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Abstract

This paper investigates the structure of liability rules from the efficiency perspective
when there are multiple victims. It is shown that, when there is one injurer and
multiple victims, there is no liability rule with the property of invariably yielding
efficient outcomes. The fact that there is no rule which is efficient for all applications
of course does not in any way preclude the possibility of a rule being efficient with
respect to some subclass of applications which may be of interest. We consider in
the paper the important subclass of applications (LA’) which are such that expected
loss of a victim depends only on the care level taken by that victim and the care
level taken by the injurer. It is shown that a sufficient condition for a one-injurer
multiple-victim liability rule to be efficient with respect to the above subclass of ap-
plications A’ is that its structure be such that: (i) whenever the injurer is negligent
and a particular victim is nonnegligent, the entire loss incurred by that victim must
be borne by the injurer; and (ii) whenever a particular victim is negligent and the
injurer is nonnegligent, the entire loss incurred by that victim must be borne by
the victim himself. In fact, for an important subclass of one-injurer multiple-victim
liability rules, characterized by the condition that the proportions in which the loss
incurred by a particular victim is to be borne by the injurer and that victim must
depend only on the nonnegligence proportions of the injurer and that victim, the
above condition is both necessary and sufficient for efficiency with respect to the
restricted subclass of applications A’.
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Efficiency of Liability Rules with Multiple Victims

Satish K. Jain

In the economic analysis of law legal rules are analyzed from the perspective of efficiency.
That is to say, the question that is asked about a legal rule is whether its structure is
such that when rational individuals act within its framework, they are induced to act
in ways so that the social outcome which comes about as a consequence of the totality
of actions undertaken by the individuals is invariably efficient. In the last few decades a
large part of contemporary law has been analyzed to determine whether the relevant legal
rules and procedures have the characteristic of always giving rise to efficient outcomes.
In the tort law, which deals with harmful interactions, an important question is how to
apportion accident loss among the parties involved in the harmful interaction so that all
the parties are induced to take socially optimal levels of care for accident prevention and
loss reduction in case of occurrence of accident. The rules which are used to apportion
accident loss among parties involved in harmful interaction, called liability rules, have
been extensively analyzed from the perspective of efficiency. The framework which has
generally been adopted for dealing with the question of efficiency of liability rules is that
of accidents resulting from interaction of risk-neutral parties. Minimization of total social
costs is taken to be the social goal. Total social costs are defined as the sum of costs of
care taken by the parties and expected accident loss. The probability of accident and the
amount of loss in case of occurrence of accident are assumed to depend on the levels of
care taken by the parties. A liability rule determines the proportions in which the parties
are to bear the loss in case of occurrence of accident on the basis of whether and by
what proportions the parties involved in the interaction were negligent. A liability rule
is efficient for a particular application iff it induces the parties to behave in ways which
result in a socially optimal outcome, i.e., an outcome under which total social costs are
minimized; and a liability rule is efficient with respect to a set of applications iff it is

efficient for every application belonging to the set.

Most of the contributions relating to the question of efficiency of liability rules have been



obtained in the context of two-party interactions involving one victim and one tortfeasor.
The pioneering contributions in the area were made by Calabresi (1961), Coase (1960)
and Posner (1972). The first formal analysis of liability rules was done by Brown (1973).
He showed that the rule of negligence and the rule of strict liability with the defense of
contributory negligence have the property of inducing both the victim and the injurer to
take socially optimal levels of care. Detailed analysis of the important liability rules is
contained in Landes and Posner (1987) and Shavell (1987). A complete characterization
of efficient liability rules has been obtained in Jain and Singh (2002). For liability rules
defined for one injurer and one victim, the main result which has emerged is that a liabi-
lity rule is efficient for all applications iff it satisfies the condition of negligence liability.
The condition of negligence liability requires that in a two-party interaction if one party is
nonnegligent and the other negligent then the entire loss, in case of occurrence of accident,

must be borne by the negligent party.

In the context of multi-party interactions, the first results were obtained by Landes and
Posner (1980). They showed that the negligence rule defined for one victim and multiple
injurers is efficient for all applications. One-victim multiple-tortfeasor context was also
analyzed in Tietenberg (1989), Kornhauser and Revsez (1989) and Miceli and Segerson
(1991). In Jain and Kundu (2006) a sufficient condition has been derived for efficiency
of any one-victim multiple-tortfeasor liability rule. It is shown there that if a one-victim
multiple-tortfeasor liability rule satisfies the condition of collective negligence liability
then it must be efficient for all applications. The condition of collective negligence lia-
bility requires that whenever some individuals are negligent, no nonnegligent individual
bears any loss in case of occurrence of accident. This condition, while sufficient for any
one-victim multiple-tortfeasor liability rule to be efficient, is also necessary for efficiency
of any simple liability rule defined for one victim and multiple injurers. Under a simple
liability rule the liability shares depend only on the negligence or otherwise of parties and
not on the extent of negligence. Most of the liability rules used in practice are simple

liability rules. An important exception is the comparative negligence rule.

Unlike the case of one victim and multiple injures, the case of one injurer and multiple
victims, arguably at least as important as the former, if not more, has not received the re-
quisite attention. The purpose of this paper is to investigate the structure of one-tortfeasor
multi-victim liability rules from the efficiency perspective. It turns out that, when there

are multiple victims and one tortfeasor, there is no liability rule which is efficient for all



applications. The fact that there is no rule which is efficient for all applications does not
of course in any way preclude the possibility of a rule being efficient with respect to some
subclass of applications which may be of interest. We consider in the paper the important
subclass of applications (A’) which are such that the expected loss of a particular victim
depends only on the care level taken by that victim and the care level taken by the injurer.
It is shown that a sufficient condition for a one-injurer multiple-victim liability rule to be
efficient with respect to subclass A’ of applications is that its structure be such that: (i)
whenever the injurer is negligent and a particular victim is nonnegligent the entire loss in-
curred by that victim must be borne by the injurer; and (ii) whenever a particular victim
is negligent and the injurer is nonnegligent the entire loss incurred by that victim must
be borne by the victim himself. In fact, for an important subclass of one-injurer multiple-
victim liability rules, characterized by the condition that the proportions in which the loss
incurred by a particular victim is to be borne by the injurer and that victim must depend
only on the nonnegligence proportions of the injurer and that victim, the above conditi-

on is both necessary and sufficient for efficiency with respect to subclass of applications A’.

The paper is divided into four sections. Section 1 sets out the framework within which the
efficiency problem is analyzed. Section 2 states and proves the impossibility theorem. The
next section contains the efficiency analysis of one-injurer multi-victim liability rules when
applications are restricted to set A’. The concluding section discusses the differences bet-
ween the efficiency conditions for one-victim multi-injurer liability rules and one-injurer

multi-victim liability rules and the reasons thereof.

1 Definitions and Assumptions

We consider accidents involving one injurer (individual 0) and n victims (individuals
1,...,n); where n > 2. Let N ={0,1,...,n} and Ny = {1,...,n}. It would be assumed
that the losses, to begin with, fall on the victims. We denote by a;,7 € N, the index of
the level of care taken by individual i. For each ¢ € N, let A; = {a; | a; is the index of

some feasible level of care which can be taken by individual i}. We assume:
Assumption Al (Vi€ N)[(Va; € Ai)(a; >0) A 0€ A

For each i € N, we denote by ¢;(a;) the cost of individual i’s care level a;. Let
Ci={ci(a;) | a; € Ai}, i € N.

We assume:



Assumption A2 (Vi € N)[¢(0) =0].
Furthermore, it would be assumed that:
Assumption A3 (Vi € N)[(Va;,a; € A))a; > a;, — ci(a;) > ci(a))]].

In other words, ¢; is assumed to be a strictly increasing function of a;,7 € N.
Assumptions (A2) and (A3) imply that: (Vi € N)(V¢; € C;)(c; > 0).

In view of Assumption (A3), for each i € N, ¢; itself can be taken to be an index of level of
care taken by individual ¢. Let m denote the probability of occurrence of accident and H; >
0 the loss to individual ¢ € Ny in case of occurrence of accident. w and H;,7 € Ny, will be
assumed to be functions of ¢g, ¢y, ..., cn; T =m(co,C1,...,¢n); Hi = Hi(co, 1, ..., ¢p). Let
L;=nH; 1€ Ny. L;,i € Ny, is thus a function of ¢g, ¢, . .., ¢,; and denotes the expected

loss to individual 7. We assume:

Assumption A4 (Y(co,c1,...,¢n),(ch, ¢, .. ) € Cox Cy x ... x Cy) (V) € N)[(Vi €

N)i#j — ca=c) Nci>c; — w(e,cr,...,00) <7, ..., 0)].

Assumption A5 (Vk € Ny)(V(co,c1,...,¢n), (¢, s oycl) € Cox Cy x ... x Cy) (V) €
NIVieN)i#j — c=c) Nc>cd — Hylc, e, cn) < Hy(ch, ey 50)]

rn

That is to say, greater care by an individual, given the care levels of all other individuals,
does not result in greater probability of accident or greater loss to some victim in case of
accident.

Assumptions (A4) and (A5) imply:

(Vk € Ny)(V(co,c1, .-y 6n), (ch, hy oy cl) € Co x Gy x ..o x Cy) (V) € N)[(Vi € N)(i #
j = ca=c)Nci>c — Lilc,cr,. .. en) < Lilcg, cyy . en)]

That is to say, greater care by an individual, given the levels of care of all other individu-

als, results, for every k € Ny, in lesser or equal expected accident loss.

Total social costs (TSC) are defined to be the sum of costs of care of all the indivi-

duals and expected losses of the victims; TSC = Yene; + Eieny, Li(co, €1, - - -, ). Total

social costs are thus a function of ¢, cq,...,c,. Let M = {(c},cy,...,c,) | Sienc, +
Yieny Li(cy, ¢y .., c) is minimum of {E;ene; + Bieny, Li(co, 1, ... cn) | (CosCry. v yCn) €
Cox Cy x...x Cy}}. Thus M is the set of all costs of care configurations (¢, ¢}, ..., c,)

which are total social cost minimizing. It will be assumed that:



Assumption A6 Cy, C4,...,Cp; Ly, Lo, ..., L, are such that M is nonempty.

*

Let (¢§,ci,...,c;) € M. Given ¢, ¢}, ..., c, we define for each i € N, function p;, p; :
Ci — [0,1], as follows:*

pi(c;) =1if ¢; > ¢f

pi(c) =% if¢; <2

Dependir;g on the liability rule, there could be legally specified due care levels for all
individuals, or for some of them or for none of them. If there is a legally specified due
care level for individual ¢,7 € N, then ¢ used in the definition of p; would be taken to be
identical with the legally specified due care level. If there is no legally specified due care
level for individual ¢ then ¢! used in the definition of p; can be taken to be any ¢} € C;

subject to the requirement that (¢, ci,...,c:) € M. Thus in all cases, for each individual

1, ¢; would denote the legally binding due care level for individual ¢ whenever the idea of
legally binding due care level for individual 4 is applicable.?

pi(c;) = 1 would be interpreted as meaning that individual 7 is taking at least the due care
and p;(¢;) < 1 as meaning that individual 7 is taking less than the due care. If p;(¢;) = 1,
individual ¢ would be called nonnegligent; and if p;(c;) < 1, individual i would be called

negligent.

A one-tortfeasor multi-victim liability rule (to be written as (1,n)-liability rule in abbre-
viated form) is a rule which specifies the proportions in which each victim’s loss is to be
divided between the injurer and the victim in question in case of occurrence of accident as
a function of proportions of nonnegligence of individuals. Formally, a (1,n)-liability rule is
a function f from [0, 1" to [0,1]", f : [0,1]""! + [0,1]", such that: f(po,p1,...,pn) =
flpo(co), pifcr), - pnlen)] = (21, ) = [21(po(co), pr(cr), - palen)), - -,

zn(po(co),pr(c1), .., pn(cn))], where z;,i € Ny, is the proportion of loss to the victim i

which is borne by victim ¢; and (1 — x;) = y;, the proportion to be borne by the injurer.

If accident takes place and losses of Hy,..., H, are incurred by victims 1,...,n respec-

tively then x1[po(co), pi(c1), ..., pu(cn)Hi(co,c1, - s¢n)s .-y znlpo(co), pi(cr), ..., pu(cy)]

H,(co,c1,...,¢,) will be borne by individuals 1, ..., n respectively; and

We use the standard notation to denote {z | 0 < x < 1} by [0, 1].
2If ¢; < ¢} then we must have: ¢f > 0; as (Vi € N)(Ve; € C;)(e; > 0).
3Thus, implicitly it is being assumed that the legally specified due care levels are in all cases consistent

with the objective of total social cost minimization. This standard assumption is crucial for results on

the efficiency of liability rules.



YienyYilpo(co), pr(c1), - .. pnlcn)|Hi(co, c1, - . ., ¢,) Will be borne by the injurer. As, to be-
gin with, in case of occurrence of accident, the losses fall on the victims

vi[po(co), p1(c1), - - ., pn(cn)]Hi(co, c1, - - ., Cq), represents the liability payment by the inju-
rer to victim 7,7 € Ny.

Victim i’s, ¢ € Ny, expected costs therefore are:

¢i + zi[po(co), pi(cr), .- . palcn)]Li(co, 1y - -y Cn);

and injurer’s expected costs are:

co + Zieny Yilpo(co), pr(cr), - -, pul(cn)]Lilco, c1y -y n).

Every individual belonging to N is assumed to regard an outcome to be at least as good
as another outcome iff expected costs of the individual under the former are less than or

equal to expected costs under the latter.

The context in which a (1,n)-liability rule f is applied is completely specified by Co, C4, . . ., Cy;
Li,...,Lpand (¢f, cf,...,c) € M. Theset of all applications < Cy, Cy,...,Cy; L1, ..., Ly;

(c5, ¢y ..y c) € M > satisfying Assumptions (A1) — (A6) will be denoted by A.

Now we introduce a condition on expected loss functions:

Victims’ expected loss functions satisfy the condition of mutual independence (CMI) iff
(Vk € Ny)(Y(co,c1y-..,¢n), (¢ Chyeoonch) € Cox Cp X ... x Cy)lco = g Neg = ¢, —
Li(co,c1y. .. 0n) = Li(cy, c)y -, )]

In other words, victims’ expected loss functions satisfy the condition of mutual indepen-
dence iff every victim’s expected loss depends only on his own care level and the care level
of the injurer.

The set of all applications < Cy, Cy,...,Cp; Ly, ..., Ly; (¢}, 5, ... ch) € M > satisfying
Assumptions (A1) — (A46) and CMI will be denoted by A’.

If victims’ expected loss functions satisfy CMI then we will write L;(co, c1,...,¢,) as

Li(Co,Ci), 1€ Nv.

Let F designate the set of all (1,n)-liability rules. Let the subclass F’ of F be defined by
the condition: (Vk € Ny)(¥Y(po, p1, - - Pn)s (Db, Py - - PL) € 10, 1] ) [po = ph Apr, = pl, —
k(Po, D1y -y Pn) = Tk(P6, DY, - -+, )] Thus, if a (1,n)-liability rule belongs to F then
the proportions in which victim £’s loss is to be divided between the injurer and victim &

in case of accident is entirely determined by the nonnegligence proportions of the injurer

41f condition CMI holds then it must be the case that the probability of accident 7 depends only on

the care level of the injurer.



and victim k.

A (1,n)-liability rule f is defined to be efficient for a given application < Cqy, Cy, ..., Cy;
Ly,.... Ly (... )€ M >iff (V(Co,C1,...,¢,) € CoxCrx...xC)[(¢,C1y ... Cn)
is a Nash equilibrium — (¢o,¢,...,¢,) € M] A (3(¢y,C1,...,¢) € Co x C1 X ... X
Cy)[(,¢1,...,¢,) is a Nash equilibrium]|. In other words, a (1,n)-liability rule is efficient
for a given application iff (i) every configuration (¢g,¢i,...,¢,) € Cop X C1 x ... x C,,
which is a Nash equilibrium is total social cost minimizing and (ii) there exists at least
one configuration (¢g,¢,...,¢,) € Cy x Cy X ... x C, which is a Nash equilibrium. A
(1,n)-liability rule is efficient with respect to a set of applications iff it is efficient for every

application belonging to that set.

The following examples illustrate some of the concepts discussed above:

Example 1 Let (1,2)-liability rule f be defined by:

(Y(po, p1,p2) € [0,11*)[[po < 1 — x1(po, p1,p2) = 0 A 22(po, p1,p2) = O Alpp =1 —
x1(po, p1,p2) = 1 A 22(po, p1,p2) = 1]].°

Consider the following application of the above rule:

Co=C1=Cy={0,1};

£1(0,0,0) = £4(0,0,1) = 2;£4(0,1,0) = £4(0,1,1) = .75;£4(1,0,0) = £4(1,0,1) =
1.25; £1(1,1,0) = £4(1,1,1) = 0;

£5(0,0,0) = L£5(0,1,0) = 2;L£5(0,0,1) = L5(0,1,1) = .75; L5(1,0,0) = Lo(1,1,0) =
1.25; £5(1,0,1) = £5(1,1,1) = 0.

(1,1,1) is the unique TSC-minimizing configuration of costs of care. Let (cf,c},ch) =
(1,1,1).
Here (1,1,1) is the only (cg, c1, c2) € Cp X Cy X Cy, which is a Nash equilibrium. The rule

is therefore efficient for the application under consideration.

Example 2 Consider the following application of the rule of Example 1:
Co=Cr=0Cy= {O, 1};
(V(Co, C1, Cg) € CO X Cl X Cg)[ﬁl(CO, C1, CQ) = EQ(CO, C1, Cg) = 2.25 — .7521-61\701-].

5This rule can be thought of as the negligence rule defined for one injurer and two victims.



(1,1,1) is the unique TSC-minimizing configuration of costs of care. Let (cf,c}, ) =
(1,1,1).
Here (1,0,0) is the only (cg, c1, c2) € Cp x Cy x Cy, which is a Nash equilibrium. The rule

is therefore inefficient for the application under consideration.

2 Impossibility Theorem

First we establish that there is no liability rule defined for one injurer and multiple victims

which invariably gives rise to efficient outcomes.

Theorem 1 There is no (1,n)-liability rule which is efficient for all applications belonging
to A.

Proof: Let f be any (1,n)-liability rule.

Consider the application belonging to A specified by:

(Vi e N)[C; ={0,1}].

Let:

T<p<

0<e< L

Let:

(Vi € Ny—{1,2})(V(co, c1,. .. ) € CoxCrx...xCy)[Li(co, ¢y - .- Cn) = BHe—eco— Pl
(Vi e {1,2})(V(co, 1, ¢n) € CoxCyx ... x Cp)[Li(co, 1y yen) =284 €—eco— Pey —
Bey).

Therefore, we obtain:

TSC(co, 1,y Cn) = BienCitEieq 0 [20+€e—eco—Per — Bea] + Eieny, — (1,2 [B+e—eco— By
=(n+2)B+ne+ (1 —nejco+ (1 —26)cr + (1 —26)co + Zieny —p1,23(1 — B)ei.

(1 —ne) >0, (1 —-20) <0and (1 —p) > 0 imply that TSC is uniquely minimized at
[co=0,c1=1,00 =1,(Vi € Ny — {1,2})(¢; = 0)].

Let [¢5=0Aci=1Ac;=1A(Vie Ny —{1,2})(cf =0)].

*

Consider the configuration (¢}, ¢, ..., ).

rn

Given that every ¢ € N,i # 1, is going to use ¢; = ¢};



If victim 1 uses ¢; = 0, his expected costs = EC,(cj,0,¢5,...,¢5) =
0+ z1[po(c5), p1(0), p2(c3), - - -, Palcy)ILa[c5, 0,65, .. ]

= z1[po(c5), p1(0), p2(c3), -, pu(c)](B +€)

< B+e as 0 < wifpo(cp), pi(0),p2(c3), - - pulcy)] <1
<l,ase<1—-p

If victim 1 uses ¢; = 1 = ¢f, his expected costs = ECY (¢, ¢}, ¢, . .. ) =
1+ xl[po(c(’;)?pl(ci)apQ(C;)v s apn(c;kz)]ﬁl[ca Cl,Coy - 762]

=1+ 5’71[190(03)7271(01)71?2(03% s 7pﬂ(c7’;)]€

> 1.

Thus, given that every ¢ € N,7 # 1, is going to use ¢; = ¢}; for victim 1 ¢; = 0 is better
than ¢; = 1 = ¢j. Therefore it follows that the unique total social cost minimizing confi-

*

guration of care levels (¢j, ¢, ..., c) is not a Nash equilibrium. f is therefore inefficient

rn

with respect to A.

3 Efficiency of Rules with Restricted Domain of Ap-
plicability

Now we introduce a condition on (1,n)-liability rules.

Condition of (1,n)-Negligence Liability [(1,n)-NL]: A (1,n)-liability rule f satisfies the con-
dition of (1,n)-negligence liability iff (V& € Nv)(¥(po, p1, - - -,pn) € [0, 1] ™H)[[po < 1Apr =
1— xk<p07p17 s 7pn) = O] A {pO =1 A pi < I — xk(p()apla s 7pn) = 1“

In other words, a (1,n)-liability rule satisfies the condition of (1,n)-negligence liability iff
its structure is such that for every k € Ny: (i) whenever the injurer is negligent and victim
k is nonnegligent then the entire loss incurred by victim & must be borne by the injurer;
and (ii) whenever the injurer is nonnegligent and victim k is negligent then the entire loss

incurred by victim k£ must be borne by victim £ himself.

In the sequel we show sufficiency of (1,n)-negligence liability for efficiency of any (1,n)-liability

rule with respect to set of applications A’.



Lemma 1 Let (1,n)-liability rule f satisfy the condition of (1,n)-negligence liability. Let
< Co,Chy. o, Coy Loy L (6,6, ch) € M > be an application belonging to A'.

rn

Then, (c§,ci,...,ct) is a Nash equilibrium.

e n

Proof: Let (1,n)-liability rule f satisfy the condition of (1,n)-negligence liability. Consider
any application < Co, C,...,Cp; Lq,..., Lp;(ch, ¢ty ..., ch) € M > belonging to A’. Sup-

r n

*

pose (¢, ¢i, ..., c) is not a Nash equilibrium. Then, for some k € N there is some ¢}, € C,
which is a better strategy for individual £ than ¢}, given that every other individual ¢
uses c;,7 € N,i # k. That is to say, if £ = 0, we must have:

(3ch € Co)lch + Tieny wilpo(ch), Pr(cD)s - Pl Lalch cf) <

b+ Tieny Ulpo(ch), p1(cD)s -+ ()] Lilch )] 1)
and if £ € Ny, we must have:

(3¢, € C)le} + 2rlpo(c), pr(cD), - Dr(ch)s - Pl Ll ) <

i+ 2ulpo(ct), pr(e), - pr(el); - Pl Ealch, )] 2)

Suppose (1) holds and ¢, < ¢.

ch < ¢y — (Vi e Ny) [yilpo(cy), pr(cy), - .., pn(c)] = 1], by condition (1,n)-NL. Therefore:
(D) Ach < = b+ Bieny Lilct, &) < ¢+ Bieny ¥ilpo(ch), pr(ch), - - Pl Li(c5, €)
— ch+ Yieny Li(ch, ¢f) < ¢+ Zieny Li(c, c)), as 0 < yi[po(ch), (i), ..., palc)] <
1,i € Ny.

Adding Yien, ¢} to both sides we obtain:

TSC(cy, ¢ty . .. cr) <TSC(c, ¢ty . . uch),

a contradiction as TSC is minimum at (¢, cf, ..., ch). (3)

N

Next suppose (1) holds and ¢, > ¢f.

First we note that [po(cf), p1(c}), ..., pn(c)] = [po(ch), p1(c}), ..., palc)] = (1,...,1). For
i € Ny, designate z;(1,...,1) by =}, and y;(1,...,1) by y}.

(1) and ¢ > ¢§ = ¢f + Bieny 47 Li(ch, ) < ¢§ + Bieny 47 Lilc, &)

=y < &+ Yiewm i [Li(c5, ¢f) — Li(ch, &)

Now, (Vi € Ny)[Li(c§, ¢;) — Li(cy, cf) > 0], as ¢ > .

As (Vi € Ny)[0 <y <1]:

o < ¢+ Bienyy; [Li(cg, ;) — Li(cp, )] = ¢ < &5 + Bieny, [Li(c5, ) — Lilcp, ¢f)]

— ¢y + Bieny, Li(cy, ¢f) < ¢+ Zieny, Li(c), ).

Adding ¥;en, ¢ to both sides we obtain:

TSC(cy, ¢ty ... ch) <TSC(c, ¢y ..., cl), a contradiction. (4)

rn

10



Next suppose (2) holds and ¢}, < ¢}, k € Ny.
¢ < cx — x[po(cs), p1(ct), -, pe(cy), - -, pu(ch)] = 1, by condition (1,n)-NL. Therefore:

@A d <t = () < ciratLalch,cb), as salpo(ed), pr(c), - o Pa(cD)s - pa(el)] =
7

— &+ Li(ch,c) < ¢+ Li(ch, cr), as 0 < xj < 1.

Adding Yien—i ¢ + Bieny —(ry Li(c, ¢f) to both sides we obtain:

TSC(ch, iy sy Ch) <TSC(ch, 5y Gyt C

*), a contradiction. (5)

Finally suppose (2) holds and ¢}, > ¢;, k € Ny.

¢ > ¢ = 2i[po(cg), p1(cl), - Prlch), -5 pal)] = Tilpo(ch), pa(cd), - pi(cR), - - pa(cl)] =
Therefore:

2) A > g — (1 =ap)g, + xile, + Li(cg, )] < (1= 2p)eq + aileg + Lelcg, ;)]

Adding Yien—gmarc; + Sieny —ry @i Li(ch, ¢f) to both sides we obtain:

(1 —azp)c), + s TSC(ch, ¢y oo Gy avch) < (L —af)cp + 23 TSC(ch, e, .. Gy e CL).

— (1 —=ap)c, < (1 —az})cr, as TSC(cS, ¢y ooy Chyovoycl) = TSC(c, ¢y Cry ey CE)
and zj, > 0.

(1 —z3)c, < (1 —zf)c; — 0<0,if (1 —=x}) = 0; a contradiction. (6)
(1 —z3)c, < (1 —2a3)c; — ¢, < ¢, if (1 —25) > 0; contradicting the hypothesis that
¢ > . (7)
(6) and (7) establish that (2) cannot hold with ¢}, > c¢;, k € Ny. (8)

(3), (4), (5) and (8) establish the lemma.

Lemma 2 Let (1,n)-liability rule f satisfy the condition of (1,n)-negligence liability. Let
< Co,Chyeo ,Cpy Loy oo L (chy ety oo ch) € M > be an application belonging to A'.

Then, (¥(o,C1,...,Cn) € Co x C1 X ... x C,)[(Co,C1,-..,Cn) 1S a Nash equilibrium —

(Co,C1y...,Cn) € M.

Proof: Let (1,n)-liability rule f satisfy the condition of (1,n)-negligence liability; and let
< Co,Cy,y ..., Cpy Lay .o Lo (5, ¢5, ..., ¢k) € M > be an application belonging to A’. Let
(€0, C1,...,Cn) be a Nash equilibrium.

(Co, 1, .. .,Cn) being a Nash equilibrium implies:

(Veo € Co)[Co + Bieny vilpo(co), p1(C1), - - - s pu(@n)] Li(co, ) <

co + Zieny Yilpo(co), p1(1), - . -, n(Cn)] Li(co, @)]; and (1)
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(VZ € Nv)(Vcl € Cz)[az + xi[po(éo),pl(él) .. 7pz< ), e 7pn(6n>]Lz(607Ez) S
¢i + zi[po(co), p1(¢1), - - -, pi(c), ..., Pn(Cn)] Li(Co, )] (2)

(1) — [+ Zieny ¥ilpo(Co),p1(C1), - - -, Pn(Cn)|Li(Co, ) <

¢y + Zieny Yilpo(cg), p1(C1), - -+, u(@n)] Li(cg, T)]. (3)
(2) — (Vie Ny)[E + zi[po(Co),pi(r), - -, pi(Ci)s -, Pn(Cn)]Li(Co,C) <
¢; +i[po(Co), pr(cr), - - -, pi(ci), -, pa(Cn)|Li(co, ¢f)]. (4)

(3) and (4) — EiENEi + ZiGNVLi(EO;Ei) S EieNC;F + Zzeviz[(v] S N — {Z})(p] =
pi(©)) AN pi = pi(c;)|Li[co, &) + Sieny uil(V5 € Nv)(p; = pi(E)) A po = po(c})]
Lilci. @) ®)

For ¢ € Ny we have:

Co < gNT < — x[(Vje N={i})p; = ;@) N pi=pi(cf)] =0 A yl(Vj e
Nv)(p; = p;(€)) N po=po(cs)] =0, by condition (1,n)-NL

Therefore, z;[(Vj € N — {i})(p; = p;(&;)) A pi = pi(c)]Lilco, €] + wil(Vi € Nv)(p; =
pi(C;)) N po = po(cy)|Lilch, e =0 (6)

Co < NGz = xi|(Vje N—={i})(p; = pi(&)) A pi =pi(c])] = 0 by (1,n)-NL
Therefore, ;[(Vj € N ={i})(p; = p;(¢;)) A pi = pi(c})]Lilco, ] + wil (Vi € Nv)(p; =
pi(©)) N po = po(cp)ILilcg, @l = wil(Vi € Nv)(pj = p;(¢;)) A po = po(cg)]Lilc5, €]

< Li[cp, il

< Li[c§, ¢f] by Assumptions (A4) and (Ab) (7)

Co > g NG < cf = yi[(V) € Nyv)(p; =pi(E)) N po=polch)] =0, by condition (1,n)-NL
Therefore, 2;[(Vj € N — {i})(p; = p;j(¢;)) A pi = pi(c))|Li[eo, ;] + wil (Vi € Nv)(p; =
pi(€;)) A po = po(cp)lLiley, @] = :[(Vj € N —{i})(p; = p(¢)) N pi = pi(c])]Li[co, ¢]]
< Ly[cg, ]

< L;[c§, ¢f] by Assumptions (A4) and (A5) (8)

CozcgNG = c; = [(VieN—={i})(p; =pi(c)) N pi=pic)] =[po=1,p1(c1),....pi =
L. pa(@)] = [(Vj € Nv)(p; = p(55)) A po = po(c5)]

Therefore, x;((Vj € N — {i})(p; = pj(¢;)) N pi = pi(c])|Li[co, ci] + wil(Vi € Nv)(p; =
p;(€;)) A po = polcy)|Lileg, ] < zi[(Vi € N —{i})(p; = p;i(€;)) A pi = pilc})|Li[cg, ¢;] +
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yil(V5 € Nv)(p; = p;(¢;)) A po = polcg)]Lilcg, ¢;], by Assumptions (A4) and (A5)

)

= Lilcg, ;] (9)

In view of (6)-(9), (5) implies:
YienCi + Xieny Li(Co, ¢) < Tienc} + Zieny Lilcp, ]
— TSC(¢,¢1,...,¢,) <TSC(c}, ¢, ..., ).

As TSC is minimum at (¢}, cf,...,c), we in fact must have: TSC(¢y,¢4,...,¢,) =

rn

TSC(ch, ety ..., c), which implies that (¢, ¢, ...,¢,) € M. This concludes the proof.

Theorem 2 If (1,n)-liability rule f satisfies the condition of (1,n)-negligence liability
then it is efficient with respect to A’.

Proof: Let (1,n)-liability rule f satisfy the condition of (1,n)-negligence liability. Let
< Co, Chyoo,Cry Lay .o Lo (8, ¢y ..., ¢k) € M > be any application belonging to A’

' n

Then, (¢}, cf,...,c) is a Nash equilibrium by Lemma 1, and we have: (V(¢,¢1,...,¢,) €

Co x Cy X ... x Cp)|(¢y,¢1,...,¢,) is a Nash equilibrium — (¢, ¢,...,¢,) € M] by
Lemma 2; establishing efficiency of f with respect to A’.

By Theorem 2, the condition of (1,n)-negligence liability is a sufficient condition for any
(1,n)-liability rule to be efficient with respect to A’. Applications belonging to .4’ have the
characteristic that expected loss of a particular victim depends only on his own care level
and the care level of the injurer. When expected loss of a victim depends only on his own
care level and the care level of the injurer, the use of a (1,n)-liability rule belonging to F’
seems particulary appropriate, where the proportion of loss that a particular victim has to
bear depends only on the nonnegligence proportions of the injurer and the victim in que-
stion. The next theorem shows that if we consider the subclass F of (1,n)-liability rules
then the condition of (1,n)-negligence liability is both necessary and sufficient for efficien-
cy with respect to A’. In other words, the rules in F’ which are efficient with respect to A’
are characterized by the condition of (1,n)-negligence liability. Whether (1,n)-negligence
liability is necessary for any (1,n)-liability rule belonging to F to be efficient with respect

to A’ is an open question.

Theorem 3 Let f be a (1,n)-liability rule belonging to F'. Then f is efficient for every
application belonging to A’ iff it satisfies the condition of (1,n)-negligence liability.
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Proof: Let (1,n)-liability rule f belong to F'. Suppose f violates (1,n)-NL. Then we must
have:

(Fk € Nv)(3(po, p1s-- - pn) € [0, 1" )lpo < LA pr = LA xk(po,p1,- -+, Pn) > 0]V [po =
LA p < LA Y(po, p1, - - -, pn) > 0]].

First suppose (3k € Ny)(3(po, p1, - - 0n) € [0, 1] [po < 1APL = LAZk (Do, P15 - - -, Pn) >
0].

Let this py < 1 be designated by p,. As f belongs to F’, it follows that: we must have
zk(po = Dy, (Vi € Ny)(p; = 1)] =7 > 0.

Now consider the application belonging to A’ specified below:

Let t > 0.

Choose 11,79 such that (1 —Zp)t =y,t <r; <ry <t.

Let ¢y = 1%0.

Let (Vj € Ny)(¢; >0A6; > 0).

Choose € such that: 0 < e < ==L,

Let: Cy = {0,990, %0 }; Cr = {0,¢}; (Vi € Ny — {k})[C; = {0,¢;}].

Let Li(co, cx) and L;(co, ¢;),1 € Ny — {k}, be as specified in the following arrays respec-

tively.®

Ck
0 e
0|+ 0+ 20 ¢ 204y
o PoCo Cr 0+t t
% Cr + O 0

G
0 e
0C+0;+20 e P04
co  PoCo Ci+0;+e €
% G+ 6; 0

(Vj € Ny)(0; > 0) and t > 7o imply that (Vi € N)(¢; = ¢;) is the unique total social cost

6Specifications of Ly (co,cx) and L;(co,¢;),i € Ny — {k}, are done in such a way that no inconsistency

would arise even if p, = 0.
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minimizing configuration of care levels.

Let (¢, ¢ty ..., ch) = (Vi € N)(¢; =@).

Now, given that every ¢ € N,i # 0, is using ¢; = ¢;

If the injurer uses ¢y = ¢, then his expected costs = ECy(¢o, ¢, ...,Cn) = Co, as (Vi €
Ny )(Li(,¢) = 0)

If the injurer uses ¢y = P,Co, then his expected costs = ECy(pyCo, C1, - - -, Cn) = PoCo+ Uxt +
Yieny —(1p¥i(Po, 1, ..., 1)e.

ECy(Cy, ¢, ..., Cn) — ECy(PyCo, 1, - -, Cn) = Co — [DoCo + Uit + Lieny — i3 ¥i(Po, L, - -, 1)e]
> (1 =Pg)t — Ypt — (n— 1)e

> (1 =Dpy)co — Yyt — (r2 — 11)

=11 =Yl

> 0.

Thus, given that every ¢ € N,i # 0, is using ¢; = ¢, for the injurer ¢y = p,cy is better
than ¢y = ¢y. Thus the only TSC-minimizing configuration is not a Nash equilibrium.

This establishes that f is not efficient with respect to A’. (1)

Next suppose that: (Ik € Ny)(F(po,p1,---»pn) € [0,1]"Npe =1 A p. <1 A
Yx(po, p1, -, pn) > 0.
Let this pr, < 1 be designated by p,. As f belongs to F', it follows that: we must have

y|(Vi e N —{k})(pi =1) Ap =Di) =7, > 0.

Now consider the application belonging to A’ specified below:

Let t > 0.

Choose r such that (1 — 7, )t =Tkt <r < t.

Let ¢, = ﬁ.

Let (Vi € Ny —{k})(@ > 0N >0).

Choose ¢y and € such that: 0 < %0 < €.

Let: Cp ={0,%}; (Vi € Ny — {k})(C; = {0,¢;}); C, = {0, p).Ck, Ck }-

Let Li(co,cx) and L;(co, ¢;),i € Ny — {k}, be as specified in the following arrays respec-
tively.”

"Specification of Ly (cg,ck) is done in such a way that no inconsistency would arise even if p,, = 0.
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Ck
0 DiCrk  Ck

O0|ppCr +t+e t+e €

Co
Co DiCr + 1 t 0
G
0 ¢
0|C+0;+e €
Co

Co ¢G+d6; 0

¢y < ne, (Vi € Ny —{k})(d; > 0) and ¢t > r imply that (Vi € N)(¢; = ¢;) is the unique
total social cost minimizing configuration of care levels.

Let (¢§,ci,y...,ct) = (Vie N)(¢; =7¢).

Now, given that every ¢« € N,i # k, is using ¢; = ¢};

If victim k uses ¢, = ¢, then his expected costs = EC(¢, 1, . .., Cn) = Ck, as Lx(Co, Cx) =
0

If victim k uses ¢y = PiCk, then his expected costs = ECk(Co,C1, ..., DpChy---,Cn) =
PiCr + Tit.

ECy(C0, @1, -, Chy - -+ ) — ECk(Co, T, o, PyChy - - - Cn) = i — Dy — Tl

=T —Ekt

> 0.

Thus, given that every ¢« € N,i # k, is using ¢; = ¢, for victim k ¢, = D¢, is better
than ¢, = ¢,. Thus the only TSC minimizing configuration of care levels is not a Nash

equilibrium. This establishes that f is not efficient with respect to A’. (2)
(1) and (2) establish the necessity of (1,n)-negligence liability for a rule belonging to F’

to be efficient with respect to A’. The sufficiency of (1,n)-negligence liability for a rule
belonging to F’ to be efficient with respect to A’ follows from Theorem 2.
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4 Concluding Remarks

In the context of one victim and multiple injurers there exist liability rules which are
efficient for all applications. On the other hand, as shown in this paper, there are no lia-
bility rules which are efficient for all applications when there are multiple victims and one
injurer. The reason for this difference lies in the fact that for efficiency what is required
is that all parties involved internalize the totality of harm resulting from the interaction.
This is possible when there are multiple injurers and one victim; but not when there are
multiple victims and one injurer. Regardless of how much care is taken by a victim, he
can at most be made to bear his own loss in entirety; but not any part of loss incurred
by another victim. There are contexts in which the loss that a particular victim suffers
depends not only on the care taken by himself and the injurer but also on the care levels
of other victims. In such situations, given that the victims can at most be made to bear
their own losses in entirety, there is no way that a victim could be made to internalize the
loss incurred by another victim. Consequently, unlike the case of one victim and multiple
injurers, in the case of one injurer and multiple victims one gets an impossibility theorem.
If one considers only those applications where expected loss of a victim depends only on
his own care level and the care level of the injurer, but not on the care level of another
victim, then it becomes possible to make all parties internalize all losses which they are

in a position to affect; and one obtains possibility theorems.

It is of some interest to note that, like the condition of collective negligence liability®,
the condition of (1,n)-negligence liability can also be regarded as a generalization of the
condition of negligence liability®. As is the case with the condition of collective negligence
liability, the condition of (1,n)-negligence liability also reduces to that of negligence lia-

bility when there are only two parties, one victim and one injurer.

8A liability rule defined for one victim (individual 1) and multiple injurers (individuals 2,...,n + 1)
satisfies the condition of collective negligence liability iff (V(p1,...,pns1) € [0,1]" ) [(p1,- .- Prs1) #
(1,...,1) — Vi € {1,2,....n+1}(p; =1 —  z;(p1y-. -, Pnt1) = 0)], where x;,1 €
{1,2,...,n + 1}, denotes the share of the loss incurred by the single victim to be borne by individu-

al 4; and Yic10,. np13 i = 1.
9A liability rule defined for one victim (individual 1) and one injurer (individual 2) satisfies the

condition of negligence liability iff (V(p1,p2) € [0,1]})[[p1 < 1Ap2=1— z1(p1,p2) =1 A[p1 =1Ap2 <
1 — x9(p1,p2) = 1]], where z;,7 € {1,2}, denotes the share of the loss incurred by individual 1, the

victim, to be borne by individual 7; and ¢y oy2; = 1.
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From the results of this paper it is clear that there does not exist any liability rule defined
for multiple injurers and multiple victims which is efficient for all applications. However,
from the results which have been obtained regarding the efficiency of liability rules de-
fined for one victim and multiple injurers and the results of this paper, it appears that,
if efficiency is considered with respect to A’, then possibility results should obtain for

multi-injurer multi-victim liability rules.
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