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a  b  s  t  r  a  c  t

Under  the  but-for  requirement  of causation,  a tort  injurer  cannot  be held  liable  for  more  than  the  dif-
ference  between  the  loss  the  victim  would  have suffered  if the  injurer  had  not been  negligent,  and  the
loss  that  is  in  reality  suffered.  We  ask whether  this  causation  requirement  yields  efficient  precaution  in
the context  of  two  or more  injurers.  Contrary  to a widely  accepted  view,  we  find  that  but-for  causation
may  lead  to the  existence  of an  inefficient  Nash-equilibrium.  We  characterize  when  this  may  occur  and
compare  those  instances  with  precedent  in which  courts  have  not  required  but-for  causation.  Moreover,
we  ask  whether  alternative  concepts  of causation  do better  than  but-for  causation  in terms  of  incentives.
We  find  that  while  both  the  NESS-test  and  the  Shapley  provide  optimal  incentives  when  injurers  act
simultaneously,  there  are  reasons  for  considering  the  Shapley-value  as the  more  satisfactory  concept  of
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Shapley apportionment

causation.
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injurer’s negligence is necessary for that sufficiency.3

As for the third type of situation, consider a doctor prescribing a
wrong drug for treatment of a patient’s disease and a nurse failing
Compensation principle

1. Introduction

The concept of but-for or necessary causation as applied to tort
or nuisance law seems to provide optimal incentives for taking pre-
cautions under a negligence rule, as an injurer can be held liable for
the harm that would not have occurred but for the injurer’s neg-
ligent act. This seems to provide proper internalization of harm.
However, it is well-known that this appearance can be deceptive
in the context of multiple injurers, where but-for causation can lead
to counterintuitive results. As we shall demonstrate, this may  occur
in (only) three distinct types of situations.

As the first type of situation, referred to as concurrent causa-
tion, two injurers can perform a negligent act independently of
each other, which on its own is sufficient for the full harm to occur.
For instance, two people can simultaneously light a fire that burns
down a house, or two firms can both pollute a river. In such situa-

tions, but-for causation would hold neither party liable as neither
of them is a necessary cause of the harm. Courts have then some-
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imes responded by considering a person to have caused the harm
hen the person’s negligence was  sufficient for the harm to occur.1

The second type of situation occurs when there are more than
wo injurers and a subgroup of injurers sufficiently cause the harm.
f, for instance, three injurers push a car over a cliff and the push of
wo  of them would suffice, then each injurer’s act is neither nec-
ssary nor sufficient for the harm to occur.2 For such scenarios, it
s not enough to consider sufficient harm as a form of a causation;
he most recent Restatement (Third) instead suggests expanding
he concept of causation though the NESS-test which establishes
ausation when the injurer is a member of a group of injurers
hose negligent acts are sufficient for the injury, provided that the
1 An early common law case on this theme is Cook v. Minneapolis, St. P. & S. Ste.
.  Ry.
2 This example dates back to Carpenter (1934) and is mentioned also in the

estatement (Third) of Torts: Liability of Physical and Emotional Harm, §27, cmt.
,  ill. 3, (American Law Institute, 2009).

3 The Restatement (Second) advocated a substantial factor test, according to
hich a party is considered to have caused a loss if the party’s act was a substantial

actor in creating the loss. This test raises the question of what it means for an act
o  be a substantial factor.
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Kahan’s example: if due care requires the wall to a cricket field
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to apply the drug to the patient, thereby inadvertently saving the
patient’s life. If the lack of treatment leads the patient to suffer a set-
back, there is actual harm, but the marginal harm from the nurse’s
failure to treat the patient is negative – it saves the patient’s life –
while the marginal harm caused by the doctor is zero, as the falsely
prescribed drug is not actually applied.4

In these three types of situations, but-for causation appears to
yield sub-optimal internalization of harm. However, this has been
contested in the law and economics literature; indeed, the conven-
tional view is that multiple sufficient causation does not provide
ground for expanding the concept of causation. This view stems
from the surprising finding by Shavell (1980) that there always
exists an efficient Nash equilibrium under the but-for causation
requirement, even when, as in the three examples, no injurer will
be held liable. The logic of this finding is that it is an equilibrium for
all to take due care, since if every injurer expects the others to take
due care, it is optimal for every injurer to also take due care.5 This
view has been criticized by some legal scholars who have seen it
as proof that analyzing causation from the perspective of efficiency
and incentives is unproductive. Thus, Wright (1985) claims that (p.
447):

..the courts have imposed liability. . . in the duplicative cau-
sation cases. Thus, from both the normative and positive
perspectives, Shavell’s theory fails.

However, as one of the main contributions of this article, we
demonstrate that efficiency considerations do not lead to the con-
ventional view; there can be a reason to expand the concept of
causation, we show, when (and only when) the harm-function is
sub-modular in the sense that the injurers’ marginal contributions
to harm do not add up to total harm. There then exists an efficient
and can also exist an inefficient Nash equilibrium under the but-for
causation requirement. Our analysis hence brings the law and eco-
nomic analysis of causation closer to precedent and to a common
intuition.

Our result, in turn, raises the question of how to expand the con-
cept of causation in order to achieve optimal incentives when the
harm function is sub-modular. We consider mainly three possibili-
ties: one is to regard an injurer as having caused a loss not only if his
negligence is necessary but also if it is sufficient for the loss to occur;
another is to apply the NESS-test as advocated by the Restatement
(Third); and the third is to apply the Shapley value. These notions
of causation can be characterized in terms of how they incorpo-
rate information about injurers’ marginal contributions to harm in
different hypothetical scenarios. The hypothetical scenarios differ
in terms of which injurers act negligently and which (counterfac-
tually) do not. An injurer’s marginal contribution to harm can be
measured in any scenario and the different possibilities for expand-
ing the notion of causation can be understood in terms of which
scenarios they consider. For instance, the expansion which consid-
ers sufficient cause as causation simply examines, for any injurer,
whether the harm that actually occurs is also incurred in a scenario
in which only that injurer is negligent. As mentioned, the NESS-test
on the other hand regards an injurer as having caused a given injury
(to a good), if two conditions are fulfilled: first, there is a subgroup
of negligent injurers, which includes the injurer, whose acts are suf-
ficient for causing the injury. And second, the injurer’s negligence
is necessary for this group’s negligence to be sufficient. Finally, the

Shapley value differs from the NESS-test in two dimensions. First,
it does not consider an individual injurer’s marginal contributions
to physical injury but to harm in monetary terms. It turns out that

4 We have not yet found legal cases of this nature and such cases are not directly
addressed in the Restatement (Third).

5 This argument is also made by Landes and Posner (1980, p. 524).
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here can be a difference if a negligent act causes injury to one good
ut saves another good. Second, the Shapley value considers each

njurer’s average marginal contributions to the victim’s monetary
osses over all possible hypothetical scenarios in which one or more
njurers act negligently. To illustrate, if there are three injurers, the
hapley value considers three possibilities: that the injurer is the
nly one who acts negligently, that there is one other injurer who
lso acts negligently and finally that the two others also act neg-
igently. It averages the injurer’s marginal contributions to harm
cross these three possibilities. Note that the NESS-test and the
hapley consider the same marginal contributions of injurers but
here the Shapley value averages the contributions over all sce-

arios, the NESS-test looks for a hypothetical scenario in which an
njurer’s marginal contribution is the actual injury.

One of our main findings is that both the NESS-test (and so also
he concept of causation which regards not only necessary but also
ufficient cause as causation) and the Shapley value ensure optimal
ncentives, essentially because they ensure full compensation to
he victim and full compensation ensures efficiency of the Nash-
quilibrium in the game between the injurers. However, we find
easons to prefer the Shapley value to the NESS-test in part because
he Shapley value is concerned with values lost (and therefore can
ake into account scenarios that involve more than one good where

 negligent act can save a good as in the third example above) and in
art because the Shapley value lives up to a set of desirable axioms
f apportionment.

Apart from the NESS-test and the Shapley value, some alter-
ative notions of causation are sometimes applied, particularly
hen it is difficult to measure harm in hypothetical scenarios. For

nstance, but-for causation may  be taken to mean that an injurer
as caused a loss if the loss would not have occurred if the injurer
ad not undertaken the activity rather than if the injurer had not
ndertaken the activity in a negligent manner. Or sometimes causa-
ion requirements are dispensed with by courts who consider two
njurers to be jointly liable if the loss would not have occurred had
either party acted negligently. Our framework allows us to also
etermine whether these and other similar rules are efficient.

As for the structure of the article, we  have found it necessary
o begin by defining but-for causation and by considering how the
oncept plays out when there is limited measurability of the con-
equences of hypothetical acts. We then provide an overview of
he literature before presenting two  examples that illustrate the
ist of our analysis. After having presented the model and derived
ur main results, we compare them with legal practice. Finally, we
omment on our results and their limitations before concluding.

. On the meaning of but-for causation

There exist mainly two notions of but-for causation. One
estricts a negligent injurer’s liability to that amount of the actu-
lly incurred loss which would have been avoided if the injurer had
cted with due care. We  shall refer to this as the but-for-negligence
ule.6 The other restricts liability to the loss that would have been
voided if the injurer had not undertaken that activity which he
onducted in a negligent manner. We  shall refer to this as the but-
or-activity rule.7

The difference between the two rules can be illustrated by
o be ten feet tall, and the owner builds it only nine feet tall and so
cts with negligence, the owner will be held liable under the but-

6 It is referred to as the P* rule by Grady (1983) and Kahan (1989) considers this
o  be simply the rule of but-for causation.

7 In Grady’s definition, for there to be causation there must be some level of
recaution, perhaps a very high one, which would have prevented the loss.
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for-activity rule but not under the but-for-negligence rule if the
cricket ball flies above the wall at a height of more than ten feet.8

There is near agreement in the literature that the rule applied
by courts is the but-for-negligence rule, see, e.g. Wright (1985, pp.
1759–1774), with an extensive discussion including references to
proponents of the but-for activity rule, Kahan (1989), and Landes
and Posner (1983, p. 115), with several examples of the use of the
but-for-negligence rule.9 The Restatement (Third) (American Law
Institute, 2009, chapter 5, §26 (illustration)) clearly regards but-for
causation as but-for-negligence:

While driving 57 miles per hour on a road with a 50-miles-per-
hour speed limit, Ken ran into Melanie, a pedestrian. Ken is not
subject to liability for negligence in speeding unless he would
not have hit Melanie or would have caused her less harm if he
had been driving 50 miles per hour.

It is then worth for us to explain why we will also consider the
effects of the but-for-activity rule, and why in the context of mul-
tiple injurers we will even address the consequences of a rule that
holds both injurers liable for losses jointly caused in a sense to be
defined below. We  do so because the but-for-negligence rule can
turn into the but-for-activity rule (or even into a rule of joint liability
for harm jointly caused) when there is lack of evidence concerning
what the loss would have been if the injurer had acted with due
care.

In the context of Ken’s negligent driving, it may  often be difficult
to know how great the harm from an accident would have been if
Ken had driven at 50 miles an hour. For that reason, a court might
apply the but-for-activity rule even if it would ideally wish to use
the but-for-negligence rule. This policy is explicitly stated by the
Restatement (Third) for the case of multiple injurers. It requires
the victim to prove that an injurer’s negligence caused some part
of damages10 and when the victim has proven this, the defendant
must present evidence that makes it possible to divide the victim’s
losses by causation, i.e. which allows for a quantification of the
damages separately caused by the injurer’s negligence (see Restate-
ment (Third) American Law Institute, 2000, Topic 5, §26, p. 320).11

If the injurer or the fact-finder cannot provide such evidence, the
injurer is considered to have caused the full amount of damages.

This rule, however, allows for a couple of interpretations as
the following example illustrates: Two firms are individually only
allowed to emit 10 units, otherwise they are considered negligent.
One firm, A, emits 15, and another firm, B, emits 25. The table shows
the levels of harm in monetary terms as a function of acts taken by

the two negligent firm, when harm equals total emissions squared:

8 A third rule, which Grady advocates and believes to be enforced in common
law, holds the negligent injurer liable for losses that could have been avoided by
a  measure that passes the cost-benefit test. This is not the same as the but-for-
negligence rule, as Grady’s example illustrates in which a person has drowned in a
pool which the owner could have made safer by a fence or by the hiring of life guards.
The fence would have avoided the accident whereas it cannot be established that the
life  guards would have. Establishing a fence may  have been excessive precaution,
life  guards may have been sufficient – yet the building of the fence may still pass a
cost–benefit test compared with no precaution. According to Grady, the court will
not  deny compensation on the grounds that it cannot be shown that the victim
would not have drowned if there had been life guards. We  shall briefly address also
this rule.

9 Although Grady is skeptical that courts actually enforce the but-for negli-
gence rule, this is because he thinks they enforce his cost-benefit described in the
footnote8, which is a modification of the but-for-negligence rule; it is not because
he  believes the actual rule is the but-for-activity rule.

10 This replaces the requirement of the Restatement (Second) (American Law
Institute, 1979) that the victim proves that the injurer’s act was a “substantial factor”.

11 We note that §26 is not easy to interpret, as it is not clear for what amount the
plaintiff seeks recovery; this amount must be determined by the rule of causation
which the rule is meant to establish.
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B emits 25 B emits 10 (due care) B emits 0
 emits 15 1600 625 225
 emits 10 (due care) 1225 400 100
 emits 0 625 100 0

We assume that the loss is zero if neither party emits, as losses
re measured by comparison with what would happen if neither
arty emitted (participated in the activity). Applying the divisibility
ule of the Restatement (Third) (§26) to this example, it must mean
hat if the fact-finder can with reasonable accurateness measure the
umbers 1600 and 1225, their difference will be the loss caused by

 (similarly for B). If, however, this difference is not measurable, it
s not clear which rule applies. It may  be the but-for-activity rule,
n which case A is the cause of 1600 − 625. However, if this is also
ot measurable, it may  be that A should be considered the cause of
he actual loss of 1600 in which case A and B (if B’s causation also
annot be measured) will be in effect jointly liable for 1600.

Hence, the measurability or divisibility problem takes on added
mportance in the context of multiple injurers and may  lead to rules
hat in effect dispense with individual causation requirements. We
oint this out, since it will lead us to also investigate the practically
elevant question of whether incentives are correct when there is
imited measurability.

A further conceptual issue is whether but-for causation means
hat it is required that the injurer’s negligence must have caused
he accident, or the injury, or the victim’s monetary loss. Note first,
hat it cannot be the accident, at least not according to the Restate-

ent (Third). In the example above, if Ken would have driven into
elanie had he driven with due care, he would still be liable if

here is a difference in harm caused by the excessive speed. But
oes but-for causation then concern the actual injury or the loss in
erms of value to the victim? The difference is clear in the exam-
le mentioned in the introduction of the doctor and nurse where
he question is whether the patient’s deterioration in health due
o the lack of treatment is all that matters to the causation rule or
hether offsetting benefits matter in the calculation of what each

njurer causes. If causation concerns value lost, one must consider
lso offsetting benefits, i.e. consequences of negligence (whether
ositive or negative) to other goods than those actually harmed.
e believe that causation should be considered in value terms, but
e will consider the consequences also of disregarding offsetting

enefits.12

Finally, it is worth addressing the meaning of the term joint (or
n a civil law context, solidary) liability, which is sometimes viewed
s a rule of causation. Joint liability, however, is a rule that decides
he way  in which injurers, who  have all caused a loss, share liability
or it. The application of the rule of joint liability hence presupposes
hat the injurers have all caused the given loss. Joint liability means
hat the victim can claim the full loss with either of the injurers.
f liability is only several, the victim can only hold the individual
njurer liable in proportion to his or her relative culpability (degree
f negligence), see §11 of the Restatement (Third) (American Law

nstitute, 2000).
As mentioned above, we  shall also consider the consequences of

 rule that ignores individual causation requirements and that, due
o the difficulty of measurement, imposes joint liability on injurers
ho  have jointly caused a loss in the sense that the loss would not

ave occurred if neither injurer had acted negligently.
12 We are aware that offsetting benefits are quite rare in legal practice, but we are
nterested in developing a general theory of causation, not only one that works well
nder most circumstances.
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3. The literature

We  list but do not review the general law and economics lit-
erature on causation; our review is in the main confined to the
literature concerning multiple injurers and in particular multiple
sufficient causation.

The list of early, general literature includes Calabresi (1975),
Shavell (1980), Landes and Posner (1980), Grady (1983),
Kornhauser and Revesz (1989), Cooter (1987), and Kahan (1989).
More recent contributions are Young et al. (2007), Parisi and Singh
(2010), Miceli and Segerson (1991), Hylton (2013), Hylton and Lin
(2015), Carvell et al. (2012), Deffains et al. (2016), and Dillbary
(2013, 2016). An overview of the main topics and the literature can
be found in Ben-Shahar (2009), Hylton (2013) and Deffains et al.
(2016).

As for the literature on multiple injurers, Shavell (1980) seems to
have been the first to provide a formal model. He demonstrates that
for strict liability there exists an efficient Nash equilibrium under
the but-for causation requirement, and he adds that this holds
also for the rule of negligence. This finding includes, as mentioned,
the case of multiple sufficient causation. We  extend his result by
showing the existence of an inefficient Nash equilibrium under the
negligence rule13 when the harm-function is sub-modular, as when
there is multiple sufficient causation.

Landes and Posner address the issue of causation in Landes
and Posner (1983) and of multiple injurers in Landes and Posner
(1980). In Landes and Posner (1983), they argue that the but-for-
negligence rule is optimal from an efficiency viewpoint, since it
does not improve the incentive for an injurer to act with due care
to hold him or her liable for a loss that would have occurred even
if he or she had acted with due care. They do not address the point
we are raising, namely that this logic may  not apply in the context
of multiple injurers where the causation requirement may  shift the
equilibrium.

Kornhauser and Revesz (1989) (K & R) analyze different legal
rules for sharing losses among multiple injurers that at their time of
writing were associated with CERCLA14 . In particular, they analyze
the way in which joint or joint and several liability was at that time
administered under CERCLA. Since these rules were administered
without much concern for individualized causation requirements,
only some of their analysis is relevant in our context. Hence, in
terms of our example above, they consider that the victim could,
under a rule of joint liability, raise a claim of either 1600 − 400
under a rule which they term partial liability, or a claim of 1600
under a rule which they term full liability, against any of the two
negligent injurers. Hence, under CERCLA joint liability was a rule
that restricted each negligent injurer’s liability to the loss jointly
caused by the negligent injurers (including, in some variants, losses
caused by non-negligent injurers), without consideration of what
each negligent injurer had individually caused.15 Later, individual-
ized causation was increasingly taken into account, and individual
causation became a constraint on apportionment when divisibil-
ity could be established, as described by Boston (Boston, 1995, pp.
103–104).16
Grady (1990) considers whether multiple injurers have suffi-
cient incentives for care under the negligence rule, and is skeptical
in this regard (see, e.g. p. 675). He does not, however, formalize

13 We do not show it, but there exists an inefficient equilibrium also under strict
liability.

14 Comprehensive Environmental Response, Compensation, and Liability Act,
known also as Superfund.

15 This is also reflected in Tietenberg’s (1989) analysis of joint and several liability
in  the context of toxic torts.

16 He mentions for instance United States v. Alcan Aluminum Corp.), 49 F. Supp.
2d  96 (N.D.N.Y 1999).
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is intuition that there may  not be enough incentives if the parties
hare liability for a loss.17 We  believe that this intuition conflicts
ith our compensation principle, which states that as long as the

arties together cover the full loss, there does not exist an ineffi-
ient Nash equilibrium when the harm function is super-modular,
hich is the main case Grady considers (following K & R).18

In a reconsideration of the theory of causation, Hylton (2013,
. 11) addresses multiple sufficient causation. He suggests that the
ourt’s finding of causation in such cases is based on the fear that
egal errors may  otherwise lead to inefficient incentives. We  see his
nd our rationale as complementary.

Dillbary (2016) mentions the possibility that there may  be inef-
cient incentives under but-for causation when there is multiple
ufficient causation. One possibility analyzed by Dillbary is the tort-
est, in which the marginal liability of each injurer falls as many
njurers join in creating harm for which each injurer is the suf-
cient cause. The tort-fest may be efficient even though courts
equire care by all injurers; thus, in contrast to the present analysis,
illbary’s theory covers the situation where courts set negligence

tandards inefficiently. Therefore, his and our conclusions are not
irectly comparable. However, one of his conclusions differs from
urs for a reason unrelated to standards being set inefficiently: Dill-
ary concludes that but-for causation does not need amendment to
ake multiple sufficient causation into account, for when two  injur-
rs’ acts duplicately cause a given harm both acts can be said to be
he but-for cause of the harm, as neither injurer would have acted
egligently if it were not for the negligent act of the other. We
uestion this point when injurers act simultaneously, since then
hey do not know each other’s act but only guess it correctly in the
ash equilibrium.

Dehez and Ferey (2013), Ferey and Dehez (2016) and Ferey and
ehez (2016), the latter in a symposium on causation and appor-

ionment printed in Kent Law Review in 2016 (Wright et al., 2016)
nalyze the use of the Shapley value as a measure of causation
ainly in the context of sequential choice, emphasizing its desir-

ble axiomatic properties. They briefly note that the Shapley value
ay  not lead to efficiency (in a sequential setting), but are more

oncerned with fairness than with incentives.
There is a vast legal literature on causation, a list too long to out-

ine here. Some references are Hart and Honoré (1985), Peczenik
1979), and Wright (1985). Among the contributions concerned
ith multiple sufficient causation are Fischer (1992), Green and
illiams (2005), and Robertson (2009).
On off-setting benefits, we have found only the article by Porat

nd Posner (2014) within the law and economics literature. It con-
iders whether off-setting benefits should be subtracted in the
alculation of damages. In their setting, off-setting benefits occur
hen, for instance, the victim of an accident can derive income from
riting a book on the ordeals, or when the accident causes the vic-

im to change into a higher-earning career. They provide reasons
o be cautious in subtracting such benefits, but it is a premise of
heir analysis that such benefits should, in principle, be subtracted
n order to ensure optimal internalization. This premise holds in the
ontext which they consider of only one injurer, but may  not hold
hen the offsetting benefits are caused by the injurers’ negligent
cts in the context of two  or more injurers, as we  will show below.
We now illustrate our main results in two  simple examples.

17 Part of Grady’s analysis concerns the case where parties may lapse; this is not
art  of our analysis, though it is clearly relevant.
18 Grady considers the sequential case where one injurer dumps waste after
nother, but our compensation principle applies also to that case when the stan-
ard of negligence is invariant, i.e. when the second injurer’s standard of due care

s  not affected by the amount of the first injurer’s dumping.
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The question to be analyzed is whether a damages rule that fulfills
both requirements ensures efficiency.19
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4. Two  examples

The first example involves two injurers and one harmed good,
while the second example involves two injurers and more than one
harmed good.

Consider two injurers, A and B, who may  pollute a river contain-
ing fish owned by C.

B emits B does not emit(due care)
A  emits 100 dead fish 70 dead fish
A  does not emit (due care) 70 dead fish 0

In this first example, we consider fish as one good, each worth
one unit of account. It costs either party 49 units to prevent pollu-
tion. It is efficient that neither A nor B pollutes, since 70 > 49, and
100 > 98. But-for-negligence causation implies that the parties’ lia-
bilities, dA and dB, cannot each exceed 100 − 70 = 30. Hence, dA + dB

will be at most 60, which means that total liability will fall short of
the total loss of 100, which arises when both are negligent. In this
example, it is important that liabilities sum to at least 98 for if not
it will be optimal for at least one party to pollute.

This is an instance of the compensation principle to which we
shall return below. It essentially implies that if liabilities sum to
total harm, the Nash equilibrium must be efficient. In other words,
if the sum of maximal liabilities, i.e. the sum of the two  injurers’
but-for-negligence causation, is below 100, there will exist costs
of care that lead to an inefficient Nash equilibrium (such that the
parties should efficiently take care but do not).

We  consider it a contribution of this paper to link this compen-
sation principle with the topic of causation. Thus, in the example,
the Nash equilibrium is inefficient under but-for-negligence causa-
tion, and this is due to the existence of multiple (or more exactly,
duplicate) sufficient causation. Both parties sufficiently cause 70
which is why total liabilities do not sum to more than 30. From this
it can be seen if the 70, the harm duplicately caused, were seen to
be caused by the parties, e.g. shared between them in the calcula-
tion of liability, the sum of liabilities would sum to total harm of
100, and so incentives would be optimal according to the compen-
sation principle. Hence, when there are only two  injurers and only
one good (no offsetting benefit) it is enough to consider multiple
sufficient causation as part of causation for incentives to be correct
under the but-for-negligence rule.

The second example of two injurers and more than one good is
a slightly altered version of the first:

B emits B does not emit(due care)
A  emits 100 dead Z-fish 70 dead A-fish
A  does not emit (due care) 70 dead B-fish 0

We  now distinguish different kinds of fish, though we assume
for simplicity that the three different kinds are equally valuable
(each worth one unit). One can imagine that the chemicals emitted
by the two injurers counteract each other for some kinds of fish (A-
and B-fish) but kill Z-fish when emitted together. In this example,
a distinction must be made between injury in terms of goods and
harm in terms of value.

If one applies but-for-negligence causation in terms of value,
neither injurer is liable for more than 30. Incentives are then insuf-
ficient, as above. One potential solution is to ignore the offsetting
benefit in the calculation of but-for-negligence causation, or, equiv-
alently, to apply but-for-negligence causation in terms of the actual
injury to the Z-fish; this latter injury is caused by both firms such
that but-for-negligence causation amounts to the full harm for both
parties.

Under either solution, incentives will be efficient according to
the compensation principle, but liabilities will be unaffected by the
harm that occurs when only one of the injurers is negligent. We

believe this might be undesirable. If, for instance, A on his own
would have harmed 100 A-fish such that B’s negligence was  ben-
eficial (much like in nurse’s negligence in the example mentioned
in the introduction), it would seem important to provide strong
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ncentives for A to take due care (given that B might err). We  dis-
uss this further below, after having introduced and analyzed the
odel.

. The model

A single victim faces two  injurers i = A, B who choose (precau-
ionary) actions xi from the set Xi of available alternatives at cost
i(xi). These sets may  contain more than two alternatives and they
eed not be linearly ordered. This allows us to think of general
recaution measures instead of mere precaution levels or expen-
itures.

As a third but otherwise passive party, the victim is affected by
he action profile x = (xA, xB) chosen by A and B from X = XA × XB. Let
(x) denote injury in physical terms as a function of the action pro-
le x. More precisely, think of G as the set of all (discrete) physical
oods possibly being destroyed. By definition, the injury H(x) is the
ubset of G consisting of those goods that are lost at action profile
.

Two  things are particularly worth noting with regard to this def-
nition of the consequences of the acts of the two  injurers. First, we
ave in mind that the two  injurers by their acts change a status
uo, defined as what would be the state of nature in the absence of
he acts. Note that the status quo might change even if the injur-
rs both act with due care; there may  hence be injury even if the
njurers both act with due care. Second, one might formulate the
onsequences of the injurers’ acts not only in terms of goods lost
ut also in terms of goods gained. However, we shall economize on
otation by only considering goods lost and then consider gains as
oods that might have been lost in the status quo or in some other
ypothetical state, but which, as a consequence of acts undertaken
y the injurers, are not lost.

The consequences of the injurers acts can also be expressed
n value terms, i.e. as losses, rather than in terms of the injury
o physical goods. The translation from injury to monetary loss
s straightforward: Each good in G has a price and, for any sub-
et g of G, its monetary value m(g) is equal to the sum of prices of
he goods in it. With this notation, let h(x) = m [H(x)] denote the
alue of the goods H(x) lost at action profile x. This function h(x) is
eferred to as the harm function. From this function, we define the
tandards of due care x∗ = (x∗

A, x∗
B) as those acts which minimize

ocial costs s(x) = cA(xA) + cB(xB) + h(x) over all x. As the injurer may
hoose excessive precaution, we  assume that an act is only neg-
igent if it leads to greater harm for the victim than the efficient
ct would have. I.e. when j has chosen xj, i is only negligent when
(xi, xj) > h(x∗

i
, xj).

We  are now able to define rules concerning the apportionment
r damages. A damages rule ascribes damages d(x) = (dA(x), dB(x))
or each injurer given their acts x = (xA, xB). The negligence require-

ent and the causation requirement each puts restrictions on the
amages rule. The negligence requirement is that di(x∗

i
, xj) = 0 for

ll xj. causation requirement stipulates that when i is considered the
ause of harm equal to �i(x), it must be the case that di(x) = �i(x). As
he causation requirement is in fact an upper constraint on damages
e could instead have formulated it as di(x) ≤ �i(x), but since we

nalyze the extent to which a causation principle restricts incen-
19 Note that we  do not formulate a third restriction on the damages rule, namely
hat there must not be enrichment of the victim. In reality, this is a restriction that
ourts sometimes do impose, especially in civil law countries. However, there is no
eed for us to burden the analysis with this restriction, as our point will be that the
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We  now consider how �i(x) is determined by the rule of
but-for-negligence causation. We  can begin by considering the
injury (and the offsetting benefits) in the goods space. Funda-
mentally, injurer i’s deviation xi /= x∗

i
is the but-for-negligence

cause of injury Hi(xi, xj) = H(xi, xj)\H(x∗
i
, xj) which consists of those

goods that have been destroyed at actual profile x = (xi, xj) but
would have been saved, if i had not deviated. At the same
time, there may  be offsetting benefits, namely the set Oi(xi, xj) =
H(x∗

i
, xj)\H(xi, xj), which are those goods that at actual profile

(xi, xj) have not been lost but would have been, had i not devi-
ated. Injurer i’s deviation is the but-for-negligence cause of these
purely hypothetical off-setting benefits. From this description of
but-for-negligence causation in the goods space, the causation
restriction on the damages rule in value terms follows naturally.
Thus, the value of the first mentioned injury equals m

[
Hi(xi, xj)

]
=

m
[
H(xi, xj)\H(x∗

i
, xj)

]
, from which must be subtracted the value

of the off-setting benefit, m
[
Oi(xi, xj)

]
. Hence, causation in value

terms amounts to m
[
Hi(xi, xj)

]
− m

[
Oi(xi, xj)

]
which amounts to[

h(xi, xj) − h(x∗
i
, xj)

]
.20

Recall our assumption that if the injurer’s act benefits the vic-
tim, the act is not negligent. This implies that injurer i’s liability
cannot exceed �i(xi, xj) = max

[
h(xi, xj) − h(x∗

i
, xj), 0

]
and so but-

for-negligence causation implies that �i(x) = �i(xi, xj).
We say that the damages rule is compensatory at action profile

x when the victim is not worse off after damages, i.e. when

dA(x) + dB(x) ≥ �(x) = max [h(x) − h(x∗), 0]

is satisfied. It is called compensatory when it is compensatory
everywhere.

For illustration, we sometimes look at one-dimensional choice
sets where Xi is a subset of the real numbers and where the harm
function h(x) is monotonically increasing. In this case, the harm
function h(x) is called sub-modular if it increases less by an increase
in one argument when the other argument is higher (see, e.g.
Milgrom and Roberts, 1990, p. 516). In particular, for x∗

A < xA and
x∗
B < xB, this means that h(xA, xB) − h(x∗

A, xB) < h(xA, x∗
B) − h(x∗

A, x∗
B)

must hold. When the harm function is sub-modular then the
damages rule subject to but-for-negligence causation cannot be
compensatory at x = (xA, xB) for which x∗

i
< xi is true for both injur-

ers i = A, B.
In fact, when the harm function is sub-modular then

�(x) = h(x) − h(x∗) = h(x) − h(x∗
A, xB) + h(x∗

A, xB) − h(x∗) >

> h(x) − h(x∗
A, xB) + h(xA, xB) − h(xA, x∗

B) = �A(x) + �B(x)

and, indeed, this rule is not compensatory at any profile (xA, xB)
with x∗

A < xA and x∗
B < xB.

The harm function is called super-modular if it increases more
by an increase in one argument when the other argument is
higher. In this case, �(x) ≤ �A(x) + �B(x) holds for any action pro-
file x = (xA, xB) as is now shown. If x∗

A < xA and x∗
B < xB then the

claim follows by an argument that is symmetric to the one above.
If, however, xA ≤ x∗

A but x∗
B < xB then �A(xA, xB) = 0 and, hence,

�(x) ≤ �B(x) = �A(x) + �B(x) because h(xA, x∗
B) ≤ h(x∗

A, x∗
B) as fol-
lows from the monotonicity of the harm function. Therefore the
claim must hold for such profiles as well. The remaining cases can
be handled analogously. It then follows that if the harm-function is

causation requirement may in itself prevent efficiency also in the absence of the
no-enrichment rule.

20 Note that the benefits might not be hypothetical if the victim obtains some
positive benefit from an injurer’s negligence; we have excluded this possibility in
our formulation by assuming that the victim suffers only losses. It should be clear
that not subtracting such benefits is equivalent to not subtracting avoided harm.
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uper-modular then the but-for-negligence rule is compensatory
verywhere.

Finally, it might be worth being pointed out that when the harm
unction is differentiable then it is increasing if ∂h(x)/∂xi > 0 holds
or i = A, B and it is sub-modular if ∂2h(x)/∂xA∂xB < 0, whereas it is
uper-modular if ∂2h(x)/∂xA∂xB > 0 is satisfied at all profiles x.

. Compensation and efficiency

We  now show three results that tie the victim’s compensation
o efficiency.

emma  1. (i) When a negligence rule is subject to but-for-negligence
ausation then it is compensatory at unilateral deviations.

(ii) When a negligence rule is compensatory at unilateral deviations
hen the efficient profile is a Nash equilibrium.

roof. To establish claim (i), consider a unilateral deviation (xi, x∗
j
)

y injurer i. Since dj(x∗
j
, xi) = 0, by the definition of a negligence rule,

nd since di(xi, x∗
j
) = �i(xi, x∗

j
) under but-for-negligence causation,

t follows that
di(xi, x∗

j
) + dj(x∗

j
, xi) = �i(xi, x∗

j
) = �(xi, x∗

j
)

nd, indeed, this rule is compensatory at any unilateral deviation
xi, x∗

j
).

It remains to establish claim (ii). Since the negligence rule is
ompensatory at unilateral deviations (xi, x∗

j
) by i it follows that

i(xi, x∗
j ) + dj(xi, x∗

j ) = di(xi, x∗
j ) ≥ �(xi, x∗

j )

nd, hence, that

ci(xi) + di(xi, x∗
j
) ≥ ci(xi) + �(xi, x∗

j
) ≥ ci(xi) + h(xi, x∗

j
) − h(x∗) =

= s(xi, x∗
j
) − cj(x∗

j
) − h(x∗) ≥ s(x∗) − cj(x∗) − h(x∗) = ci(x∗

i
)

nd so x∗
i

is a best response by injurer i to the efficient choice x∗
j

of
he other party. As this is true for both parties i = A, B, the efficient
rofile consists of mutually best responses and, hence, it is indeed

 Nash equilibrium. This establishes claim (ii). �

This lemma confirms Shavell’s analysis (Shavell, 1980). As a sec-
nd result we show that if a negligence rule is compensatory at
very profile x then Nash equilibria must be efficient. This latter
esult we shall denote the compensation principle, as derived in
chweizer (2017) and applied in Schweizer (2020):

emma  2. Suppose the negligence rule d(x) is compensatory every-
here. Then:

(i) The efficient profile x* is a Nash equilibrium.
ii) If xN is any other Nash equilibrium then xN must also be efficient.

roof. (i) It follows from Lemma 1 that the efficient profile must
e a Nash equilibrium.

(ii) Recall that social costs amount to s(x) = cA(xA) + cB(xB) + h(x).
s xN is a Nash equilibrium, in particular, ci(xNi ) + di(xN) ≤
i(x∗
i
) + di(x∗

i
, xN
j

) = ci(x∗
i
) must hold for i = A, B. Moreover, since

A(xN) + dB(xN) ≥ �(xN) (by assumption, the rule is compensatory
t any x and, in particular, at xN), it follows that

s(xN) = cA(xNA ) + cB(xNB ) + h(xN)

≤ cA(x∗
A) + cB(x∗

B) + h(xN) − dA(xN) − dB(xN)
≤ cA(x∗

A) + cB(x∗
B) + h(xN) − �(xN) ≤ cA(x∗

A)
+cB(x∗

B) + h(x∗) = s(x∗)
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s(xN) = cA(xNA ) + cB(xNB ) + h(xN)

≤ cA(x∗
A) + cB(x∗

B) + h(xN) − dA(xN) − dB(xN)

≤ cA(x∗
A) + cB(x∗

B) + h(xN) − �(xN) ≤ cA(x∗
A)

+cB(x∗
B) + h(x∗) = s(x∗)

must hold. As x* minimizes social costs, the above inequalities must
be binding and, in particular, s(xN) = s(x*) must be true, i.e. any Nash
equilibrium is indeed efficient. �

We denote a negligence rule efficient when it satisfies (i) and
(ii) of Lemma 2. It then follows from the compensation principle
that compensatory negligence rules are efficient. We  note that the
compensation principle also holds for more than two  injurers as
every step of the proof holds for any number of injurers. It even
holds for settings where the victim is an acting party as shown in
Section 9.

The two lemmas do not tell us whether there can be an ineffi-
cient Nash equilibrium when the damages rule is not compensatory
everywhere. We  now show that while a non-compensatory dam-
ages rule does not necessarily lead to inefficiency, it can do so in
the sense that there exist cost-functions for which there will be an
inefficient Nash equilibrium.

Lemma  3. If a negligence rule is not compensatory at an action profile
xN then there exist cost functions such that xN is an inefficient Nash
equilibrium.

Proof. For a given harm function h(x), consider any two  action
profiles xN and x* with x∗

i
different from xN

i
for i = 1, 2. The damages

rule (dA(x), dB(x)) is a negligence rule and so di(x∗
i
, xj) = 0 is assumed

to hold for i = A, B and for all unilateral deviations xj from x∗
j

by the
other injurer. By assumption, the damages rule is not compensatory
at xN and so
dA(xN) + dB(xN) < �(xN) = max

[
h(xN) − h(x∗), 0

]

must hold.because the damages rule is not compensatory at xN.is
satisfied. For these cost functions, x* is the efficient action profile.
While party i is indifferent between xN

i
and x∗

i
, the profile xN is a

Nash equilibrium nonetheless. To break indifference, we  may  lower
ci(xi) by a sufficiently small amount so that xN remains inefficient.
�

The above results extend findings by Jain and Kundu (2006) to
our more general model. These authors consider one-dimensional
precaution choice and examine what they call simple liability rules.
Such rules depend exclusively on the zero-one profile of who  is
negligent and who is not. A simple liability rule is called efficient
if a Nash equilibrium exists for all applications21 and if all these
Nash equilibria are efficient. Efficient simple liability rules can be
characterized by the condition CNL of collective negligence liability
(only negligent actors are liable and harm is fully covered). In our
terminology, this means that simple liability rule satisfying condi-
tion CNL are particular instances of compensatory negligence rules
and, hence, our compensation principle (Lemma 2) applies to these
rules. Lemma 3 is a substitute for the requirement of Jain and Kundu
that the simple liability rule must be efficient for all applications.

Returning to our more general framework, we  can now show the
following result when the choice of precaution is one-dimensional.
Proposition 1. Under the but-for-negligence rule of causation, a neg-
ligence rule may  be inefficient when the harm-function is sub-modular
but it is efficient when the harm-function is super-modular.

21 For the notion of an application, the reader should consult Jain and Kundu
directly.
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roof. Consider any profile xN with x∗
i
< xN

i
for i = A, B. If the harm

unction is sub-modular then �A(xN) + �B(xN) < �(xN) as has been
hown in the previous section. Therefore, at such a profile xN, the
ut-for-negligence rule of causation cannot be compensatory and
he claim follows from Lemma  3.

If, however, the harm function is super-modular then, as has
lready been shown in the previous section, but-for-negligence
ausation is compensatory everywhere and the claim follows from
he compensation principle. �

The next result is more general, as it holds beyond one-
imensional choice sets. Let Hd(x) = H(x) ∩ H(x∗

A, xB) ∩ H(xA, x∗
B)

enote the set of duplicately caused injury, i.e. any good g ∈ Hd(x) is
ost at x but would also have been lost when only one of the parties
ad been negligent. Recall that Oi(x) = H(x∗

i
, xj)\H(xi, xj) denotes

he set of offsetting benefits. We  can then show:

roposition 2. Suppose there are two injurers. Then:
(i) If the injurers share liability for duplicately caused injury and if

ffsetting benefits are not deducted, then negligence rules that satisfy
ut-for-negligence causation are efficient.

(ii) If, at any action profile x, there are neither duplicately caused
njuries nor offsetting benefits then negligence rules that satisfy but-
or-negligence causation are efficient.

roof. It is generally true that H(x) = HA(x) ∪ HB(x) ∪ Hd(x) and,
ence, the inequality
�(x) ≤ h(x) = m [H(x)] ≤ m [HA(x)] + m [HB(x)] + m

[
Hd(x)

]

olds for all x. Therefore, if injurer i is liable for m [Hi(x)] because
ffsetting benefits are not deducted and if the two  injurers share

iability for m
[
Hd(x)

]
, the damages regime (i) is compensatory and

laim (i) follows from the compensation principle.

(x) ≤ h(x) ≤ m [HA(x)] + m [HB(x)] = �A(x) + �B(x)

olds indeed for all x when duplicately caused harm and offset-
ing benefits can be ruled out. Claim (ii) then follows from the
ompensation principle. �

To summarize: In the case of two  injurers inefficiency can come
bout only through duplicate causation or offsetting benefits; in
heir absence, but-for-negligence causation ensures efficiency. And
fficiency can also be ensured if one counts duplicate causation as
ausation while neglecting offsetting benefits.

What has just been said about the but-for-negligence rule
pplies of course also to more expansive notions of causation,
uch as the but-for-activity rule and cost-benefit rule advocated
y Grady and mentioned in footnote (8) above.

. Divisibility

We now address the consequences of limited measurability
r divisibility. For illustration, we  look at one-dimensional action
hoice x = (xA, xB) and we assume that 0 < x∗

i
< xi. We  noted above

hat when it is difficult for the defendant or the fact-finder to obtain
nformation regarding what the level of harm would have been if
n injurer had acted with due care the court may  fall back on either
he but-for-activity rule by which injurer i can be held liable for the
ifference h(xi, xj) − h(0, xj) between the actual harm and the harm
hat would have occurred if he or she had not participated in the
ctivity or on a rule of joint liability for jointly caused harm by which
ach injurer can be held liable for the difference h(xi, xj) − h(x∗

i
, x∗
j
)

etween the actual harm and the harm that would have occurred
f neither of them had acted negligently. It turns out that the con-

equences of either of these two  possibilities are easy to analyze
sing our previous results.

First, it is clear that the but-for-activity rule does not ensure effi-
iency. To see why assume that the harm function is sub-modular.
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Recall that, in this case, �A(x) + �B(x) < �(x) holds for all x with
x∗
i
< xi for i = A, B and so but-for-negligence causation is not com-

pensatory at any such profile x. While but-for-activity causation
increases liability because h(xi, xj) − h(x∗

i
, xj) < h(xi, xj) − h(0, xj), it

is easy to find examples where, nonetheless,

[h(xA, xB) − h(0, xB)] + [h(xA, xB) − h(xA, 0)] < �(x)

would still be satisfied. It then follows from lemma  3 that but-
for-activity causation need not be efficient as it may  allow for an
inefficient Nash equilibrium.

Second, it is clear from the compensation principle that if the
injurers share liability for the harm that they have jointly caused,
there can only exist efficient Nash equilibria, as there is then full
compensation of the victim.

8. Alternative notions of causation

In this section, we deal with causation based on the Shapley
value and compare it with the NESS-test. We  do so for any num-
ber I = {1, . . .,  n} of injurers. An action profile x = (. . . , xi, . . .)  ∈
X = X1 × · · · × XN now lists a precautionary action xi ∈ Xi for any
injurer i ∈ I. It costs ci(xi) for i to choose xi.

To make use of the Shapley value, we must specify a character-
istic function that assigns a numerical value v(x, S) to any coalition
S ⊂ I of injurers. In our application, this value depends on the cho-
sen action profile x. We  will make use of the characteristic function
v(x, S) = h(xS, x∗

−S) − h(x∗) and so we may  say that the deviation xS
by coalition S is the sufficient but-for-negligence cause of harm
h(xS, x∗

−S) − h(x∗).
Consider a coalition S that does not contain i. Then the marginal

contribution of i’s negligence to the harm sufficiently caused by
coalition S ∪ {i} amounts to

v(x, S ∪ {i}) − v(x, S) = h(xi, xS, x∗
−S) − h(x∗

i , xS, x∗
−S).

The Shapley value assigns to i the weighted average

Si(x) =
∑

S⊂I,i/∈S
˛i(s) · [v(x, S ∪ {i}) − v(x, S)]

of i’s marginal contributions with Shapley weights ai(s) = (n−1−s)!s!
n! .

Here s denotes the number of injurers in S.
When there are offsetting benefits, the Shapley value may

attain negative values. Since we have assumed liability to be non-
negative, we define liability apportioned according to the Shapley
value by �i(x) = max  [Si(x), 0]. Note that Si(x∗

i
, x−i) = 0 for any devi-

ation by the other injurers and, hence, the rule di(x) = �i(x) is a
negligence rule. Before showing that it is compensatory, the fol-
lowing example may  serve as illustration of the Shapley value.

First, if S is empty, then the marginal contribution by i amounts
to h(xi, x∗

−i) − h(x∗).22 It is the harm for which i’s deviation xi from x∗
i

was a sufficient cause. Second, if S ∪ {i} = I then the marginal contri-
bution of i amounts to h(xi, x−i) − h(x∗

i
, x−i). It is the harm for which

i’s deviation xi from x∗
i

was a necessary cause. Therefore, if there are
just two injurers then the Shapley weights are ˛(0) = ˛(1) = 1/2 and,
hence, Shapley causation assigns the average of the two  marginal
contributions, i.e. the average of necessarily and sufficiently caused
harm.

For any number of injurers, we can now show that:
Proposition 3. Damages di(x) = max  [Si(x), 0] apportioned accord-
ing to the Shapley value are a negligence rule that is compensatory and
hence efficient.

22 For notational simplicity, we assume that h(x*) = 0 holds in this example.
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roof. For any characteristic function, it is true that the individual
hapley values add up to the value of the grand coalition, in our case,

i ∈ ISi(x) = v(x, I) = h(x) − h(x∗) and, hence,∑

i ∈ I

di(x) =
∑

i ∈ I

max [Si(x), 0] ≥ �(x) = max [h(x) − h(x∗), 0]

olds for all action profiles x. Therefore damages di(x) apportioned
ccording to the Shapley value are compensatory at any action pro-
le x. It then follows from the compensation principle that these
amages are efficient. �

As mentioned, the NESS-test holds an injurer liable for an actu-
lly suffered injury when the injurer is a member of a coalition

 ∪ {i} whose negligent acts are sufficient for the injury and when
he injurer’s negligence is necessary for that sufficiency. In other
ords, an injurer i is liable for the loss of some good g ∈ H(x), if there

xists a coalition S not containing i so that the marginal contribu-
ion of i’s negligence to the harm sufficiently caused by the coalition

 ∪ {i} includes the good g, i.e. if g ∈ H(xi, xS, x∗
−S)\H(x∗

i
, xS, x∗

−S).
The NESS test may  hold more than one injurer liable for the loss

f one and the same good. However, the following result shows,
or any good g ∈ H(x) \ H(x*) that is lost given action profile x, at
east one injurer exists that is liable for its loss. This means that
he victim can recover all of H(x) \ H(x*) and so the compensation
rinciple applies.

roposition 4. Suppose that the victim can recover any good, for
hich at least one injurer is liable according to the NESS-test. Then

uch a damages regime is compensatory and, hence, efficient.

roof. Note that

H(x) ⊂
I⋃

i=1

{H(x∗
1, . . .,  x∗

i−1, xi, . . .,  xI)\H(x∗
1, . . .,  x∗

i−1, x∗
i
,

i+1, . . .,  xI)} ∪ H(x∗)

olds at any action profile x. Moreover, under the NESS-test, injurer
 is liable for the loss of goods from the set

(x∗
1, . . .,  x∗

i−1, xi, . . .,  xI)\H(x∗
1, . . .,  x∗

i−1, x∗
i , xi+1, . . .,  xI)

ecause, within the coalition S ∪ {i} = {i} ∪ {i + 1, . . .,  I}, the devia-
ion xi by i is necessary for the loss of such goods. It follows that the
ictim recovers any g from the set H(x) \ H(x*). This regime is com-
ensatory and, hence, efficient as follows from the compensation
rinciple. �

We shall not make a full comparison between the Shapley value
nd the NESS-test but note three significant differences.

First, as mentioned in the introduction, while the Shapley value
onsiders harm in value terms, the NESS-test considers injury in
hysical terms and in such a manner that offsetting benefits are
ot deducted. That this makes a difference can be illustrated in
he example of the doctor and the nurse. Let us assume that the
oss of life equals 10 while the loss of health equals 1 in mone-
ary terms. As the Shapley value attributes the average of marginal
arm and sufficient harm in value terms to each injurer, the doc-
or is liable for 1/2 ·10 + 1/2 · 0 =5, while the nurse is liable for
/2 · (−9) + 1/2 · 1 = −4, summing up to the total loss of 1. Since total

iability is not greater than 1, the doctor would be liable for a loss
f 1 and the nurse for zero.

By contrast, under the NESS-test, the actual injury of lost health
s caused whenever the nurse acts negligently. There are hence two
oalitions that are sufficient for the victim’s actual harm, namely
nurse, doctor) and (nurse). If in the coalition (doctor, nurse), the
octor had acted with due care, the injury would still have occurred,

o the doctor is not liable at all under the NESS-test. By contrast, if
he nurse had acted with due care, the actual harm would not have
ccurred (as the victim would have died). Therefore, the nurse is

iable for the full harm to the victim. We  conclude that in this exam-
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been a factual cause of the physical harm at the same time in
the absence of the other acts, each act is regarded as a factual
cause of the harm.
H. Lando and U. Schweizer 

ple the Shapley value and the NESS-test lead to opposite outcomes,
in part because only the Shapley value considers offsetting benefits.

Second, as pointed out by Ferey and Dehez (2016), the NESS-test
cannot ascribe degrees of causation in scenarios where some injur-
ers can be said to have contributed more to an accident than others
but where every injurer’s negligent act is a necessary element in a
sufficient set. As argued more generally by Braham and Van Hees
(2009), it may  be desirable to speak of degrees of causation rather
than to think of causation as a dichotomy.

Third, the Shapley value fulfills desirable fairness axioms. As
noted by Ferey and Dehez (2013, p. 152), if we require that the vic-
tim is fully compensated (termed efficiency in cooperative game
theory), that different players who contribute to harm in the same
way are treated the same (symmetry), and that only marginal con-
tributions to harm matters for the apportionment of causation,
must be allocated by the Shapley value. Remarkably, as shown by
Shapley (1953), the Shapley value is also the single solution that ful-
fills the requirements of linearity (if several goods are harmed in an
accident we can find a person’s causation by calculating the Shapley
values for each good and then adding them up), the requirement of
symmetry as defined above, and the requirement that a null player
not contributing to harm is attributed no causation.

9. The victim as an active party

So far, the victim has been assumed to be passive. In this sec-
tion, we extend our model to a setting where the victim must
also take a decision y from the set Y of available alternatives. An
action profile (x, y) = (x1, . . .,  xn, y) ∈ X1 × · · · × XN × Y = X × Y now
lists a precautionary action xi ∈ Xi for any injurer i ∈ I as well as
an action y ∈ Y of the victim. It costs ci(xi) for injurer i to choose
xi and cV(y) for the victim to choose y. Harm (in monetary terms)
h(x, y) is a function of the entire action profile. The standards of
care (x*, y*) are defined as those acts which minimize social costs
s(x, y) = cV(y) +

∑
i ∈ Ici(xi) + h(x, y) over all action profiles (x, y). The

profile (x*, y*) is referred to as the efficient one. Let di(x, y) denote
damages owed by injurer i to the victim as a function of the action
profile (x, y). The negligence requirement is that di(x∗

i
, x−i, y) = 0

holds for all actions x−i by the other injurers and any action y of
the victim. In the context of a passive victim we defined a compen-
satory negligence rule as one that makes the victim whole when
one or more injurers act negligently. We  now extend the concept
to an active victim by saying that a negligence rule is compensatory
when the victim is fully compensated when the victim acts with due
care. Thus, the compensation requirement is satisfied provided that
cV(y*) + h(x, y*) −

∑
i ∈ Idi(x, y*) ≤ cV(y*) + h(x*, y*) and, hence,

h(x, y∗) − h(x∗, y∗) ≤
∑

i ∈ I

di(x, y∗)

holds for all deviations x by the injurers. The following result is an
extension of lemma  2 to the setting with the victim as an active
party.

Lemma  4. Suppose the negligence rule di(x, y) is compensatory in
the above sense. Then:

(i) The efficient profile (x*, y*) is a Nash equilibrium.
(ii) If (xN, yN) is any Nash equilibrium then (xN, yN) must also be

efficient.

The proof is omitted because it can easily be adapted from that of
lemma  2. As an application, let us compare the case with one injurer

and one active victim with that of two injurers and one passive
victim. In the former case, the victim must be fully compensated
when only the injurer acts negligently as follows from the but-for-
negligence rule. In the latter case, we know from the analysis above r
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hat inefficiency can arise when the harm-function is submodular.
his means that it is not correct when citealandes1980jointLandes
nd Posner (1980, p. 518) claim that the case of two injurers and

 passive victim is analytically the same as the one between an
njurer and an active victim.

This should be kept in mind when analyzing instances of mul-
iple sufficient causation where the victim sufficiently causes the
oss, e.g. by not reading an incomplete manual. In this instance,
ncentives are efficient even when the injurer is not held liable,
ince the victim then bears the full loss.23

Next, it is shown how the Shapley value can be extended to the
etting with an active victim. The set of agents is now I+ = I ∪ {V}.
t consists of all tortfeasors and the victim. A coalition S is a sub-
et of I+ that may  but need not include the victim. For a coalition

 ⊂ I+, of which the victim is not a member, the characteristic func-
ion is defined as v(x, y, S) = h(xS, y∗, x∗

−S) − h(x∗, y∗) whereas, for
 coalition S = S′ ∪ {V} including the victim, the characteristic func-
ion is defined as v(x, y, S) = h(xS′ , y, x∗

−S′ ) − h(x∗, y∗). The Shapley
alue assigns to any party i ∈ I+ the weighted average

i(x, y) =
∑

S⊂I+,i/∈S
˛i(s) · [v(x, y, S ∪ {i}) − v(x, y, S)] .

or party i ∈ I+, the weights are now defined as ˛i(s) = (n−s)!s!
(n+1)!

here s is the number of members in S because the grand coalition
+ has now n + 1 members.

Suppose damages owed by injurer i ∈ I to the victim are defined
s di(x, y) = max [Si(x, y), 0]. Then, for the same reason as in the
odel with a passive victim, these damages constitute a negligence

ule. Moreover, since SV(x, y*) = 0 holds for any deviation x by the
njurers and since the individual Shapley values add up to the value
f the grand coalition, it follows that

 ∈ I+
Si(x, y∗) = v(x, y∗, I+) = h(x, y∗) − h(x∗, y∗)

ust hold and, hence, the damages rule based on the Shapley value
emains compensatory. It then follows from the above lemma  that
he efficient action profile is a Nash equilibrium and, if more than
ne Nash equilibrium exists, all must be efficient even if the victim

s an active party.
As a final comment, Feldman and Singh (2009) have introduced

hat they call the super-symmetric rule to demonstrate that dis-
ontinuity in the liability share is not required for efficiency. If
pplied to their setting of continuous and one-dimensional precau-
ion choice, the above rule dAB and dBA based on but-for-negligence
ausation provides an even more natural example of such a contin-
ous liability rule and it works even for bilateral harm cases. While
eldman and Singh deal with a unilateral harm model, Singh (2004)
llows for bilateral harm cases in a setting with one-dimensional
recaution choice. His condition of efficiency is closely related to
hat we  call compensatory negligence rules.

0. Comparison with precedent

We now compare court practice with our normative results.
ith regard to multiple sufficient causation, the Restatement

Third) states (§27):

If multiple acts occur, each of which under §26 alone would have
23 Multiple sufficient causation may still appear when it is an installer who fails to
ead the manual, rather than the victim.
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This rule reflects precedent to some extent. Thus, the principle
of but-for causation has often been discarded by courts in cases of
multiple sufficient causation, usually involving at most two  injur-
ers. In an early case, Cook v. Minneapolis, St. P. & S. Ste. M.  Ry.,24 two
fires, one of negligent and one of unknown origin, destroyed a prop-
erty. The court held that full liability should result if the defendant’s
fire had combined with one of ‘responsible’ (negligent) origin, but
that no damages should be asserted if the second fire was of inno-
cent origin. Of these two prescriptions, only the former has been
heeded by courts, and then not consistently. It was followed in the
case of Sanders v. American Body Armor and Equipment, Inc.25,
where the victim died from two bullet wounds, one to the abdomen
and one to the chest, both of which would have been fatal on its
own. Although the vest could not have prevented the wound to
the abdomen, the victim’s family prevailed on appeal against the
producer of the defective bullet proof vest.

It was also followed in a number of other cases listed by Green
and Williams (2005, p. 17), in which two sufficient negligent acts
were both held to be causal.

Nevertheless, it was not followed in Saunders System Birming-
ham Co. v. Adams26, where a driver leased a car with defective
brakes from the defendant; the defective brakes would presump-
tively have caused the accident if the driver had attempted to
use them, but the defendant was not considered the cause of the
pedestrian’s injury. Nor was the prescription followed in several
failure to warn cases, described by Fischer (1992), where the victim
(an installer or an end-user) did not read the incomplete product
warnings.27 Thus, American courts have often held an injurer liable
when an injurer’s negligence was ‘a material and substantial ele-
ment’ in causing plaintiff’s damage even when the other sufficient
cause was not of negligent origin.28 Our analysis lends support to
the rule that an injurer should be liable for duplicate causation
when the other sufficient cause was of negligent origin. Otherwise
circumstances may  arise where incentives will be inadequate, and
we believe it would be advisable for courts to consistently employ
a rule that works under all circumstances.

We  note, however, that when the injurers act sequentially, the
analysis can change, since it is sufficient and may  lead to a more
coherent set of rules, to hold the injurer who acts first liable. In
general, an injurer’s act is measured by the state of nature existing
at the time of his or her act.

As for offsetting benefits, Porat and Posner (2014, p. 1166)
describe court practice as messy. Yet, while courts are not entirely
consistent with regard to the question of whether the benefits that
a negligent act bestows on a victim should be off-set in the calcula-
tion of damages, subtraction seems to mainly occur when and only
when the harm and the benefit concern the same interest. This,
at least, was expressed in the Second Restatement (American Law
Institute, 1979) §92029 :

When the defendant’s tortious conduct has caused harm to the
plaintiff or to his property and in so doing has conferred a special
benefit to the interest of the plaintiff that was harmed, the value
of the benefit conferred is considered in mitigation of damages,

to the extent that this is equitable.

comment b. of which reads:

24 The following account is based in part on Boston (1995).
25 652 So.2d 883, 884 (Fla. App. 1995).
26 117 So. 72 (Ala. 1928).
27 Also, in the context of two medical doctors both failing to diagnose a patient’s

disease correctly, the doctor being the first to examine the patient has sometimes
not  been considered the cause of the patient’s death, see, e.g. Brown (2017).

28 A practice begun in Anderson v. Minneapolis, St. Paul & S. Ste. M. Ry.
29 The issue is not addressed in the Restatement (Third), see Green and Williams

(2005).
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Limitation to same interest. Damages resulting from an inva-
sion of one interest are not diminished by showing that another
interest has been benefited.  . . Damages for pain and suffering
are not diminished by showing that the earning capacity of the
plaintiff has been increased by the defendant’s act.  . . Damages
to a husband for loss of consortium are not diminished by the
fact that the husband is no longer under the expense of support-
ing the wife

Our analysis concerns the kind of off-setting benefits that occur
hen two  or more injurers counteract each other’s negligence. We

ave not found any legal cases of such interactions. What our anal-
sis suggests is that if such cases should arise, courts should be
autious in subtracting benefits, since doing so may  lead to ineffi-
ient incentives.

As for legal precedent concerning divisibility of damages, courts
ave not rarely found damages to be indivisible, not only in the
arly days of CERCLA. For instance, in Landers v. East Texas Salt

ater Disposal Co.,30 two tortfeasors emitted different amounts of
ollutants into a lake, thereby killing fish owned by the plaintiff. The
ourt considered the damages to be indivisible and held the injur-
rs to be jointly liable. Likewise, in Maddux vs. Donaldsson31, it was
eemed impossible to divide personal injury damages among neg-

igent automobile drivers in a chain collision.32 However, in other
ases, courts have attempted to divide damages by using input-
roxies such as the amounts of pollutants, their toxicity, the length
f time of exposure to harm (in the case of successive torts), or in
he case of product liability, market shares, see Boston (1995).

Our analysis suggests that if the divisibility problem leads essen-
ially to joint liability for jointly caused harm (and hence to the
bsence of individual causation requirements), incentives will be
orrect. There is of course the drawback that it may  lead to too
uch liability on injurers, who  in fact contribute only little to harm,

istorting their activity level or leading to unfair outcomes.33 Since
 policy of dividing total actual losses by causation according to
nput-proxies also leads to efficient incentives according to the
ompensation principle, such a policy therefore seems preferable
henever feasible.

1. Comments

As for limitations of our analysis, it should be kept in mind that
t focused on how the requirement of causation affects incentives;

e did not address why too expansive definitions of causation may
e undesirable. A broader theory of the optimal rule of causation
ould include effects on activity choices, as in Deffains et al. (2016),

nd might also include considerations of fairness, implementabil-
ty, and judgment-proofness.34

Moreover, we did not address the issue of equilibrium selection.
hen there are two  equilibria, one efficient and one inefficient,

he equilibrium in which both injurers act negligently is likely to
e risk-dominated by the one where both act with due care, while
he former may  Pareto-dominate the latter. Experiments indicate
hat in such coordination games with strategic uncertainty, peo-

le change behavior over time when the game is repeated. In Van
uyck et al. (1990), for instance, a majority chose what in our con-

ext is the inefficient act in the first shot of the game,35 and only

30 248 S.W.2d 731 (Tex. 1952).
31 362 Mich. 425 (1961).
32 Even when impossible to divide damages among a pre-existing condition and

 negligent act, courts have in some cases held the negligent actor fully liable; the
eading case is here Newbury vs. Vogel, 362 Mich. 425 (1961).
33 Our analysis does not address these costs of liability, see comments below.
34 See Kornhauser and Revesz (1990).
35 Interestingly, many chose acts that are not part of a Nash-equilibrium.
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over time did behavior converge towards what is the efficient out-
come in our setting. These findings suggest that inefficiency can
occur in our setting.

Our model did not include the stochastic nature of many tort
accidents. When accidents occur with only a small probability, the
inefficient equilibrium may  be eliminated if the risks are not highly
correlated, since it may  then be unlikely that the negligent acts
of two injurers will at the same time produce an accident. In this
respect, our model fits better within the context of, e.g. nuisance
or contract law. Likewise, injurers may  not always be aware of
each other’s existence and potential negligence. However, causa-
tion rules should preferably be consistent over a broad range of
situations, including non-stochastic harm (often associated with
nuisance law), highly correlated risks, and instances where the
injurers realize the existence of the other injurers and the strategic
interaction. Moreover, tort rules should arguably take into account
the possibility of hidden collusion between the injurers, which is
more of an issue when there exists a Nash equilibrium from which
no injurer will wish to deviate. Naturally, if there is collusion, the
court will hold the parties jointly liable, as it should, but collusion
may  not be detectable.

Finally, we have not analyzed the case of sequential choice,
where one injurer acts before the other (and the other knows the
choice of the former; if not, the choice can be treated as simultane-
ous). As mentioned, sequential choice raises the issue of whether
standards of due care should vary for the second injurer, depending
on the choice of the first. This is related to the question of when one
injurer’s act has become part of the state of nature which we expect
an injurer to take into account, and when we can consider their
choices game-theoretically as interdependent. We did not wish to
address these complications in depth. We  therefore also have not
addressed the issue of preemptive causation (one injurer poisoning
the victim, another injurer preempting causation by shooting the
victim), although it is similar to that of multiple sufficient causation
and can be analyzed in our framework.

12. Conclusion

We  have shown that the principle of but-for causation can
restrict damages (in tort, nuisance or contract law) to such an extent
that there are circumstances in which no efficient Nash equilib-
rium exists under a negligence rule. In the case of two  injurers this
may  occur not only when there is duplicate sufficient causation but
also when there are off-setting benefits of a kind which has to our
knowledge not been analyzed before. It occurs when one party’s
negligence lowers the impact of the other’s, as when a nurse fails
to deliver a drug wrongly prescribed a doctor. These limitations of
the concept of but-for causation can in practice be mitigated by the
courts if they consider duplicate causation as a form of causation,
if they disregard off-setting benefits, or if they react to divisibil-
ity problems by loosening individual causation, e.g. by applying
joint (solidary) liability. Our results hence indicate that modified
applications of but-for-negligence causation are likely to do well
under a broad set of circumstances involving two injurers, at least
in the sense that the applications allow for optimal incentives for
due care. However, this may  not be so for more than two injur-
ers, and we therefore considered two main alternative concepts of
causation from the perspective of our framework. We showed that
while the Shapley value and the NESS-test both achieve efficiency
when injurers act simultaneously, there are significant differences

between them. One is that the former is formulated in terms of the
injury that has actually occurred and so does not consider offsetting
benefits. Moreover, since the Shapley value also conforms to a set
of intuitive axioms, our analysis indicates that it is a theoretically

S
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ore satisfactory concept of causation than both but-for causation
nd the NESS-test.
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