary, or as independent instruments, i.e. each one deals

with a different problem.

Another way to understand why negligence is ineffective is to highlight the

inability of victims to coordinate and commit to engaging in the risky interaction

with the injurer. Indeed, if it were clear that the victims will participate, it would

be in the best interest of the injurer to exert due care, since in that case the cost of

care would be less than the expected damages from not taking care. In this regard,

regulation can be thought of as a credible coordination device to be used by victims,

as was demonstrated in the case of simultaneous interaction.

The analysis and results of this paper also make economic sense of the asym-

metry between the legal doctrines of negligence per se and the inconclusiveness

of a regulatory compliance defense. In our analysis, efficiency requires that the
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regulatory standard be set below the negligence standard and that both systems be

operative. Therefore, abiding by a regulatory standard should not prevent a finding

of negligence; and, at the same time, not abiding by a regulatory standard can indeed

be clear evidence of negligence.

Two final remarks regarding strict liability and care technology are in order.

First, we have focused on negligence rather than strict liability. This is partly

because negligence dominates strict liability when the victim’s compensation is full

and unconditional. This is because the former, but not the latter, encourages victims

to choose an optimal level of care or an optimal level of activity/participation.

Therefore, it seems less relevant to analyze a liability rule that is inefficient even

under ideal conditions. Indeed, as long as victims receive partial compensation,

they will have an incentive to participate excessively in the interaction with the

injurer and therefore, it will be impossible to induce both the injurers and the

victims to behave efficiently, even by supplementing strict liability with regulation

of the injurer. Nevertheless, our analysis is still relevant in the limiting case in

which victims receive absolutely no compensation at all. In such a case, strict

liability amounts to “double liability”, and its characteristics are similar, though

not identical, to those of negligence. For example, if the injurer moves first (as

in our main analysis), we expect to have the same (inefficient) equilibrium, and if

both parties move simultaneously, the efficient outcome is an equilibrium but not a

unique one. In these cases, regulation can play a constructive role in eliminating the

inefficient equilibrium and thus induce the efficient outcome.

Second, it is worthwhile emphasizing the assumption implicit in our analysis

regarding care taken by the injurer and the victims. In our setting, care by the
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injurer and participation by the victims are complements in determining the expected

harm. This is a natural assumption when the victim’s decision is whether or not to

participate in an activity. However, the analysis could be carried over to the case

in which victims decide how much care they take when engaging in an activity

that exposes them to the possibility of being harmed by the injurer. In this more

general case, the relation between the injurer’s care and the victim’s care can go in

either direction: they can be either complements or substitutes in how they affect

the expected harm. In this regard, increasing participation can be equated to taking

less care, so that the setting we have discussed in this paper corresponds to one of

substitutability between the levels of care chosen by the parties. It should be clear

from our analysis that the results do not apply in the case of complementarity. The

reason for this, in short, is that the injurer gains no benefit by strategically taking

less care, since this would merely induce the victims to take less rather than more

care.
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Notes

1On the contrary, Innes (2004) argues that, when accidents are assumed not to be freely observed

and detected, regulation can be more cost-effective than liability.
2Kolstad et al. (1990, p. 888) consider other cases as well. For example “[t]he potential in-

efficiencies of incompatible neighboring property uses—for example, a hospital located next to a

noisy, dusty cement-manufacturing plant—are minimized by zoning ordinances (a form of ex-ante

regulation) and by simultaneously exposing the externality generator to nuisance liability (a form of

ex-post regulation).” See also Schmitz (2000, p. 371).
3The hypotheses made in this model on the effect of uncertainty on the injurer’s incentive to

take care, hence on the benefit of the joint use of regulation and liability, are extensively discussed

by Burrows (1999). See also Trebilcock and Winter (1997). In addition, as observed by Schmitz

(2000, p. 372), Kolstad et al. do not explain why tort law should be used at all, since in their model

efficiency can be secured by regulation alone.
4Another contribution, by Hiriart, Martimort, and Pouyet (2004), builds on and extends the

analysis of Shavell (1984), allowing for ex-ante contracting between the injurer and the regulator,

and analyze how the injurer can be induced to reveal the information the regulator lacks. The regulator

sets the ex-ante first-best regulatory standard, while ex post liability only provides incentives to reveal

information.
5 Indeed, in his seminal 1960 article on The Problem of Social Cost, Ronald Coase greatly

emphasized the reciprocal nature of externalities, and how harm can be avoided by either party to

the interaction. For example, when analyzing the case Bryant v. Lefever C.P.D. 172 (1878–1879)

Coase states: “Who caused the smoke nuisance? The answer seems fairly clear. The smoke nuisance

was caused both by the man who built the wall and by the man who lit the fires. Given the fires,

there would have been no smoke nuisance without the wall; given the wall, there would have been

no smoke nuisance without the fires. Eliminate the wall or the fires and the smoke nuisance would

disappear”. With respect to the other cases analyzed, he says: “Judges have to decide on legal

liability but this should not confuse economists about the nature of the economic problem involved.

In the case of the cattle and the crops, it is true that there would be no crop damage without the cattle.
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It is equally true that there would be no crop damage without the crops. The doctor’s work would

not have been disturbed if the confectioner had not worked his machinery; but the machinery would

have disturbed no one if the doctor had not set up his consulting room in that particular place.”
6The literature on the problems associated with ex-post compensation is large. In a recent paper,

Porat and Tabbach (2011) suggested a mechanism of “reverse insurance” under which, in certain

cases, people under risk of death will be able to transform ex-post payments to ex-ante payments.
7Curiously, the damage caps laws all make exceptions for cases involving death and serious

bodily injuries, for example, loss of a limb or an organ system. These exception either permit a

higher damages cap or eliminate the cap altogether. Thus, in cases where ex-post compensation is

impossible there is no cap; while in cases where it is possible there is a cap. Therefore, in both cases

the victim is de-facto under-compensated.
8Consider the standard, one-third, contingency fee (Kritzer, 1998); Shavell (2004, p. 281)

estimates that “[I]n the United States the administrative costs of the liability system are large . . . for

every dollar received by a victim, a dollar or more is spent delivering the dollar to him.”
9This information is available under the title “Learn How Facilities Near You are Complying with

Environmental Laws” in the EPA website: https://echo.epa.gov.
10Similar processes occur in other places. For example, the HSE (Health and Safety Executive)

in England, issues leaflets “aimed at people who live or work near to a major hazard site” informing

them that the agency “has inspectors who specialize in enforcing the law at major hazards sites

through a system of inspections” and makes its conclusions available to the public.

See http://www.hse.gov.uk/comah/background/essentialinfo.pdf.
11Indeed, since De Geest and Dari-Mattiacci (2007) account of the joint use of regulation and

liability rests on the classical judgment proofness/disappearing defendant problems, they make clear

that their focus is on the puzzle of the negligence per se versus the regulatory compliance defense

doctrines.
12We implicitly assume that the benefit from participation for the injurer is such that it is never

desirable to shut down or relocate the plant. In other words, participation is not a choice variable for

the injurer.
13Second order conditions for maximization are verified if N ′(z) , 0 at z = h(x), as in this case
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the second order derivative is N ′′(z)(z − h(x)) + N ′(z) = N ′(z) < 0.
14In case the accident results in the death of the victim, it may be that the two quantities do not

coincide; as a consequence, people under risk of death may take a inefficiently high level of care

to avoid an accident. Note however that if there is a divergence between the social and the private

harm, even negligence with full compensation will be inefficient. By assuming that the social and

private harm from an accident do not diverge we largely disregard these possibilities. For a thorough

discussion of these issues, refer to Porat and Tabbach (2011).
15A setting compatible with this interpretation is that victims sue the injurer with probability less

than one. In this case, the answer may be to supplement damages with a fine or a public sanction,

so that the expected damages (plus sanction) paid by the injurer are larger and are aligned to the

expected cost h(x), while compensation to the victim is only a fraction of this amount.
16Formally, we can imagine that the victim has a state dependent utility function, one for “no

accident” and another for “accident”; and 1 − q is the ratio between the value of compensation in

the second and in the first case. Therefore, when the injurer pays damages equal to social harm,

the victim who receives the compensation in the state of the world where the accident took place

discounts them by 1 − q. This interpretation is consistent with Cook and Graham (1977), although

they assume that individuals are risk averse.
17Since x∗ is defined by condition (6) and N > 1, it is h′(x∗) + 1 < 0; from h′′ > 0 follows that

h′(x) + 1 < 0 for all x < x∗.
18Observe that when −qh(x)N ′(qh(x)) > N(qh(x)) the term in brackets is negative.
19Note that condition (11) will never be satisfied for q = 0 when xn 6 x∗ (i.e. with full compen-

sation of the harm), as in that case N = 1 and the condition reduces to h(x) + x > xn. We have

xn 6 x∗ < N(z∗)h(x∗) + x∗ 6 N(h(x))h(x) + x < h(x) + x for all x.
20On the one hand β(x ′n) belongs to Q(xn), hence β(x ′n) 6 β(xn); on the other, by continuity

it is N(qh(β(xn)))h(β(xn)) + β(xn) = xn > x ′n, hence β(xn) < Q(x ′n), from which follows that

β(x ′n) < β(xn).
21It can be proved, however, that β is a lower semi-continuous function, i.e. its value near x is

either close to β(x) or greater than β(x).
22Under the assumption of continuity of h and N , such a minimum (which might be x̂ = 0, the
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minimum level of care) always exists.
23It should be noted that this curve does not correspond to the relevant expected cost curve of the

injurer under a negligence rule with full compensation, as described by (7).
24Because we cannot be sure that W(x) − x is increasing in this interval, we don’t know in general

whether the optimal level is zero, x̄ or some intermediate level.
25That an increase in accident-contingent sanctions is not necessarily a solution is proved by

considering that in this case the expected cost (9) would become N(qh(x))th(x) + x where t > 1

is a multiplicative factor applied to the ordinary sanction. This would make the condition (11)

more stringent, but would not eliminate the possibility of the inefficient equilibrium: for example, if

N(qh(x)) = 0 for x = 0 goes to zero, the inequality is satisfied whatever the value of t.
26A further possibility, which we do not discuss in this paper, is compensating victims for the “loss

of enjoyment” in case the injurer did not take due care and victims refrained from participating in

the activity. Although such a rule can induce the efficient outcome, it involves compensating victims

even when there is no accident. This is not the way the tort system generally operates, and we are not

aware of such a rule in any legal system. In any case, this solution is beyond the scope of this paper.
27The reason, of course, is that from the perspective of the injurer, if the standard is not met,

taking care involves only costs and does not relieve the injurer from punishment; hence, there is no

point in taking any level of care larger than the minimum (zero). We are implicitly assuming that the

sanction does not depend on the magnitude of the deviation from the regulatory standard.
28A further reason why the cost of enforcement can be increasing in the standard is that a higher

level of care generally involves a larger number of (possibly different) actions and checks by the

injurer; this may imply that a higher standard requires that the marginal cost c is itself increasing in

the standard xr . We will disregard this possibility, which could however reinforce the conclusions

reached below on the relative benefits of regulation and negligence.
29Indeed, most of the standard, classical papers disregard such costs (see Shavell, 2007).
30Consider also the inspection of a plant: ex ante verification will be very complex and time

consuming, as it requires that inspectors check that all parts potentially subject to wear have been

replaced within the prescribed time in order to prevent a rupture; it is much simpler to check when

the part which broke was last replaced once a malfunction has materialized.
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31An alternative to this assumption is that inspections always takes place ex post (i.e. after an

accident occurred) to detect negligence and trigger victims’ legal actions. This corresponds to

the case extensively analyzed by Shavell (2013), where it is argued that even in this case ex post

monitoring is less costly than ex ante monitoring through regulation. The reason is that ex post

monitoring is conditional to a probability of accident which has been reduced by the precautions

taken by the injurer.
32From the fact thatW ′(x∗) = 1 follows that a marginal reduction of x below x∗ through regulation

reduces social welfare as represented by (15).
33From the fact that W(x∗) − x∗ > W(x) − x and from monotonicity of β follows that, for all

x > x∗,W(x∗)− x∗−cβ(x∗) > W(x)− x−cβ(x). On the other hand, because β is a strictly increasing

function of x and W ′(x∗) = 1, the function W(x) − x − cβ(x) must be increasing at x∗, so that x∗

cannot be a maximum.
34The existence of a maximum relies on the fact that the function is upper semi-continuous (see

footnote 21).
35The first order conditions for the maximization of social welfare are respectively W ′(x∗n) =

1 + cβ(x∗n) and W ′(x∗r ) = 1 + c.
36This is easily proved: when care is x∗, the optimal level of victims’ participation will be z∗ =

h(x∗); on the other hand, x∗ minimizes N(z∗)h(x)+ x, hence x∗ < N(z∗)h(x∗)+ x∗ < N(z∗)h(x)+ x

for all x < x∗: choosing x∗ is optimal for the injurer when participation is z∗.
37The multiplicity of equilibria in case of partial compensation of the victim in a different setting

(alternative care model) is extensively discussed by D’Antoni and Tabbach (2014).
38Thus, there is asymmetry regarding the sequence of the game, where the injurer as a leader

strategically causes the victims to bear a larger share of the costs of avoiding the accident, while the

victims, due to the nature of negligence, cannot do the same.
39See e.g. Cooter and Ulen (2008), where it is emphasized that negligence induce efficient care in

a bilateral setting only under the assumption of “perfect compensation”.
40The notion that two activities are complementary when doing more of one of them increases the

returns to doing more of the another is broader than the usual definition of complementarity among

inputs found in microeconomics textbooks, and is usually attributed to Edgeworth.
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