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Abstract

Sharing rules have a filtering effect on violations: they prevent the most harmful
violations and let the least harmful ones occur. We show under what conditions the
filtering effect improves social welfare and argue that this may explain why, in most
areas of the law, sharing rules are, in general, preferred to rules that entirely burden
one party. Our analysis applies to comparative negligence, communal liability, the
allocation of police investigation efforts, contract remedies for non-verifiable
breaches such as those that may occur in marriage and employment contracts, and
to the distribution of shares in partnerships.
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1. Introduction

Sharing rules are endorsed in law but distrusted in academia. One of the most troubling perplexities
— but not the sole — arises from comparative negligence in tort. Although this is the most common
liability rule across legal systems, the puzzle of its wide use is still to be resolved, and most
previous explanations have been rebuffed in a recent article.! Other rules that allow for implicit loss
sharing, such as no-fault divorce systems and the employment-at-will doctrine, are also fiercely
debated in the literature.”

In this article, we show that sharing rules have a filtering property that may advance social
welfare because they stop the most harmful violations while letting the least harmful occur.

To illustrate, suppose that an accident could have been avoided if either the victim or the
injurer had taken precaution. Ex post, the court cannot determine which party could have taken
precaution and only knows that the probability that injurers are avoiders is 60%, while it is 40% for
victims. Assume further that the harm is $100, and the avoider’s precaution may cost either $30 or
$70.

An all-or-nothing rule which fully targets the injurer (such as strict liability), maximizes the ex
ante probability of avoiding the accident, and in fact prevents 60% of the accidents (all those in
which the injurer is the avoider). If the court instead shares the loss among the parties (60% to the
injurer and 40% to the victim), then the avoider will prevent the accident when his precaution costs
less than his share in the harm ($30), and will let the accident occur when precaution costs more
($70). In this case, there are more accidents. In fact, the injurer will prevent the accident in only half
of the cases in which he is the avoider (60%/2) and the victim will do likewise (40%/2). Thus, only
50% (instead of 60%) of the accidents will be prevented.

Nevertheless, the net social cost is lower than before. In fact, if precaution costs are high ($70),
then the net social cost of letting an accident occur is low ($100-$70=$30). On the contrary, if
precaution costs are low ($30), the net social cost is high ($100-$30=$70). Under an all-or-nothing
rule, accidents take place without any selection and their expected net social cost is 60% times the
average net cost of an accident ($30+$70)/2, that is, the expected net social cost is equal to $30.

Quite the reverse, the accidents that take place under a sharing rule are only those that cost $70

! See Bar-Gill and Ben-Shahar (2003).

2 That no-fault divorce systems and employment-at-will contracts have an implicit loss-sharing function is explained in
section 5. Dnes’ (2000) review of the literature on marriage contracts is highly critical of no-fault divorce systems. The
original justification of the employment-at-will doctrine by Epstein (1984) has been criticized in several studies. See
Buechtemann and Walwei (1999).



to prevent and hence yield a net social cost of only $30. Since only 50% of the accidents occur,
sharing rules yield an expected net social cost equal to only $15. Thus, sharing yields a lower social
cost than the all-or-nothing approach.

This example illustrates the main two points that we will elaborate upon in the next sections.
First, the filtering effect of sharing rules generally improves social welfare, because focusing the
incentive on those violations that yield a higher social cost ultimately reduces the cost borne by
society. Second, this reduction in the social cost may be accompanied by an increase in the
probability of violations. In fact, as it is obvious, if the goal of law enforcement is to reduce the
number of violations, then incentives should be focused entirely on the party that is most likely to
violate the rule. As the example shows, however, this policy may reduce social welfare instead of
enhancing it.

The optimal sharing will be shown to depend on three variables: the type of accident context,
the information available to the judge, and the distribution of the parties’ costs of precaution.

In unilateral-care cases — that is, when only one party is able to avoid the accident at reasonable
costs — we show that there always exists some sharing that dominates all-or-nothing rules for any
distribution of the precaution costs. We also show that, if the distribution is symmetric, the optimal
share of a party is equal to that party’s probability of being the avoider. This rule is very easy to
apply since it requires no complex calculation and is valid for a broad class of distributions, which
include, among others, the plausibly very common cases of uniform distributions and random
distributions.

If the judge has no information on the distribution function, then it is plausible to attribute the
same probability to each cost, that is, to assume that the parties’ precaution costs are distributed
according to a uniform distribution® and hence that, as we have just noticed, the optimal sharing for
each party is equal to the probability of being the avoider. If this probability is also unknown, then
an equal sharing is evidently desirable.

In alternative-care cases — that is, when both parties can avoid the accident at reasonable costs
but, again, one party’s precaution is sufficient to prevent it — sharing is affected by a free-riding
problem, as the parties tend to externalize the cost of precaution on each other. We show under what
conditions this problem disappears and sharing is still superior to all-or-nothing rules. Also in this
case, we devote particular attention to the uniform-distribution case and in general to symmetric
distributions and show that equal sharing has some advantages both in terms of social welfare and
its easiness to apply.

In a nutshell, we argue that if courts know the distribution of the parties’ precaution costs, an

3 On this point see Savage (1954) and Mas-Colell, Whinston, and Green (1995, pp. 205 ff.).



optimal sharing can be found that is better for social welfare than all-or-nothing rules. If courts do
not know the distribution, then sharing according to the probability of guilt is optimal. If this bit of
information is also missing, sharing equally is optimal.

This article is structured as follows. Section 2 provides an overview of the intellectual taste and
distaste for sharing in the economic literature. Section 3 develops the first part of our formal
analysis, presenting the model of unilateral care. Section 4 contains the model of alternative care.

Section 5 discusses several applications of our analysis and concludes.

2. The (dis)taste for sharing

While sharing rules are largely used in different areas of law, the economic literature has mainly®
focused on the relatively recent rise of comparative negligence in tort.” The efficiency reasons for
such a rise are, however, intensely debated. The opinion of early writers about the efficiency of
comparative negligence was largely negative.® Later scholarship proved a now generally accepted
efficiency-equivalence theorem, which states that all negligence rules provide, in principle,
equivalent incentives to take optimal care.’” Comparative negligence, however, is believed to
generate higher administrative costs than its all-or-nothing alternatives® and, thus, its pervasive
diffusion is puzzling.

The efficiency equivalence theorem is based on a number of assumptions, including that courts
operate under perfect information and that due care is set at the optimal level. Therefore, many
authors have tried to develop economic arguments for comparative negligence by relaxing some of
these assumptions. When there is evidentiary uncertainty,’ parties might take an inefficient level of
precaution in order to minimize their expected liability. It has been argued that comparative

negligence, by distributing the loss between the parties, reduces the effect of errors and results in

* For a discussion of the literature on (implicit) sharing rules in other areas of tort law, law enforcement, and in marriage
law and employment regulation we refer to section 5.

> See Curran (1992), Restatement (Third) of Torts: Products Liability sec. 17 (1998), and Restatement (Third) of Torts:
Apportionment of Liability (1999) for a perspective on American law.

% See Brown (1973), Green, (1976, p. 558), and Diamond (1974a, pp. 140-145). Those studies, however, did not consider
that the sharing of the loss under comparative negligence is connected with the implementation of a standard of care, and
thus, the loss is shared only if both parties are found negligent. On the first formal approaches to tort liability see also
Diamond (1974b) and Diamond and Mirrlees (1975).

7 According to the efficiency-equivalence theorem, all negligence rules (simple negligence, contributory negligence and
comparative negligence) lead to optimal incentives if the due level of precaution is correctly defined. Landes and Posner
(1980) proved this result. See also Haddock and Curran (1985). For a survey see Schifer and Schonenberger (2000, pp.
608-610).

8 Low and Smith (1995) contend that comparative negligence gives more incentives to sue and to hire attorneys than all-
or-nothing rules. White’s (1989) empirical study suggests that comparative negligence gives parties weaker incentives to
take precaution than contributory negligence.

0 Evidentiary uncertainty occurs when the courts make random errors in comparing the due level of precaution to the level
of precaution actually taken by the parties or when judges err with respect to the precaution costs actually borne by the
parties. See Cooter and Ulen (1986) for the former situation and Haddock and Curran (1985) for the latter.



less distortion.'® Comparative negligence has also been defended when the due level of precaution
is uniform for all parties but the individual costs of precaution differ'’ and when parties make
precaution decisions sequentially.'? In these cases, comparative negligence has been said to have a
screening effect on the parties. A recent survey article casts serious doubts on the validity of any
previous case for comparative negligence. In particular, it is shown that distributing the loss
between the parties does not always improve social welfare under evidentiary uncertainty and that
simple and contributory negligence may also have screening properties."”” Consequently, the case
for or against comparative negligence is once again reopened.

Our analysis belongs to the set of contributions that attempt to provide a justification for
comparative negligence on the basis of informational shortfalls of the judicial system, but it is
different from previous contributions in several respects. Previous studies deal with situations in
which both parties need to take precaution in order for the accident to be avoided.'* Instead, we
focus on situations in which one party’s precaution is sufficient to prevent the accident. The rule we
study is not, therefore, the traditional form of comparative negligence under which the loss is shared
between negligent parties. In fact, since only one party needs to take precaution, it can never occur
that both are negligent. Instead, sharing takes place in our framework when it is not possible to

single out the only negligent party."

1 Edlin (1994) argued instead that in these situations comparative and contributory negligence only differ with respect to
the standard of negligence that is to be implemented for an efficient outcome to result. Shavell (1987) showed that
comparative negligence could be superior in non-equilibrium situations, when (for some reasons) victims or injurers are
found negligent. See also Orr (1991) and Chung’s (1993) related comment.

' See Rubinfeld (1987). See also the analysis on accidents when parties are not identical by Emons (1990a and 1990b)
and Emons and Sobel (1991).

2 1n this case, one party can observe the other party’s level of precaution before choosing his. See Rea (1987) and Grady
(1990).

13 Bar-Gill and Ben-Shahar (2003) have reexamined the literature on the topic, though they did not touch upon all studies
mentioned in this section. They first analyze contributions based on evidentiary uncertainty. The common tenet of these
contributions is that all-or-nothing rules severely distort one party’s precaution decision, while comparative negligence
creates two smaller distortions for both parties. These arguments are shown to be grounded on the wrong belief that two
small distortions have less consequences on social welfare than one greater distortion. The authors disprove this
contention by showing that the comparative negligence rule does not generally induce the most symmetric distortions and
that, in any case, two small distortions are not necessarily preferable to a single greater one in terms of resulting social
welfare. Further, they examine arguments based on the contention that comparative negligence works as a screening
mechanism when parties’ different costs of care are undistinguishable by the courts. In this case, the counterargument is
that all liability rules have screening properties, which may or may not enhance social welfare. Thus, screening does not
provide a general case for comparative negligence

' Bar-Gill and Ben-Shahar (2003, p. 438) limit their analysis to bilateral precaution situations. In our framework, the case
of joint care would be uninteresting as it is obvious that under all-or-nothing rules all accidents would occur, while
sharing rules would at least prevent some of them.

15 Although the filtering effect may be seen as a form of screening mechanism, it does not operate through the setting of a
negligence standard but purely through the sharing of the accident loss. For this reason, filtering is only proper of sharing
rules and is absent in all-or-nothing rules. Thus, the claim that all negligence-based liability rules have screening
properties (as they all apply a standard of due care) cannot be extended to filtering. Filtering occurs in situations that are
close to evidentiary uncertainty. However, in all cases belonging to this group, the standard of care is erroneously applied
with some positive probability. In our framework, there is no standard to apply and the judge is completely blind with
respect to identifying the avoider.



3. The model of unilateral care

We consider a simple model with two risk-neutral, utility-maximizing parties who are strangers to
each other. Only one of them may take precaution at a reasonable cost (a cost that is less than or
equal to the harm) in order to prevent'® the accident:'” we call this party the avoider."® The other
party is passive.'’ The avoider may be of various types, depending on his precaution cost. Ex post,
it is not possible to determine which party was the avoider, but the probability that either party is
the avoider is known. A legal rule determines ex ante the shares of each party in the harm. Let:
h = the harm, & > 0;
¢ = the avoider type (that is, the avoider’s cost of precaution), 0 < ¢ < k; ¢ is distributed
according to a density function f{c) and a cumulative distribution F(c); with f{c)
continuously differentiable over 0 < ¢ < A, positive over the same interval and zero
elsewhere, F(0) =0 and F(h)=1;
7 = the probability that party 1 is the avoider, 0 < 7 < 1;

o = party 1’s share in the harm, 0 < o< 1.

Let a sharing rule be a rule that implements 0 < o< 1, and let an all-or-nothing rule be a rule that
implements o= 0 or o= 1. The avoider knows the legal rule before he decides whether to take
precaution. The net social cost function § is defined as the difference between the harm and the
avoider’s cost of precaution if no precaution is taken (and an accident occurs). S is zero otherwise.”
Avoiders will take precaution if the cost of precaution is less than or equal to their share in the

harm. Therefore, the ex ante net social cost resulting from a rule that shares the harm ex post

1S Our model is based on a binary decision on whether or not to take precaution, and it is, in this respect, similar to the
standard models used for law enforcement. In tort law and economics, instead, models usually (but not always) describe
precaution as a continuous variable. Thus, our model directly applies to those cases in which precaution involves a binary
decision and only approximates those in which there are multiple levels of precaution to be taken into account. Examples
of the former types of situations are not driving through a red light, yielding for pedestrians, adopting a new pollution-
control technology in a chemical plant, installing a navigation devise on a boat, and so forth.

17 We are assuming that, if precaution is taken, no accident occurs and that, conversely, if no precaution is taken an
accident occurs. Considering accidents that only occur with a certain probability less than 1 if no precaution is taken or
accidents that occur with a certain positive probability even if precaution is taken would not change the substance of our
arguments or the results of our model given that the choice of whether or not to take precaution is assumed to be binary
and parties are assumed to be risk neutral.

'8 Note that the avoider is not necessarily the injurer. The problem courts face in the case under examination is indeed the
identification of the avoider between the victim and the injurer. Note also that our model is not restricted to unilateral-risk
cases, in which only the victim suffers harm. Quite the opposite, the model allows for both parties to be affected by the
accident. We consider the total loss arising from the accident and ask who should bear it, irrespective of where the loss
originally fell.

1 In our model we do not consider possible distortions in the levels of the parties’ activities due to the fact that the party
who is ‘innocent’ is sometimes sanctioned.

20 Note that this formulation is equivalent to saying that the social cost is equal to either the harm or the precaution cost,
given that if precaution is taken there is no harm. The net social cost is simply the difference between the social cost so
calculated and the ideal case in which precaution is taken in each individual case. We adopt the latter perspective for



according to o can be calculated as the weighed sum of the net costs of each parties’ non-prevented

accidents:

(1) S(o)= ;rj f)h-c)de+(1-x) j f)(h-c)de
oh

(I-0)h
Likewise, the expected probability of an accident actually occurring is:
@  Po)=a[l-Flon)]+(1-z)i-F(1-o)n)

Figure 1 depicts the avoider type on the vertical axis and its cumulative distribution on the
horizontal axis. The social cost is the sum of the two shaded areas weighed by the probabilities 7z
and 1-7. The probability of an accident is instead the sum of the projections of these areas on the

horizontal axis weighed by the same probabilities.

Observation 1. Sharing rules always filter out the relatively most harmful accidents; all-or-nothing

rules do not have such a filtering effect.

The relative harmfulness of accidents is given by their net social cost. In our model, the harm is
constant;”' hence, accidents with a lower cost of precaution are the relatively most harmful ones. If
o= 0, party 2 is always incentivized, while party 1 will never take precaution. Hence the social cost

under such an all-or-nothing rule is:
h

(3)  S(O)=rx j F(©)(h=c)de
0

The argument we are making holds symmetrically for o=1. By looking at the lower and the upper
boundary of the integral in Exp. (3) — which is calculated on the interval from 0 to / — it is easy to
see that in this case a fraction 7 of the accidents occur, irrespective of their harmfulness. In contrast,
under the sharing rule in Exp. (1), the most harmful accidents are prevented — precisely those whose
cost of precaution is less than the party’s share in the harm — since the integrals are calculated on the
interval from of and (1-0)A, respectively, to 4. m

The same observation can be made by looking at figure 1 and noticing that the most harmful
accidents are those to the left of the figure, for which the cost of precaution is relatively low if

compared to the harm.

convenience.
2 Changing this assumption would not, however, impair the results we derive.



[figure 1]

The filtering effect due to sharing enhances social welfare, as it reduces the cost borne in the
aggregate by society. Therefore, as the next proposition shows, sharing rules are superior to all-or-

nothing rules.

Proposition 1. In unilateral-care cases, there always exists some sharing that yields a lower social

loss than all-or-nothing rules.

Proof. The first derivative of Exp. (1) yields:
@ S'©@=-7(@m-ch® +(-7)f(1-o)noh®

The interpretation of Exp. (4) is straightforward: an increase in o improves the incentives for party
1 to take precaution, and, thus, the social cost decreases (the first term is negative). At the same
time, the incentives of party 2 are reduced, and, hence, the social cost rises (the second term is
positive). Thus, changes in o generate contrasting effects on the social cost. Evaluating Exp. (4) at

o0=0 and at o=1, we have, respectively:

) §'(0) = —nf (0)h* <0
S'(1)=(1-7)f(0)h* >0

From Exp. (5) it is evident that the social cost decreases if o deviates from 0 or 1 towards internal
values. Thus, sharing rules must yield a lower social cost than all-or-nothing rules. m

To illustrate the logic of this result, if we move from o= 0 to some internal value of o, party 1
will take more precaution, while party 2 will reduce his. Thus, party 1 will prevent some accidents
that he would not have prevented at o= 0, and, to the contrary, party 2 will let some accidents occur
that he would have prevented at o= 0. The accidents that party 1 now prevents are more harmful
than those that party 2 lets occur, as their cost of precaution is very small (say $1) if compared to
the harm ($100), and namely below o (we are considering a o close to zero). Correspondingly, the
cost of avoiding the accidents that party 2 lets occur is relatively very high (say $99) and namely
above (1-0)h. Therefore, there is a social gain in trading off the former (more harmful) for the latter
(less harmful) accidents. The same symmetrically applies to a reduction of o from o=1 towards
internal values.

This result proves that there is always the possibility to improve social welfare by switching
from an all-or-nothing rule to some sharing of the accident loss. In principle, this is a rewarding

choice because the accidents we let occur by switching rules has a lower net social cost than those



we prevent, even if the probabilities for the two types of accidents are different; by finely tuning the
share, it is always possible to capture this benefit.

The value of the optimal sharing is easy to determine for symmetric distributions — that is, in
situations in which the cost of precaution is distributed symmetrically around its mean. In this case,
the social cost is minimized by a sharing equal to the probability of being the avoider. For example,
if the probabilities of being the avoider are 2/3 for the injurer and 1/3 for the victim, the optimal
sharing requires that the injurer pays 2/3 of the harm and the victim bears the remaining 1/3.

Two compelling examples of symmetric distributions are the uniform distribution, which we
will study in the next section, and the bell-shaped normal distribution. These cases are likely to play
an important role in reality. The uniform distribution, as we will argue, may be used to describe
situations is which there is a lack of information concerning the actual shape of the distribution
function. The normal distribution describes cases in which the cost of precaution is randomly

distributed.

Proposition 2. In unilateral-care cases, if the distribution of avoider types is symmetric, the optimal
sharing rule is the one that shares the harm between the parties according to the probability of

each party being the avoider, o= 7

Proof. Since the distribution is symmetric, we have f{oh) = f{([1-o]h). Substituting the latter
equivalence into Exp. (4) and rearranging, we can calculate the following first order condition for

an optimal sharing o*:

6 S'(0)=f(oh*(c—7)=0

which is clearly satisfied at o* = 7z The second order condition yields:
(1) S"(0)=["(oh*(o—7z)+ f(oh)h® >0

The first addendum is zero at the optimum and the other terms are all positive. Therefore, Exp. (7)
is satisfied at the stationary point, and, hence, o* is a local minimum. Since o* is the unique
solution to (6) and the functions we employ are differentiable, we can infer that o* is also a global

minimum. m

3.1  The uniform-distribution case

When the avoider’s costs of precautions are uniformly distributed, each type ¢ occurs with the same
probability. The uniform distribution is a special case of the more general set of symmetric

distributions that we have studied in the previous section. Therefore, the optimal sharing of a party



is also equal to that party’s probability of being the avoider in this case. When the avoider types are
distributed uniformly, we have f(c¢) = 1/h and F(c) = ¢/h. By making some simple substitutions into

Exp. (1), we can write the social cost as follows:

2 2
®) S(G)Zﬂw-i-(l—ﬂ')o-zh or S(a)zg(a2 —27ra+7r)

In this case, the precaution cost function depicted in figure 1 takes the form of a linear function with
slope equal to /; thus, the social cost may also be graphically seen as the weighed sum of the areas
of two triangles of basis o and (1-o) and height o and (1-0)A, respectively — as it is clear from the
first Exp. in (8).

It is redundant to verify that, as a result of proposition 2, if the distribution of the avoider types
is uniform, the socially optimal rule is the one that shares the harm between the parties according to
the probability of each party being the avoider, o* = 7. It can be easily shown that this value of o
uniquely minimizes Exp. (8), which is strictly convex. Now, let us derive some additional

corollaries.

Corollary 2.a. In unilateral-care cases, if the distribution of the avoider types is uniform, the
difference between the social loss due the optimal sharing and the social loss due the optimal
all-or-nothing rule increases when 7 approaches 1/2; at 7 = 1/2 the social loss due to the

optimal sharing rule is half the social loss due to the optimal all-or-nothing rule.

Proof. The optimal all-or-nothing rule makes the party with the highest probability bear the harm;*
hence, the probability that an accident occurs is given by min{z, 1-7z}. Let us assume that 7< 1-7,
i.e. let us assume 7 < 1/2 (if the opposite case obtains, we simply re-label the probabilities). The
social loss under the optimal all-or-nothing rule is hence equal to S(0)= zh/2. By substituting o = 7
into Exp. (8) and rearranging we obtain that the social loss due to the optimal sharing rule is equal
to S(7) = 7h/2—7*h/2. The difference between the S(0) and S(7) is 7°h/2, which increases in 7 at an
increasing rate (equal to 7#) and is maximal when 7= 1/2. At this level of z, S(0) = 4/4, while S(7)

=h/8. m

Corollary 2.b. In unilateral-care cases, any sharing rule 0 < o < 1 yields a lower social cost than
any all-or-nothing rule if the distribution of the avoider types is uniform and if parties have

equal probabilities of being the avoider (7= 1/2).

2 1t is evident that the social cost is lower if the party that takes precaution is the one with the higher probability of being
the avoider, given that the type distribution is the same for both parties. Consider Exp. (1) when o=1 or c=0.



Proof. Since the social cost is a convex function of ¢ it is at its maximum when o equals either 1 or
0. By substituting 7= 1/2 into Exp. (8) we can calculate the social loss for the two all-or-nothing
rules, S(0) = S(1) = h/4. Since o= 0 and o =1 yield the same (maximum) social cost, any other

sharing is preferable. It is evident that the same does not hold if 7is not equal to 1/2. m

Corollary 2.c. In unilateral-care cases, if the distribution of the avoider types is uniform, the
optimal sharing rule o* = ryields (if 7= 1/2) the same number of accidents as or (if 7= 1/2) a

higher number than the optimal all-or-nothing rule.

Proof. By substituting F(o#) = oh/h = oand o= z into Exp. (2), we obtain that the probability of
an accident under the optimal sharing rule is P(7) = 22(1-7). Assuming as above that 7 < 1/2 (and
re-labeling, otherwise), under the optimal all-or-nothing rule the probability that an accident occurs
is 7. It is easy to show that P(7) = 27a(1-x) = 1/2 if 7= 1/2 and that P(7) =27a(1-7) > 1/2 if 7 < 1/2.

[figure 2] — [figure 3]

Our results suggest that, for uniform distributions, the sanction should be apportioned among
potential violators according to the probability of guilt. The social-loss saving due to the filtering
effect may be very relevant, and it depends on the probability of the parties being the avoider. When
parties are equally likely to be the avoider (the probability is 1/2 for each of them), the filtering
effect saves half of the social loss that would occur under an all-or-nothing rule. The magnitude of
this advantage tends to decrease (although it remains positive) when the parties’ probabilities
diverge from each other, as sharing tends to cause increasingly more accidents compared to all-or-
nothing rules.

Another important characteristic of the case in which the probability of being the avoider is 1/2
for each party is that any sharing is preferable to an all-or-nothing rule although the optimal sharing
in this case is 1/2 as we have remarked. This means that even if the sharing rule cannot be applied
with perfect accuracy, errors in the setting or the calculation of the shares do not undermine the
superiority of such a rule over all-or-nothing rules.

Concerning the number of accidents or, more in general, of violations, sharing rules tend to
perform as well as all-or-nothing rules only if the probability of being the avoider is 1/2 for each
party. In all other cases, sharing yields more violations. It does not seem obvious that an increase in

the number of accidents may improve social welfare, but it is worth remarking that even though



more accidents occur, they are the less harmful ones since the most harmful ones are filtered out.
This point may be exploited to emphasize a potential conflict between the goal of maximizing the
probability of apprehending the guilty — which suggests that the party with the higher probability
should be sanctioned — and the goal of maximizing social welfare — which requires that the sanction

should be shared.”

4. The model of alternative care

In the previous section, we analyzed a model in which only one party can avoid the accident at a
reasonable cost (a cost less than the harm). However, in reality, it is often the case that both parties
can take precaution at a reasonable (though not the same) cost and that one party’s precaution is
sufficient to prevent the accident. In the literature, this situation is referred to as alternative care.

Let us consider the case in which both parties can take precaution, which can have a cost that
varies from 0 to g. The value of g amounts to a limit to the range of the parties’ types, and it can be
equal to or higher than the harm. The point we will make in this section is that if the parties’ costs
of precautions range sufficiently beyond the harm, then the filtering effect also improves social
welfare in alternative-care cases. The reason is that sharing in alternative-care cases filters out both
the most harmful accidents and the highest precaution costs (thus, accidents are prevented at a lower
average cost), but it may create conditions under which no party takes precaution. It is also
vulnerable to reciprocal free riding by the parties, who attempt to externalize precaution costs on
each other. We will show that the advantages of sharing augment and its shortcomings weaken
when the range g of the parties’ costs of precaution expands beyond the harm — that is, when some
avoiders have a cost of precaution significantly higher than the harm.

In addition to our previous notation, let:**

g = upper limit for the range of the parties’ types, with g;>handi= 1, 2;

¢ = eachparty’s type, 0 < ¢ < g; c is distributed according to a density function fi(c) and a
cumulative distribution Fi(c), with F;(0)=0, Fi(g;,)=0 (note that F;(h)=0 only if & = g;),
andi=1, 2.

It is convenient to calculate the net social cost as the sum of the costs of precautions taken by the

2 A related point concerns transaction costs. An increase in the number of accidents may increase the cost of applying a
sharing rule over the cost of implementing an all-or-nothing rule. Comparative negligence in tort has long been said to be
more expensive to administer than its all-or-nothing alternative, such as simple or contributory negligence. Our analysis
suggests that comparative negligence may yield higher administrative costs due to more cases to adjudicate rather than (or
in addition to) a higher cost per case.

2* Clearly, there is no need to define the probability of being the avoider since both parties are in fact avoiders. Implicitly,
the parties’ probabilities of being the avoider depend upon the distributions of their types.



parties and the accident costs minus the minimum between the parties’ cost and the harm (the ideal

situation);* since the latter does not depend on the share o, it can be treated as a constant K.*®

O S(ener)=[efi@de+ [efy(@de+[1-Fie)]i- Fyep) -k
0 0
The values ¢; and ¢, are the maximum costs that parties take given the legal rule. The probability

that an accident occurs in alternative-care cases is given by the following expression.
(10)  P(ej.e))=[1=F ()]l - Fy(ey)]

Parties’ precaution decisions in alternative care not only depend upon their share in the harm but
also upon their expectations concerning each other’s behavior. To illustrate, if the share of party 1 is
oh, party 1 will actually bear this cost only if the other party does not take precaution and the
accident occurs. If parties act simultaneously, as we assume, then their maximal precaution costs

may be calculated as follows:

G =[I_Fz(cz)]5h
11
(i {cz =[1-F(c)Ji-o

Exp. (11) shows the maximal costs that parties are willing to bear to prevent the accident. This
maximal cost is equal to the expected cost of not taking precaution, which, in turn, is equal to the
probability that the other party will not take precaution (otherwise there is no harm), times the
party’s share, times the harm. Thus, parties only take precaution if their cost of precaution is less
than this value. As in the unilateral-care case, the filtering effect does, under a sufficient condition,

enhance social welfare. Details concerning the following proofs are given in the appendix.

Proposition 3. In alternative-care cases, if g; > /, there exists some sharing that yields a lower

social loss than all-or-nothing rules.

Proof. Calculating the total derivative of Exp. (9) with respect to o and evaluating it at c= 0 and at

o= 1, we have, respectively:

% In the ideal case if at least one party’s cost is below the harm, precaution is only taken by the least-cost avoider, and no
harm occurs. Otherwise, precaution is not taken and the harm materializes.

%6 The first integral in Exp. (9) may be interpreted as the average cost of precaution for party 1 times the probability that
party 1 takes precaution. The average cost of precaution is to be calculated as the integral divided by F(c;), because
precaution only ranges from 0 to ¢;. The probability that party 1 takes precaution is also equal to F(c;). Therefore, we can
simplify and only consider the integral. The same applies to party 2. The third term is the expected cost of the accidents
that actually occur when no party takes precaution.



{S'(O)=—ﬁ(0)[l—Fz(h)]2h2<0
(12) o
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Since the social cost decreases when o departs from 0 or 1 toward internal values, there exists some
sharing which yields a lower social cost than the all-or-nothing rules. It is to be noticed that if g;= 4,
then F(h) = 1, and, hence, both expressions equal zero. In this case, the social cost does not change
by switching rules. m

The intuition behind this result is as follows. When g; and g, range beyond 4, there will be
cases in which at least one party’s cost of precaution is higher than the harm. On the one hand, the
incentives to free ride diminish as a party may rely less often on the other party’s precaution. On the
other hand, those cases are in fact of unilateral-care type, in relation to which the superiority of
sharing has already been proven.

The optimal sharing will depend on the specific characteristics of the parties’ types
distributions. Nevertheless, it is possible to show that, under certain conditions, equal sharing may

be preferable to all-or-nothing rules, although this is not necessarily the optimal sharing.

Proposition 4. In alternative-care cases, if the parties’ types are distributed according to the same
distribution function, there exists some level of g above which equal sharing yields a lower

social cost than all-or-nothing rules.

Proof. If fi(c) = f2(c) = flc), and if g; = g, = g, then we can evaluate Exp. (9) at c=0, o=1, and o=

1/2, respectively, as follows:

S(0)=S(1) = j of (c)de +[1 - F()]h

(13) .
Sy=2 j cf (e)de +[1- F(cMPh
0

with ¢ = [1-F(c")]h/2 < h/2. The relative performance of the different rules may be expressed as

follows:
h ch

(14)  S(0)-S() = [ef(e)de =2 f (c)de + {1-F)-[1- FeM)]
0 0

It is easy to show that the first term is surely larger than the second because ¢ < /2. The third term
is negative when g = & (because F(g) = 0) but approaches 0 as / decreases below g (because both 1—
F(h) and 1-F(c") move toward 1). Therefore, there exists some g sufficiently larger than / such that

Exp. (14) is positive, and, hence, the social cost is lower with o = 1/2 than under all-or-nothing



rules. m

This result may be interpreted in the light of our previous results concerning symmetric
distributions in the unilateral-care case. In a way, the symmetry here is given by the fact that the
parties’ distributions are the same, and, as for symmetrical distributions, we are advocating a
sharing equal to the probability of being the avoider. In fact, having equal distributions also means
having equal parties’ probabilities of being the avoider. Equal sharing, however, only becomes
viable when the range of the cost of precaution becomes sufficiently large, for the same reasons

given above.

4.1  The uniform-distribution case

In this section, we study in more detail the simpler case in which parties’ types are distributed
according to the same uniform distribution function. Therefore, we have fi(c) = fa(c) = fic) = 1/h,
Fi(c)=Fy(c)=F(c) = c/h, and g; = g, = g. Substituting into Exp. (9) and Exp. (11), and rearranging,

we can write the social cost as a function of the sharing, as follows:

Sh(2g - h) gh’o(1-o0)
(15  S(@)=—= - -
e —ol-om] & —oli-oh

As enunciated in Proposition 3, if g > A, the social cost is minimized by some internal values of o.
Proposition 4, instead, implies that equal sharing, even though it may not be the optimal sharing,
still yields a lower social cost than all-or-nothing rules if g is sufficiently larger than 4. Moreover,
since the probability that an accident occurs is given by the product between the probabilities that
each party does not take precaution, these probabilities will be equal when the loss is equally
shared, and, hence, their product will be at the maximal level. If, on the contrary, the loss is
concentrated on one party, at least that party will take precaution whenever his cost is less than the
harm, and, thus, there will be fewer accidents. The following corollaries (proved in the appendix)

refine these claims.

Corollary 3.a In alternative-care cases, if the parties’ types are distributed according to the same
uniform distribution function, for 2 < g < 34/2, the socially optimal shares are some values o,
< 1/2 and o > 1/2 (or, indifferently, o, > 1/2 and o, < 1/2), subject to o, o, = 1; o= 1/2 is

instead a local maximum. As g moves toward 34/2, the optimal shares move toward 1/2.

Corollary 3.b In alternative-care cases, if the parties’ types are distributed according to the same

uniform distribution function, for g > 34/2, then o = 1/2 is the optimal sharing rule.



Corollary 4.a In alternative-care cases, if the parties’ types are distributed according to the same
uniform distribution function, for g > h(1+3%)/2, then o = 1/2 yields a lower social loss than

all-or-nothing rules.

The corollaries show that sharing rules are superior to all-or-nothing rules for any g > h. As g
becomes even larger than 4, the optimal sharing rule changes. Initially, it is optimal to share the loss
unequally among the parties. As the difference between g and % increases, equal sharing, although it
is not yet the optimal sharing, is still preferable to all-or-nothing rules; figure 4 depicts this case in
which the social cost function is w-shaped. When g is above a certain threshold, equal sharing is the

optimal sharing. In this case, the social cost function assumes a u-shaped convex form.

[figure 4]

Corollary 4.b In alternative-care cases, if the parties’ types are distributed according to the same

uniform distribution function, then equal sharing yields the highest probability of accidents.

Proof. For uniform distributions, Exp. (10) may be rewritten as follows:

(16) P(cl,cz):[ _c_l}{l_c_z}
g g

This expression is maximized when c; = ¢,, and it is at its minimal level when one of them is equal
toh. m

As we have already remarked for the unilateral-care case, there might be a potential conflict
between reducing the probability of accidents and minimizing their social cost. Equal sharing tends
to yield many more accidents than all-or-nothing rules even in those cases in which it minimizes the

social cost.

5. Conclusions and applications

What should courts decide when they do not know which of the parties should have done more to
prevent an accident or the failure of a contractual relationship? We have argued that sharing rules
have an important advantage over all-or-nothing rules: they filter out the losses that were relatively
less expensive to prevent. Since the most notorious sharing rule is comparative negligence, the
prose of our model refers to an accident context. Yet, the filtering effect of sharing is a more general
principle, which applies to a vast array of seemingly different areas of the law ranging from tort and

contract to law enforcement.



In a broad sense, this article discusses the general enforcement problem of how to allocate
incentives when the group of potential violators and their probabilities of guilt are known, but it is
not possible to identify the actual violator ex post. In an accident context, the problem is to identify
the avoider between the injurer and the victim when their costs of precaution are unverifiable. In
divorce cases, this means singling out which of the partners could have saved the relationship. In
employment cases, the problem may be one of finding who is responsible for the lack of co-
operation between the employer and his employee. In communal liability cases, there may be an
unidentifiable member of a tribe who has caused harm to a neighboring tribe. In law enforcement,
the issue may be related to the allocation of investigation effort between two criminal groups.

If our analysis applies to a case, the next question is what guidelines it could provide for the
courts. It is instructive to make a distinction between different typologies of accidents (or, in
general, violations). Pure unilateral-care cases are those cases in which the harm could have been
avoided by one party only. We have discussed this case at length and shown that sharing always
dominates all-or-nothing rules. Pure alternative-care cases are those cases in which either party
could have avoided the harm at reasonable (even though different) costs. We have shown that the
case for sharing is seriously weakened. Mixed alternative-care cases are those in which parties’
costs of precaution range beyond the harm and thus consist of a portion of pure alternative-care
cases and one of unilateral-care cases. We have argued that if the range is sufficiently large, sharing
regains its advantage. We have not discussed the obvious case for sharing under joint care. In our
framework, it turns out that if both parties were to take precaution, all-or-nothing rules prevent no
accident at all, while sharing still yields some positive level of deterrence.

Therefore, we suspect that — even beyond the cases in which our main claims have been proven
— sharing may, in reality, be more likely than not to dominate all-or-nothing rules when courts have
no information about the accident typology unless the accident is clearly a pure alternative-care
type. Our analysis also suggests that, in general, a 50/50 sharing may be recommendable.

It is also worthwhile remarking that if all-or-nothing rules are applied in a way that cannot be
predicted ex ante, then their effects are equivalent to a stochastic sharing rule. In this case, the only
difference between sharing and all-or-nothing rules would be the risk involved in the probabilistic
attribution of responsibility, which is absent when sharing rules are announced ex ante and correctly

implemented.

5.1 Tort

As we suggested in the introduction, our analysis may furnish a justification for comparative

negligence. Strictly speaking, comparative negligence shares the loss when both the injurer and the



victim are found negligent, which cannot be the case in our unilateral-care model. What we are
advocating is, in fact, the sharing of the loss when fault cannot be proven.

Loss sharing in tort has also been advocated under other headings. Comparative causation, for
example, refers to the sharing of the loss between non-negligent parties and mirrors the comparative
negligence rule. In this case, sharing aims at controlling the incentives to take optimal activity level
rather than care. When an accident has occurred, notwithstanding the fact that parties took optimal
care, our analysis suggests that sharing the loss could improve parties’ incentives with respect to the
level of activity.”’

Also, rules of communal liability may amount to a sharing of the loss among several potential
tortfeasors.”® In ancient societies, it was common that if a member of a tribe did harm to another
tribe, compensation was to be sought from the tortfeasor’s group. In these cases, the literature has
focused on the reasons for implementing different forms of liability rather than on their sharing
effects.”” Current explanations in the literature focus on the need to give each individual incentives
to monitor the others.”® We suggest that sharing may be supported by its filtering properties in this
case as well. That communal liability disappeared in more modern societies is also in line with our
framework. Over time, it might have become cheaper (and, more often, technically possible) to find
out what individual was responsible. As the non-verifiability problem disappears, the filtering
justification for sharing rules also disappears.

Empirical studies have concluded that comparative negligence gives parties weaker incentives
to take precaution than contributory negligence.’’ These results should be interpreted with caution.
Our analysis shows that sharing rules are indeed likely to (even though they do not always) increase
the number of accidents. This means that parties will more often be careless. The social gains of
comparative negligence consist of the fact that injurers, on average, spend less in precaution. This
means that injurers who exercise care have, on average, less care costs. In other words, under

comparative negligence, there are more accidents, and less is spent on precaution, but what is spent

%7 See Parisi and Fon (forthcoming) for an analysis of loss sharing between non-negligent parties as a function of their
causal contribution to the accident. They do not touch upon the points we make. Also, Shavell (1985) makes a point in
favor of sharing, when causation is uncertain for both the courts and the parties. The distinction between care and activity
level, although already present in earlier studies, was first formalized by Shavell (1980).

% Kornhauser and Revesz (1990 and 1993) provide an analysis of loss-sharing among several actual injurers but make
points that are different from ours.

» Sykes (1981) and Kornhauser (1982) provided the first breakthroughs in the economic understanding of rules of
vicarious and communal liability and the standard view on their desirability.

30 See Posner (1980) and Parisi and Dari-Mattiacci (2004).

3! White (1989) (comparative negligence gives parties weaker incentives to take precaution than contributory negligence);
Sloan, Reilly, and Schenzler (1995) used self-reported data on patterns of alcohol use among individuals and found that
switching from contributory to comparative negligence increased binge drinking. Flanigan, Johnson, Winkler, and
Ferguson (1989) found that comparative negligence is associated with higher automobile liability insurance premiums,
but they did not investigate whether this increase was due to more claims towards injurers or to more accidents. On the
comparison between contributory and comparative negligence see also Schwartz (1978).



on precaution is relatively well-spent. Therefore, the current empirical literature does not allow us
to make any statements on whether comparative negligence worsens the parties’ incentives. A
change in the number of accidents is an evident effect of tort reforms, while a change in their social
cost may be a rather hidden feature, and it is more cumbersome to measure. Therefore, the tension
between, on one hand, reducing the number of accidents or the number of careless parties and, on
the other, reducing the social cost may be of relevant political impact because policies that pursue

the latter goal at the expense of the former may be favoured by uninformed voters.

5.2 Law enforcement

Our analysis also bears on issues of law enforcement and particularly on the question whether
investigation effort should be shared among the population of potential violators or focused on a
subgroup. An example is useful for clarification. Assume that a robbery has been perpetrated and
that there are only two criminal groups in the city with different probabilities of hosting the thief. If
all investigation effort is directed toward one of the two groups, the probability of finding and
proving the guilt of the criminal, if he is there, is equal to 1; if he is in the other group, the
probability is obviously zero. If policemen are sent to inquire into both groups, the probability is
less than 1 for both and proportional to the number of policemen. Sharing the policemen between
the two groups can be analogized to the sharing of the loss in an accident context. The chosen
policy produces ex ante incentives for the two groups, which can be studied by applying our model.

A recent article on this topic focuses on the effects of varying enforcement resources and
concludes that the optimal distribution of enforcement effort depends on the availability of these
resources.”” In general, the more resources are available, the more optimal law enforcement effort
tends to be uniformly distributed under the assumption that the violators’ probabilities of guilt are

the same. Instead we make a different point. Our focus is on differences among parties, both with

32 Lando and Shavell (2004) discuss this under the label ‘focusing law enforcement effort’. Our study interacts with theirs
in several respects and deviates in others. First, focusing is not the opposite of sharing. Focusing denotes any policy that
is different from uniformly sharing police effort amongst the population of violators (that is sharing 50/50). In our
framework, sharing denotes any policy that is different from focusing the full enforcement effort on a subgroup of the
violators (an all-or-nothing rule). There exists, therefore, a grey zone between uniform sharing (50/50) and full focusing
(0/100 or 100/0) in which law enforcement effort is shared between two subgroups of violators, but not uniformly. Lando
and Shavell also call this case focusing, stressing the fact that law effort is not distributed uniformly. We call it sharing,
emphasizing the fact that law enforcement effort is not concentrated on one subgroup only. Second, with these
considerations in mind, it is easy to see that our findings are compatible with those by Lando and Shavell, as both of us
show in fact the benefits of distributing law enforcement effort between two subgroups of potential violators with varying
proportions. For both of us, the sanction is given. They vary enforcement levels by means of redistributing enforcement
effort and, thus, through variations in the probability of apprehension. We reach the same result by means of sharing a
fixed probability times sanction mix between the parties. It is easy to see that, beyond terminology and mathematics, the
two approaches converge. In our setting however, the enforcement resources are implicitly given as fixed, as the
probability of apprehension is given and the sanction is set equal to the harm.



respect to their probabilities of guilt™ and to their varying costs of precautions.** We study how the

optimal sharing varies when the probability of guilt for the parties differs.

5.3 Marriage contracts

Our framework applies very well to divorce law, which, in essence, defines the sanctions for breach
of marriage contracts. Marriage contracts are notorious examples of contracts where breaching is
hard to verify. Courts face enormous difficulties in finding out which of the parties should have
done more to save the marriage. They may acquire information on some proxies (like who quit the
house first), but, in most cases, they may not succeed in finding out who was (most) responsible for
the unsuccessful marriage.

The next question is what ‘all-or-nothing rules’ and ‘sharing rules’ mean in this context. All-
or-nothing rules make only one party worse off. That party bears all financial losses caused by the
termination of the relationship, while the financial status of the other party remains unaffected. A
perfectly compensatory expectation measure (that puts one party in the same financial position as
during the marriage) can be seen as an all-or-nothing rule. What are sharing rules? Sharing rules
make both parties (financially) worse off when they divorce. When both parties have a similar
position on the labor market, not awarding alimony to any of the parties results in both parties
sharing the loss. If only one of the parties is able to generate an income on the labor market, making
that party pay undercompensatory expectation damages or just reliance damages results in loss
sharing.

The central question, then, is whether we are dealing with pure alternative-care cases, pure
unilateral-care cases, or mixed alternative/unilateral-care cases. ‘Pure alternative care’ means here
that the marriage was worth saving and that each party could have saved the marriage at reasonable
(though not equal) costs. This depends, of course, on the benefits of staying together. In societies
with weak social security systems, non-subsidized schooling, etc... or societies where people are
living at or just above the subsistence level, the costs of divorce are relatively high so that the
precaution costs range of the parties may be lower than the harm (g < %). To illustrate, if the
precaution range goes from $0 to $200 while the harm is $100, we have a mixed unilateral-
care/alternative-care case; but if the harms is $500, we are in a pure alternative-care situation (each
of the parties can prevent the harm at a reasonable cost).

Our framework provides an alternative explanation for the general tendency in modern legal

33 Lando and Shavell (2004) dismiss this issue as an obvious argument for focusing. However, the issue is not trivial, and
we show that complete focusing (all-or-nothing rules) is not in general the optimal response to different probabilities of
guilt.

* It is immaterial that we determine the parties’ type according to their costs of precautions, while Lando and Shavell
(2004) refer to the benefit deriving from the violation, as one can be interpreted as the other and vice versa.



systems to replace an all-or-nothing rule (perfectly compensatory expectation measure) by rules that
implicitly share the loss (undercompensatory expectation measure, reliance measure and no
damages system). The decrease over time of the harm /4 caused by a divorce transformed pure
alternative-care cases into mixed unilateral-care/alternative-care/efficient-breach cases. As a

consequence, sharing rules have become superior to the old all-or-nothing regimes.

5.4 Labor contracts

Just like in marriage contracts, courts have substantial problems in verifying who was (most)
responsible for the failed employment relationship. Unsuccessful employment relationships are not
necessarily pure alternative-care situations. It is possible that only one of the parties could have
done something (for instance, if the problem was that the employee shirked in non-verifiable ways,
it is only that employee who could have solved that problem; if the problem was that the employer
created an unpleasant working atmosphere, the employer may have been the only one who was able
to solve that problem). Our analysis suggests that sharing is better under these conditions.

Employment contracts are characterized by relatively weak sanctions for contract breach or
contract termination. In contrast to general contract law where heavy pressure is put on promises
(since the standard remedy for contract breach is the expectation measure), modern legal systems
generally put less pressure on staying in an employment relationship.” A clear example is the
American termination at will doctrine, which allows any of the parties to stop the co-operation at
any time and for any reason without having to pay any form of compensation. This doctrine can be
seen as an implicit loss-sharing rule. Both parties bear a part of the transaction costs (the employee
has to find a new job, the employer has to find a new worker), both forego the expected profits they
hoped to make, and both may lose some relation-specific investments and reliance costs. But
contracts that offer more protection to the parties by requiring a notice period (which is the case for
most employment contracts in Europe) also have a loss sharing effect. These notice periods give the
protected party some extra time to find a replacement contract (and hence reduce the reliance
losses), but they do not award any form of compensation to that party (unless the notice period has
not been respected).

In addition, our analysis provides a justification for the need of letting the parties make equal
relation-specific investments in long-term contracts.’® A common justification is that this minimizes
the hold-up risk (when both have something to lose, a hold-up is less likely then when one party
does not have anything to lose). Our analysis suggests an additional justification: if the legal system

is unable to sanction contract breach, then equal relation-specific investments implicitly share the

33 De Geest, Siegers, and Vandenberghe (2001).



reliance losses in case of contract breach, and this filters out the breaches (or terminations) that were

easiest to prevent.

5.5 Shares in partnerships

While our framework focused on loss sharing regimes, it also applies to profit sharing
arrangements. The success of a firm depends on the effort levels of many actors, and quite often the
effort levels (or costs) of several of these actors are hard to verify. In other words, it may be very
hard for judges to find out who should have done a little more in a company. This non-verifiability
problem is a central theme in the contemporary literature on industrial organization and personnel
economics. While a thorough analysis of the filtering functions of sharing systems in firms is
beyond the scope of this article, it seems plausible to presume that our framework also applies to
some extent’’ to profit sharing business arrangements and variable pay contracts.

If the effort levels of more than one actor are non-verifiable, is it then better to give one actor a
100% hard regime (give her all shares, or give her a fully internalizing variable pay contract) and
the others a 100% soft regime (fixed wages), or is it better to put all actors under an intermediate
regime (a share in the profits of a project or a firm, that is higher than 0 and lower than 1)? We have
shown that sharing always has a filtering effect. While parties who internalize less than 100% of the
profits they generate have no perfect incentives, profit sharing filters out the most serious incentive
problems by preventing losses (or missed opportunities) that could have been prevented with
relatively less effort. Whether this filtering benefit outweighs the potential disadvantages of sharing
rules (duplicative precaution, or lack of precaution due to free-riding between the parties) depends
on the distribution of relative effort costs. We have shown that all-or-nothing rules make sense only
for pure alternative-care cases. Often this will not be the case: some commercial losses can be
prevented by only one person at reasonable costs, and some commercial opportunities are noticed
by only one person. In that case, sharing is better. Our analysis also suggests that parties who have a
higher chance of being able to influence the results in a non-verifiable way should receive greater
shares, which seems to correspond to the empirical findings.

This suggests that loss sharing rules in tort law and profit sharing arrangements in business
markets may have a common underlying economic logic. It should be no surprise to see a switch to
comparative negligence in a society in which profit sharing and variable pay arrangements are

common practice. The fundamental cause seems to be the ‘specification problems’ that occur in

36 Becker (1975) lies at the origin of the literature on this point.

37 One difference between sharing regimes in contracts and torts, is that parties in a contract may have opportunities to
solve misunderstandings (resulting in duplicative precaution or no party taking precaution) by communication. This
seems to make the case for sharing even stronger in a contractual context.



complex societies: the complexity makes it hard to find out who should do a little more to prevent

an accident or to increase profits.
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APPENDIX

Proof of proposition 3. Calculating the total differentials if Exp. (9) with respect to the parties’
precautions, we have dS = (&5/ct;) dc; + (85/a;) dc,. The values of dc; and dc, can be easily

calculated from Exp. (11) as follows:

(1= Fy ()l + £y (e - Fi(e)oh’

1= fi(e)) fy(cy)o(l— o)k’
__[-Ae)b+ fie-Fe)li-oh?
1= fi(e)) f2(cy)o(l - o)n?

dc, =

)

de,

Substituting and rearranging, we have:

as h 3 L
do = /(e /s () )G(l —O')h2 {fl (¢ )[1 F, (e, )](cl [1 F (e, )]h)+
(18) ~ fole)ll = Fi(e)fe, =[1=Fi(e)h)

+ fienfr el = Fenloh— e, [1= By ()1 = o) + 1= F (e - Fy (e))1 - 20 )07 )}

The expression in brackets can be interpreted as follows: the term in the first line measures the
direct effect on S of changes in o through ¢;, the term in the second line measures the direct effect
on S of changes in o through c,, the term in the third line measures the change in S due to the
interplay of ¢; and ¢, (the same can be said about the denominator).

As it can be easily verified in Exp. (11), if o= 0, then we have ¢; =0, Fi(c;) =0, c; = h, Fx(c)
< 1 (the latter sign is an equality if 2 = g). Likewise, if o= 1, then we have ¢; = h, Fi(c;)) <1, c; =

0, F(c;) = 0. Substituting these values into Exp. (18) and rearranging we have Exp. (12). m

Proof of proposition 4. Exp. (13) is calculated by making the same substitutions as at the end of

the former proof. m

Proof of corollaries 3.a and 3.b. After substituting f;(c) = fo(c) = fic) = 1/h, Fi(c) = Fy(c) = F(c) =

c/h, and g; = g, = g into Exp. (11), the parties’ precautions decisions can be written as follows:

., = oghle —(-o)n]
IR S et
? g’ -oc(l-o)h’




Substituting these values into Exp. (9) and rearranging, we obtain Exp. (15). Differentiating with

respect to o, we have the following first order condition:

, 2g°h? 1

20 S(@)=—— (——aj[a(l—a)hz—(g—h)z]zo
o2 - oli-on2] \2

It is easy to see that if g > &, the first term is always positive for any value of o. If h < g < 3h/2,

Exp. (20) has three solutions. One solution is o, = 1/2, at which level of o the second term is zero.

The other two solutions are those levels of o such that the third term is equal to zero. They can be

written as follows:

8oh —3h? —4g?
o L[ _Be g
2 h
(21
8gh —3h* —4g?
0'b=i 1+\/g g
2 h

If g > 3h/2, the only solution is oy, as the third term in Exp. (20) has no real root. Differentiating

again, we have:

—4gh +3h* - 60(1 - o )h*
P (|

(7(1 - 0')h2 —(g- h)2

2g*
(22) Su( )= 3h2 :
o [¢> - o1 - o)n]

+ (20 -1)3g°n*

It is convenient to note that the second term is zero at all stationary values (at o, we have 20— 1 =
0, while at g, and o, the numerator is zero). Calculating the sign of the first term when 2 < g <3A/2,
we obtain that the expression is negative at oy, (thus, this is a local maximum) and positive at o, and
op (thus, these are local minima). Looking at figure 4, we see in fact that the social cost function is
w-shaped. It is also easy to see from Exp. (21) that o, and o} are situated to the left and to the right,
respectively, of o), and that their sum is equal to 1. Furthermore, they approach 0 and 1,
respectively, when g decreases toward 4, and they converge toward o, when g approaches 34/2.
When g > 3/h2, the first term of Exp. (22) is positive for any value of o. Thus, the social cost

function is an ordinary convex u-shaped function, and o7, is the unique minimum. m

Proof of corollary 4.a. Evaluating Exp. (14) for the uniform distribution, we have:

23 SO~ S(%)=%(2g —h)- gh

4g+h
(2g+h)

This expression is positive for g > (1+3")4/2. Therefore, when g is above this threshold, the social



cost is lower at o, than under all-or-nothing rules. It is worth noticing that (1+3%)4/2 < 3h/2; that is,
oy, may be preferable to all-or-nothing rules even if this is not the optimal sharing. In this case,
looking at figure 4, oy, is a local maximum but yields a social cost that is less than the social cost at

the corner values. m

Proof of corollary 4.b. Substituting the values of Exp. (19) into Exp. (16), we have:

==

The first order condition yields:

gzhz(Zgh -3g7 -0l —O')h2X20—1) 0

(25)  P(o)=
[g2 - 0'(1 - 0')h2 ]3
The only solution is o= 1/2. Evaluating the second derivative at o= 1/2, we have:

32¢%h*(h - 6g)
(h-2g)*(2g +h)

26)  P'(y)=

This expression is negative for g > h. Thus, o = /2 is a local maximum. Since it is the unique
stationary point and functions are differentiable, we can infer that this is also the global maximum.
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Figure 1 — Social cost and probability of accidents under a sharing rule
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Figure 2 — Social cost as a function of the liability rule for uniform distributions and 7>1/2
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Figure 3 — Social cost as a function of the liability rule for uniform distributions and 7=1/2

Social cost for g>3h4/2

Social cost for h<g<3h/2

oy o=1/2 o) 1 o

Figure 4 — Social cost in alternative-care cases for uniform distributions
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