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Characterization of Efficient Simple Liability Rules with Multiple
Tortfeasors

Satish K. Jain
Rajendra P. Kundu

Most of the results of the law and economics literature 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 main conclusion that has emerged is that while various
negligence rules as well as the rule of strict liability with the defense of contributory
negligence are efficient, the rules of no liability and strict liability are not.! The rules of
negligence and strict liability with the defense of contributory negligence, however, have
been analyzed in the context of one victim and multiple injurers as well.? It has been
shown that while negligence is efficient in the context of multiple injurers, the rule of strict
liability with the defense of contributory negligence is not.*> An important implication of
this is that the efficiency of a rule is not independent of the number of tortfeasors. In this
paper we consider the entire class of simple liability rules, when there are multiple tort-
feasors, and get a complete characterization of efficient simple liability rules by obtaining
a necessary and sufficient condition for efficiency of any simple liability rule. A liability
rule determines the proportions in which the parties involved in the interaction bear the
loss in case of occurrence of accident. A simple liability rule determines the proportions in

which various parties bear the loss in case of accident as a function of whether and which

!There is an extensive literature on the efficiency of liability rules. Pioneering contributions by
Calabresi (1961, 1965, 1970) dealt with the effect of liability rules on parties’ behaviour. The efficiency of
the rule of negligence was analyzed by Posner (1972). The formal analysis of some of the most important
liability rules was first put forward by Brown (1973). He showed that the rule of negligence as well as
the rule of strict liability with the defense of contributory negligence induce the victim and the injurer
alike to take optimal levels of care. Systematic and detailed treatment of liability rules is contained in
Shavell (1987) and Landes and Posner (1987). A complete characterization of efficient liability rules has

been obtained in Jain and Singh (2002).
2The basic result showing the efficiency of the rule of negligence with one victim and multiple injurers

is due to Landes and Posner (1980). Multiple-tortfeasor context was also analyzed in Tietenberg (1989),
Kornhauser and Revsez (1989) and Miceli and Segerson (1991). Landes and Posner (1987), Shavell (1987)

and Miceli (1997) provide formal treatment of the topic.
3To be precise, one should speak of the class of negligence rules and the class of strict liability with

the defense of contributory negligence rules rather than of the rule of negligence and the rule of strict

liability with the defense of contributory negligence.



parties are negligent in the sense of having levels of care below the due care levels. Most
liability rules used in practice, including the rules of negligence and strict liability with
the defense of contributory negligence, are simple liability rules. An important exception
is the rule of comparative negligence, under which the liability may depend on the extent
of negligence as well in case both the victim and the injurer are negligent.

A liability rule is efficient if it induces all parties to take care levels which are total
social cost minimizing. Total social costs are defined to be the sum of costs of care taken
by all the parties and expected accident loss. In order to show that a liability rule is
efficient one has to show that (i) all Nash equilibria are total social cost minimizing and
(ii) that at least one Nash equilibrium exists.* In the presence of the assumption that
there is a unique configuration of care levels which is total social cost minimizing, an
assumption usually made in the literature, the question of efficiency of a liability rule
reduces to the question of whether the configuration of total social cost minimizing care
levels of the parties constitutes a unique Nash equilibrium or not. In this paper, while
retaining most of the assumptions of the standard framework within which the question of
efficiency of liability rules has been discussed in the literature, the problem is considered
in a somewhat more general context. No assumptions are made on the costs of care and
expected loss functions apart from postulating that they are such that the minimum of
total social costs exists, and that a higher level of care never results in greater expected
loss. The possibility that there could be more than one configuration of care levels at
which total social costs are minimized is not ruled out.

The main result of the paper shows that a necessary and sufficient condition for
efficiency of any simple liability rule is that it satisfy the condition of collective negligence
liability. The condition of collective negligence liability, introduced in this paper, requires
that if at least one party involved in the interaction is negligent then no party which is
nonnegligent bears any liability in case of occurrence of accident. An immediate corollary
of the above general characterization theorem is that when there are multiple tortfeasors
every variant of the rule of negligence is efficient. Interestingly, it also follows that not all
versions of strict liability with the defense of contributory negligence in a multi-tortfeasor

context are inefficient.®

4Throughout this paper we consider only pure-strategy Nash equilibria.
5The observation that not all variants of the rule of strict liability with the defense of contributory

negligence in the multi-tortfeasor context are inefficient was first made by Kornhauser and Revsez (1989).
The general characterization theorem proved in this paper enables one to demarcate the efficient variants
of the rule of strict liability with the defense of contributory negligence from those variants which are

inefficient.



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 general characterization
theorem. The next section contains a brief discussion of the rules of negligence and
strict liability with the defense of contributory negligence in the light of the general
characterization theorem. The discussion pertains to the reasons because of which while
all variants of negligence rule in a multi-tortfeasor context are efficient, all variants of
strict liability with the defense of contributory negligence are not. We conclude in section
4 with some remarks on the efficiency question for the class of all liability rules in the

multi-tortfeasor context.

1 Definitions and Assumptions

We consider accidents involving one victim (individual 1) and n injurers (individuals
2,...,n+1); where n > 2. It would be assumed that the entire loss, to begin with, falls
on the victim. We denote by a;,7 = 1,...,n + 1, the index of the level of care taken by
individual i. Let N = {1,...,n+ 1}. For each i € N, let A; = {a; | a; is the index of

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

For each ¢« € N, we denote by ¢;(a;) the cost of individual i’s care level a;. Let C; =

{ci(a;) | a; € A;}, i € N. We assume:

Assumption A2 (Vi € N)[(V¢; € C;)(¢; > 0) A ¢(0) =0].
Furthermore, it would be assumed that:

Assumption A3 (Vi € N)[(Va;,a; € A))[a; > a;, — c¢i(a;) > ¢i(a))]].

In other words, ¢;,7 € N, is assumed to be a strictly increasing function of a; . In view
of this assumption, for each i, ¢; itself can be taken to be an index of level of care taken
by individual i. Let m denote the probability of occurrence of accident and H > 0 the

loss in case of occurrence of accident. Both m and H will be assumed to be functions of

ClyovosCpp1; T=1(c1,. .o 1), H=H(cy,...,cny1). Let L =mH. L is thus a function
of e¢1,...,¢ny1, L = L(cq, ..., cuy1); and denotes the expected loss due to accident. We
assume:

Assumption A4 (Y(ci,...,¢n41), (¢1s oo i) € Cix. .. xChyqr) (Vi € N)[(Vie N)(i #

j oo a=d) A >d = Lien i) < L(ch o dy)].



That is to say, it is assumed that greater care by an individual, given the levels
of care of all other individuals, results in lesser or equal expected accident loss. The
decrease can take place because of decrease in the probability of occurrence of accident
or because of decrease in loss in case of occurrence of accident or both. Total social
costs (TSC) are defined to be the sum of costs of care of all the individuals and the
expected loss due to accident; TSC = [Y;enc] + L(cy, ..., cny1). Total social costs are
thus a function of ¢i,...,¢co1. Let M = {(c},..., ) | [Bienc] + L(c), ... chpy) is
minimum of {[X;enc] + Lcr,...,¢ht1) | ¢ € Ciyi € N} Thus M is the set of all
costs of care configurations (c},..., ¢, ;) which are total social cost minimizing. It will

be assumed that:
Assumption A5 C,...,C,11, and L are such that M s nonempty.

Let (ci,...,c,.1) € M. Givenc;, ..., ¢, we define for each i € N, function p; as follows:
pi: C; — {0,1}
pi(ci) =1if ¢; > ¢f
pi(c;) =0if ¢; < .

Depending on the simple liability rule, there could be legally specified due care levels
for all individuals, or for some of them or for none of them. If the simple liability rule
specifies the 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 the liability
rule does not specify the due care level for individual ¢ then ¢ used in the definition of
p; can be taken to be any ¢; € C; subject to the requirement that (cj,...,c, ;) € M.
Thus in all cases, for each individual 7, ¢; would denote the legally binding due care level
for individual ¢ whenever the idea of legally binding due care level for individual 7 is
applicable.’

pi(c;) = 1 would be interpreted as meaning that individual 7 is taking at least the due
care and p;(¢;) = 0 as meaning that individual 7 is taking less than due care. If p;(¢;) = 1,
individual ¢ would be called nonnegligent; and if p;(c;) = 0, individual ¢ would be called
negligent.

Let I denote the closed interval [0,1].7 A simple liability rule is a rule which specifies

the proportions in which n + 1 individuals are to bear the loss in case of occurrence of

6Thus, 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.
"In addition to denoting the set {z | 0 < = < 1} by [0, 1], we use the following standard notation to

denote:
by [0,1) the set {z | 0 <z < 1},



accident as a function of whether and which individuals are negligent. Formally, a simple
liability rule is a function f from {0,1}"™ to 1", f : {0,1}"™ — 1" such that:
fo1s - ppsr) = flpicr), o pasa(Cnen)] = (@1, @ng1) = [ma(pa(ar), - - Poga(Cnrn),
ooy Tpsr(pr(cr), - ooy Pryi(Cnsr))], where X;ena; = 1. If accident takes place and loss of
H(cy, ..., cny1) materializes, then x[pi(c1), ..., pos1(cny1)|H(cr, . .., cnr1) will be borne
by individual 7. As, to begin with, in case of occurrence of accident, the entire loss falls
upon the victim (individual 1), x;[pi(c1), ..., Pas1(cnr)]H(c1, . . Cnr1), 1 € {2,...,n+
1}, represents the liability payment by injurer i to the victim. The victim’s expected costs
therefore are:

citLicy, ... 7Cn+1)—2?i21$i[p1(01)7 s Prga(eni)]Le, - -5 enga) = et [pi(er), - oo Do
(cni1)]L(c1y .o Cngt).

Every individual is assumed to regard an outcome O to be at least as good as another
outcome O, iff expected costs for the individual under O; are less than or equal to expected
costs under O.

Given C,...,Cpy1, L and (cf,..., ¢, ;) € M satisfying (A1) - (A5), a simple liability
rule f is efficient iff (V(¢1,...,G41) € C1 X ... X Cyy1)[(G1, ..., Cry1) is a Nash equilibrium
— (C1,...,Chz1) € M| A (3(C1,...,Cns1) € C1 X ... X Cyy1)[(€1, ..., Cry1) is a Nash
equilibrium|. A simple liability rule f is defined to be efficient iff for every possible choice
of Cy,...,Chq1, L and (cf, ..., ¢ ;) € M satisfying (A1) - (A5), f is efficient.

In other words, given Cy,...,Cpy1, L and (c], ..., ¢, 1) € M satisfying (A1) - (A5), a
simple liability rule f is efficient iff (i) every Nash equilibrium is total social cost minimiz-
ing and (ii) there exists at least one Nash equilibrium. A simple liability rule is efficient iff

it is efficient for every possible choice of C1, ..., Cyhy1, L and (c], ..., ¢, ) € M satisfying
(A1) - (A5).

Remark 1 [t should be noted that if (A5) is not satisfied then no simple liability rule can
be efficient.

When one considers the class of all simple liability rules, with respect to Nash equilibria

all possibilities are open as the following examples show:
Example 1 Let N ={1,2,3},C; = Cy = C3 = {0, 1};

f(O,(),O) = f(0,0, 1) = f(O, 1,0) = f((), 1, 1) = (1,0,0), f(l,0,0) = f(l,O, 1) = f(l, 1,0)
= f(17 1, 1) = (07 %7 %)7

by (0,1] the set {z | 0 < z <1}, and
by (0,1) the set {z |0 <z < 1}.



L(0,0,0) = 3.5,L(0,0,1) = L(0,1,0) = 2,L(1,0,0) = 3,L(0,1,1) = .5,L(1,0,1) =
L(1,1,0) = 1.5, L(1,1,1) = 0.

(0,1,1) is the unique TSC-minimizing configuration of costs of care. Let (¢, ch, c}) =
(0,1,1).

Here (0,0, 0), which is not TSC-minimizing, is the only Nash equilibrium.

Exzample 2 Let N ={1,2,3},C, = Cy = C3 ={0,1};

£0,0,0) = £(0,0,1) = £(0,1,0) = £(0,1,1) = (1,0,0), £(1,0,0) = (0,1, ), f(1,0,1) =
(0,1,0), £(1,1,0) = (0,0,1), f(1,1,1) = (0,3, );

L(0,0,0) = 3.5,L(0,0,1) = L(0,1,0) = 2,L(1,0,0) = 3,L(0,1,1) = .5,L(1,0,1) =
L(1,1,0) = 1.5, L(1,1,1) = 0.

(0,1,1) is the unique TSC-minimizing configuration of costs of care. Let (cf,ch, cl) =
(0,1,1).

Here (0,1, 1), which is TSC-minimizing, is the only Nash equilibrium.

Example 3 Let N ={1,2,3},C; = Cy = C3 = {0, 1};

£(0,0,0) = £(0,0,1) = £(0,1,0) = £(0,1,1) = (1,0,0), £(1,0,0) = £(1,0,1) = f(1,1,0) =
FL1L1) = (0,4, 1)

L(0,0,0) = 8,L(0,0,1) = L(0,1,0) = 6.2,L(0,1,1) = 3,L(1,0,0) = 5,L(1,0,1) =

L(1,1,0) = 3.2, L(1,1,1) = 0.

(1,1,1) is the unique TSC-minimizing configuration of costs of care. Let (cf,ch, cl) =

(1,1,1).

Here both (1,0,0), which is not TSC-minimizing, and (1, 1, 1), which is TSC-minimizing,

are Nash equilibria.

Ezxzample 4 Let N ={1,2,3},C, = Cy = C3 ={0,1};

£(0,0,0) = f(0,0,1) = f(0,1,0) = f(0,1,1) = (1,0,0), f(1,0,0) = (0, %,%),f(l,o, 1) =
(0,5, 77), £(1,1,0) = (0, 3%, 2), f(1,1,1) = (0, £, 2);

L(0,0,0) = 13,L(0,0,1) = L(0,1,0) = 11.5,L(0,1,1) = L(1,0,0) = 10, L(1,0,1) =
L(1,1,0) = 85,L(1,1,1) = 7.

(1,1,1) is the unique TSC-minimizing configuration of costs of care. Let (cf,ch, cl) =
(1,1,1).

Here there is no Nash equilibrium.
2 Characterization of Efficient Simple Liability Rules

Condition of Collective Negligence Liability (CNL): A simple liability rule f satisfies the



condition of collective negligence liability iff (V(p1, ..., pns1) € {0, 13" ™) [(p1, .-, Pry1) #
(1,...,1) —- (MieN)(pi=1 — zi(p1,.--,Pnt1) =0)].

In other words, a simple liability rule satisfies the condition of collective negligence liability
iff its structure is such that whenever some individuals are negligent, no nonnegligent

individual bears any loss in case of occurrence of accident.

Lemma 1 If a simple liability rule satisfies condition CNL then for any arbitrary choice
of C1,...,Cpy1, L and (c3, ..., ¢, 1) € M satisfying (A1) - (A5), (ci,...,chyq) is a Nash

equilibrium.

Proof: Let simple liability rule f satisfy condition CNL. Take any C4,...,C, 1, L and
(¢i,...,chyy) € M satisfying (A1) - (A5). Denote f(1,...,1) by (z7,...,25,,). Suppose
(¢f,...,¢, 1) is not a Nash equilibrium. Then, for some k € N there is some ¢}, € Cj
which is a better strategy for individual k£ than cj, given that every other individual j
uses ¢;,j € N, j # k. That is to say:

(3k € N)(3c), € Cr)[c,+zrlpi(cy), - - (), - - Psa () IL(E, oy Chy oo Chyy) < it
2elpr(€D), - D) Pt (o DA - )] (1.1)

First consider the case: ¢} < c;.

If ¢}, < ¢ then: zx[pi(c}), ..., pk(c)), - - Pas1(ciiq1)] = 1, by condition CNL. Therefore:

1
(1.1) — ¢, +L(c], ..., Cy- vy Chyy) < cp+apL(cy, ..., Chyny Cryy)
As 0 < z; < 1, we obtain:

¢+ L(ct,. ... ¢y Chy) <+ L(cT, ..., Cpq).

Adding Yjen— (k)¢ to both sides of the above inequality one obtains:

[Ejen—myCilHc+Lict, o Chyev s i) < [Bjenci]+L(cT, . chin)- (1.2)
Inequality (1.2) says that total social costs at (c7, ..., ¢, ..., ) are less than total social
costs at (cj,...,c},,). But total social costs attain their minimum at (cj,...,c} ).

This contradiction establishes that if ¢}, < ¢} then (1.1) cannot hold. (1.3)

Next consider the case: ¢ > cj.

If ¢}, > ¢} then:

(1.1) — o +apL(ct, ... ¢y Coy) < G+ apL(c, .. chy),

as w[pi(ci), ., or(ch)s - Prsa ()] = 21

Adding ;3¢ N-{k}€; to both sides of the above inequality one obtains:

(1= e)ch + 2 [Sjen—g€] + 6+ Lchree s choochn)] < (1 2h)ch + abl[Sjene] +
Lich,. .. cp)l.



As the minimum of total social costs = [Sjenci] + L(c], ..., ¢,), it must be the case
that:

[Ejen—m &Gl + ke + L(cT, - G-y ) 2 [Bjeneg] + L(cf, o )

and consequently:

oA [Sjen- ] + ot L o s chn)] 2 @ [Sjenes) + LIk, )]

Therefore we conclude:

(1= ), < (1 - a)ef.

If (1 —x}) > 0, then ¢, < ¢}, contradicting the hypothesis that ¢}, > c¢}. If (1 —z}) =0,
then we obtain 0 < 0, a contradiction.

This establishes that if ¢}, > ¢; then (1.1) cannot hold. (1.4)
(1.3) and (1.4) establish the lemma.

Lemma 2 If a simple liability rule satisfies condition CNL then for every possible choice
of C1,...,Cpy1, L and (c3, ..., ¢, 1) € M satisfying (A1) - (A5): (V(C1,...,Cnp1) € Cp X

oo X Coy1) (@1, ..., Cry1) 18 a Nash equilibrium — (¢1,...,¢y1) € M].

Proof: Let simple liability rule f satisfy condition CNL. Take any C4,...,C, 1, L and
(c],...,¢ 1) € M satistying (A1) - (A5). Let (¢1,...,Cy11) be a Nash equilibrium.

(€1,...,Cnt1) being a Nash equilibrium implies:
(Vi e N)(Ve; € Cy)[ei+ai(pi (@), - - - s Prga (Cag1) ] L(Cr, - - - Crir) < ciFai[pi(@r), - .. pilc),
'~7pn+1(6n+1)]L<617--wci;”-aEn—&—l)]- (21)

(21) = (Vi € N)[ci+z[pi(1), - - -, Prs1(Cur1)]L(Crs - oo Cot1) < G Fmlpi(@), .-, pi(c]),
.. ,pn+1(En+1)]L<El, . ,C:, e 7En+1)}- (22)

(22) — [Bienal+L(cr, ... 1) < [Bienci]+Sienai[(Vj € N—{i})(p; = p; () A pi =
B(eDIEIY) € N = {i})(es = %) A @ = cll (23)
as Mienti[p1(C1), -+ Pny1(Cos1)] = 1.

Designate f(1,...,1) by (z1,...,2} ). Let {i € N | ¢ < ¢f} be designated by Np.

First consider the case when Ny = ¢.

No=¢ — (VieN)cizci N xi[(Vj e N—{i})(p; =p;(&)) A pi=pi(c])] = zi].
(2.3), therefore, reduces to:

[SienC] + L(C1, ..., Cur1) < [Bienc] + Sienai LI(Vj € N —{i})(c; =¢) A ¢ =cf]. (2.4)
As (Vi € N)[¢; > cf], we have by (A4):

(Vie N)[L[(Vj € N={i})(¢c; =¢) N¢; =cf] < L(ci, ..., c5q)) (2.5)



(24) and (2.5) —  [SienG] + L@, ... Co1) < [Sienc]] + SienaiL(cy, ... chy) =
[Eienci]+L(c], ... chpq). (2.6)
(2.6) says that total social costs at (¢i,...,¢,41) are less than or equal to total social
costs at (cf,...,ch ). As total social costs at (cf,...,c; ;) are minimum, it must be the
case that total social costs at (¢1,...,C,41) are equal to total social costs at (c,...,ch ).
Therefore we conclude:

(€1,...,Cnt1) is a Nash equilibrium A Nyg = ¢ — (¢1,...,Chp1) € M. (2.7)

Next consider the case #Ny = 1. Let Ny = {k}.

No={k} — (¥i€ N = {(kDlul(¥ € N — {iDp; = 0s(@) A pi = ple)] = 0], (238)
by condition CNL.

In view of (2.8), (2.3) reduces to:

[SienC]+L(C1, ... Cnr1) < [Zienc ]+ L(C1, ... ¢yt Crrt), (2.9)
as Tr[p1(C1), -, pk(ch)y oy Pt (Coa)] = i

Now, (Vi€ N —{k})[¢; > ¢;] — L(Ci,...,C. - Cns1) < L(c}, ..., Cyq), by (A4).
Consequently, (2.9) implies:

[Sien@] + L(@1, - - 1) < [Biencl]) + i L(c;, . ) < [Biene] + L(cy, ..., chyy)

(2.10)

(2.10) establishes that:
(€1,...,Cnt1) is a Nash equilibrium and #Ny =1 — (¢1,...,¢,41) € M. (2.11)

Finally consider the case when # Ny > 1.

BNy >1 = (Vie Nzl € N — D@m= i) A pi=ple)] =0, (212)
by condition CNL.

In view of (2.12), (2.3) reduces to:

[SienCi] + L(¢1, ..., Cny1) < Sienc). (2.13)
(2.13) in turn implies: [XienG) + L(C1, ..., Cot1) < [Bieney] + L(ct, ..., chpy).- (2.14)
(2.14) establishes that:

(Ciy...,Cny1) is a Nash equilibrium and #Ny > 1 — (¢1,...,Chq1) € M. (2.15)

(2.7), (2.11) and (2.15) establish the lemma.

Lemma 3 If a simple liability rule is efficient for every possible choice of Cy,...,Cpiq, L
and (ci,...,ch ) € M satisfying (A1) - (A5), then it satisfies condition CNL.



Proof: Let f be a simple liability rule.

Suppose condition CNL is violated. Then:

W Fsr) € (0,116 £ {i € N | ) = 0} = N' A Sicnwmalthy 1 pys) £ 1)

Among all (pf,...,p,.;) € {0,1}" for which [¢ # {i € N | p; = 0} = N A

Sienxi(ph, ..., Phr1) # 1], choose anyone for which #N' is the smallest. Designate the

selected (!, ..., p,11) by (P, .., Phsa)-

Let:
={ieN|pl=0,N=N-Ny={i € N|[p =1}Ny = {i € Ny |

2i(pls - Phs1) = 0}, Now = {i € No | @(pl, ..., pha) > 0}, #No = no, #N1 =

n1, #Noo = noo, #No1 = nox.

Designate x;(p},...,p%,;) by 20,7 € N; and 2;(1,...,1) by zj,i € N.

We consider the following three mutually exclusive and exhaustive cases separately:
(i) Noo = ¢, No1 # ¢
(i) Noo # ¢, Nor = ¢
(iii) Noo # &, No1 # ¢.

Case (i)
Let t be a positive number. For every ¢ € Ny, choose r; such that:

0
tr) <r; <tsg SR (3.1.1)
(311) — EiGNmtx? < EieNmri < t. (312)
Let ¢t — ZieNmri = M.
Choose a positive number a such that o < min {r;—tz? | i € Ny, }. (3.1.3)
Let 5 € (0,1). (3.1.4)
Now, let C,...,C,.1 be specified as follows:
(Vie N)[Ci =1{0,c0} A o = 2], (Vi€ Noo)[Ci = {0,¢]} A f =], (3.1.5)

Let (N7, NY') be a decomposition® of Ny, and (N{;, NY;) a decomposition of Ny;.
Let L be specified by:
(Vi e N))(c;=0) A (Vi e N/)(c; =) A (Vie Njy)(ci=0) A (Vi e Njj)(e; =) —

Licr, ..o senpr) = Sien; 5> 1 +Zz€N/ (ri+ n’gl) (3.1.6)

8Let w be a positive integer; and let W = {1,2,...,w}. (S1,...,S) is a decomposition of set S iff
(1) ¢pC S, CS, ieW, (11) UieWSizSand (111) SiﬂSj = ¢, ’L;éj, 1,7 € W.
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(31.6) — (Vie N)(c=0) A (Vie N (e =) A (Vi€ Nél)(ci _0) A (Vie
Ng),l)(cl = C?) - TSC(Clv cee 7cn+1> = ZleN{’n + ZZEN” T + 2zEN’ + E’LEN/ (Tz +

1ny no1 )

(3.1.7)

As ZZEN” + EZEN” T + EzEN’

1mny

+ Zieng, (ri +5-) = af + Bieny (1 = ) + Zieng, i +
Sieny, 1t follows that TSC is minimized when N| = N; and N} = Ny;; and the unique
TSC minimizing (cy, ..., ¢,11) is given by:

(Vi € N1)(c; =0) A (Vi € Not)(e; =13)].

Now we show that (Vi € N)(¢; = 0) is a Nash equilibrium.

It should be noted that we have:

(1(0), -+, puy1(0)) = (Pl - .. ,pg+1)~

Take any 7 € V;.

Given that every other individual 7,7 # j, is using strategy ¢; = 0;

if j uses ¢; = 0, then j’s expected costs [EC}] are

=0+ z;(p1(0),...,p;(0),...,pns1(0))L(0,...,0,...,0) = 23L(0,...,0,...,0) = xf[af +
1+ Bieng i) = 23 + t];

if j uses ¢; = ¢, then EC;

= =+ 2i(P0), .- pi(E)s - a1 (0) L(0, ..oy, 0) = o + ) Uaf +t — nl] =
(1 = Ba}) + 2faf + t];

as (p1(0),- .., p;(0), ..., pu41(0)) = (pr(0), -, i (), -+ Pus1(0)) = (PR, -, 1o D)
Be(0,1) A 2)el0,1] — EC[c; =0] < ECj[¢; = ¢]]

— for j, ¢; = 0 is better than ¢; = ¢}. (3.1.8)
Next consider any j € Np;.

Given that every other individual 7,7 # j, is using strategy ¢; = 0;

if j uses ¢; = 0, then EC;

= 0—|—x9L(0,...,0,...,0) :mg[aﬁ—i—t];

if j uses ¢; = r;, then EC;

=7r; +2;(p1(0),...,p;(;), .-, Pas1(0))L(0,... 75, ...,0).

Therefore,

EC; =r;, it #No1 > 1, as z;(p1(0),...,pj(r}), ..., pnt1(0)) = 0 by the choice of

(1}, p)41); and

EC; =r; —l—xja@ if #No1 =1, i.e., if Noy = {j}.

Thus, ¢; =r; — FEC; > 1.

As, 2faf +1t] < afa+ 2t < a+ a9t < (rj —alt) + 25t = r;, it follows that:

for j, ¢; = 0 is better than ¢; = ¢). (3.1.9)
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(3.1.8) and (3.1.9) establish that (Vi € N)(¢; = 0), which is not TSC-minimizing, is a Nash
equilibrium. (3.1.10)

Case (ii):

Let t and v be positive numbers such that v < ¢.

Let a > 0 and 8 € (0,1).

Let C,...,C,;1 be specified as follows:

(Vi e Ny)|[C; ={0,0} A &) = =],

(Vi € Ngo)[C; ={0,0} A & = noo]

Let (N, NY) be a decomposition of Ny, and (Nj,, NJ,) a decomposition of Noy.
Let L be specified by:

(Vi€ N)(i = 0) A (Vi€ N)(e =) A (Vi€ Njg)ei =0) A (¥ € Nip)(ei = ) —
Licy, ... cnq1) = EieN{%—f + EieN(gontE (3.2.2)

(3.2.1)

(3.22) — (Vie N))(c;=0) A (Vi € N)(c; =) A (W € Njp)c=0) AN (Vi€
Nipei =) = TSC(cr,- .-, Cns1) = Sienr 2 + Siengy 72 + Sient 22 + Sieny, -

00 TLQO

(3.2.3)

As Bieny - + Yieny o e+ EzeN' =+ Yieny 0% =af+ v+ Xieny (1 — 5)7% + EieN60%>
it follows that TSC is minimized When N{ = N; and Nj, = Nyo; and the unique TSC-
minimizing (¢, ..., c,11) is given by:

[(Vi € Ni)(c; =0) A (Vi € Noo)(c; = 7))

Now we show that (Vi € N)(¢; = 0) is a Nash equilibrium.

Take any 7 € ;.

Given that every other individual 7,7 # 7, is using strategy c¢; = 0;

if j uses ¢; = 0, then EC; = 0+ z;(p1(0),...,p;(0),...,pn11(0)) L(O,...,0,...,0) =
29 L(0,...,0,...,0) :xq[aﬂ—i-t];

if j uses ¢; = ¢}, then EC; = 2= 4+ 2;(p1(0), ..., i (), -+, Pu41(0)) L0, ..., 2., 0) =
2+ B+t — 28] = (1 — Bad) + 2%ap + 1].

Be(0,1) A 2)e0,1] — EC[c; =0] < ECj[¢; = ¢]]

— for j, ¢; = 0 is better than ¢; = ¢J. (3.2.4)
Next consider any j € Nyp.

Given that every other individual 7,7 # j, is using strategy ¢; = 0;

if j uses ¢; = 0, then EC; = 0+ 2YL(0,...,0,...,0) = 0,as 29 = 0;

if j uses ¢; = ;- then EC; = =4 2;(p1(0), ..., pi(55), - Pas1(0))L(0, . .o, 2=, ., 0).
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Therefore,
EC; = ;= if #Noo > 1, as 2;(p1(0),...,pi(55=), -+, Pas1(0)) = 0 by the choice of

100
(p(l]’ s 7pn+l) and
EC; = n_oo +:v0zﬁ if #Noo = lie., if Noo = {j}.
Thus, ¢; = = — EC; =

J = ngo”

Consequently, for j,¢; = 0 is better than ¢; = ). (3.2.5)
(3.2.4) and (3.2.5) establish that (Vi € N)(¢; = 0), which is not TSC-minimizing, is a
Nash equilibrium. (3.2.6)
Case (iii):

Let t be a positive number. For every ¢ € Ny, choose r; such that:

0

tr) <r; <ts P (3.3.1)
(331) — ZzENmtxz < EiENmri < t. (332)

As 0 < ¥jen,,7i < t, one can choose a positive number v such that ¥;en,, 7 < v < t.
Let v — Yieny, i =€, and t —v = 4.

Choose a positive number « such that o < min {r; —tz? | i € Ny }; and let 8 € (0, 1).
(3.3.3)

Now, let C,...,C, .1 be specified as follows:
(Vi e N)[C; ={0,0} A &0 =
(Vi € Noo)[Ci = {0, )} A ¢ = ;5]

(Vi € No1)[C; = {0, A & =r]. (3.3.4)
Let (N, N{') be a decomposition of Ny, (Ng,, Njy) a decomposition of Nyg, and (N, VJ))
a decomposition of Ny;.

Let L be specified by:

(Vi € N))(¢; =0) A (Vi € N)(c; =) N (Vi € Njg)(ci =0) A (Vi € Njp)(ei =
D) A (Vie N (e =0) A (Vie ND(eg =) — Lc, ... cnp1) = Sien <2 +

3 1N

Siengy (75 + ) + Bieny, (ri + ). (3.3.5)

noo

nl]

(3.35) — (Vie N{)(c;=0) A (Vi e N/)(c; =) N (Vi e Niy)le; =0) A (Vi €
Nip)(ei = &) A (Vi € Ni)(ei =0) A (\ﬁ e N/\)(ci =) — TSCler,. .., cn1) =
HieNyny T Hieny + Diengri + Sieny 2+ Sieng, (s + n%) + Bieny, (i + ).

00 1200 1n1 700 70
(3.3.6)
As EZEN" + ZZENoon_oo + ZZEN” Ti T E’GN o2+ ZiEN()O(noo - o> T ZieNél(Ti - %) -
aff + EzGNoon + Yieny T + EZGN”(l_B)n_I + ZzeN QUNS, néo =v + aff + ZieN{’(l -
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ﬁ)n% + ZiEN()OuN()I%a it follows that TSC is minimized when N| = Ny, NJ; = Noo and

N{| = No1; and the unique TSC-minimizing (ci, ..., ¢,41) is given by:
[(Vi € N1)(c; =0) A (Vi € Noo)(c; = HLOO) A (Vi € Not)(e; = 1)l

Now we show that (Vi € N)(¢; = 0) is a Nash equilibrium.

Take any 7 € Ny.

Given that every other individual 7,7 # 7, is using strategy ¢; = 0;

if j uses ¢; = 0, then EC; = 0+ z;(p1(0),...,p;(0),...,pnt1(0))L(0,...,0,...,0) =
29L(0,...,0,...,0) = 9B + € + 0 + Bieny, 7i] = 25[aff + t];

if j uses ¢; = ¢}, then EC; = 2 4+ 2;(p1(0), .., i (), -+, Pny1(0)) L0, ..., 2., 0) =
Lt aflaf 4+t — i—f] = 2(1 = fa) + afaf + t].
Be(0,1) A z)€[0,1] — ECj[c; =0] < ECj[c; = ¢]]
— for j, ¢; = 0 is better than ¢; = ¢). (3.3.7)

Next consider any 7 € Nyp.

Given that every other individual 7,7 # 7, is using strategy ¢; = 0;

if j uses ¢; = 0, then EC; = 0+x9L(O,..‘,O,‘..,O) =0;

if juses ¢; = .=, then ECj = S+x(pi(0), ..., pj(55)s - -+, Pat1(0)) L0, .., 55, ..., 0) =

<, as #Np > 1 and consequently z;(p1(0),...,pj(s=),...,pns1(0)) = 0 by the choice of

n0o
(pcl]a s 7p91,+1)'
Therefore for j, ¢; = 0 is better than ¢; = ). (3.3.8)

Finally, consider any j € Ny;.

Given that every other individual 7,7 # 7, is using strategy ¢; = 0;

if j uses ¢; = 0, then EC; = 0+x9L(O,...,O,...,O) :xg[&ﬁ—i—t];

if j uses ¢; = r;, then EC; = r; + xj(p1(0),...,p;(r;), ..., pns1(0))L(0, ... ,7j,...,0) =
r;, as #No > 1 and therefore z;(p1(0),...,p;(r;),...,pns1(0)) = 0 by the choice of

(p?a s 7p91+1)'
As, 29af +1t] < afo+ 29t < a+ a9 < (r; — alt) + 29t = r;, it follows that:

for j, ¢; = 0 is better than ¢; = ¢J. (3.3.9)
(3.3.7) - (3.3.9) establish that (Vi € N)(¢; = 0), which is not TSC-minimizing, is a Nash
equilibrium. (3.3.10)

(3.1.10), (3.2.6) and (3.3.10) establish the lemma.

Theorem 1 A simple liability rule is efficient for every possible choice of Cy,...,Cpi1, L
and (ci,...,ch ) € M satisfying (A1) - (A5) iff it satisfies the condition of collective
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negligence liability.

Proof: If simple liability rule f satisfies the condition of collective negligence liability
then by Lemmas 1 and 2 it is efficient for every possible choice of C4,...,C,1, L and
(c],...,¢ 1) € M satisfying (A1) - (A5). Lemma 3 establishes that if f is efficient for
every possible choice of C, ..., Cyqq, L and (¢}, ..., ¢, ) € M satisfying (A1) - (A5) then

it satisfies the condition of collective negligence liability.

3 The Rule of Negligence and Strict Liability with the Defense
of Contributory Negligence

In the one-victim one-injurer context the rule of negligence is defined by the condition
that the injurer is fully liable iff he is negligent; and that the injurer is not at all liable iff
he is nonnegligent. The rule of strict liability with the defense of contributory negligence
is defined by the condition that the victim is fully liable iff he is negligent and that he is
not at all liable iff he is nonnegligent. The two rules are mirror images of each other with
the interchange of the two parties and their liability assignments.

Consider the class of simple liability rules defined for multiple injurers by:

(a) If an injurer is nonnegligent then he is not at all liable; and

(b) If at least one injurer is negligent then the set of all injurers taken together is fully
liable.

This class of rules can be thought of as embodying the essential features of the
negligence rule in the multi-injurer context in a natural way. From the definition of
the negligence rule it follows that in the two-party context it is characterized by the fol-
lowing four implications: (i) If the injurer is negligent then he is fully liable, (ii) If the
injurer is fully liable then he is negligent, (iii) If the injurer is nonnegligent then he is not
at all liable, and (iv) If the injurer is not at all liable then he is nonnegligent. It is clear
that in a multi-injurer context (i) cannot be satisfied. It is equally clear that one cannot
abandon (i) without giving up the very idea behind the negligence rule. (b), however,
seems a natural way to retain the idea of (i) in the multi-injurer context. (ii) and (iii) also
must be retained if the essential idea behind the negligence rule is to remain intact. (a)
requires for every injurer what (iii) requires for the single injurer in the two-party context.
It should be noted that (a) implies (ii) for every injurer. In the multi-injurer context, with
respect to (iv) there is some leeway; nothing essential seems to hinge on whether it holds
or not. Thus it seems appropriate to term the class of simple liability rules defined by

(a) and (b) as the class of negligence rules. It is obvious that (a) and (b) together imply
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satisfaction of collective negligence liability. Thus as a corollary of Theorem 1 it follows
that every variant of negligence rule in a multi-injurer context is efficient.

Unlike the rule of negligence, in the case of strict liability with the defense of con-
tributory negligence, all the four implications characterizing the rule in the two-party
context can continue to hold in the multi-injurer context. Indeed, the implications: (1)
If the victim is negligent then he is fully liable, (2) If the victim is fully liable then he is
negligent, (3) If the victim is nonnegligent then he is not at all liable, and (4) If the victim
is not at all liable then he is nonnegligent; must be satisfied if the essential features of
strict liability with the defense of contributory negligence are to be retained. Now, every
rule in the class of simple liability rules satisfying (1) - (4), which we can term as the
class of strict liability with the defense of contributory negligence rules, does not satisfy
the condition of collective negligence liability. On the other hand, it is clear that there is
a subclass of the class of simple liability rules satisfying (1) - (4) which does satisfy the
condition of collective negligence liability. Thus, in the multi-injurer context, while every
variant of the negligence rule is efficient, only some variants of strict liability with the

defense of contributory negligence are efficient.

4 Concluding Remarks

Under a simple liability rule the proportions in which the loss is apportioned among the
parties in case of occurrence of accident is determined on the basis of whether and which
parties involved in the interaction are negligent. A more general notion than that of a
simple liability rule is that of a liability rule. A liability rule determines the proportions
in which the loss is apportioned among the parties in case of occurrence of accident on
the basis of not only whether and which parties are negligent but also on the basis of
proportions of negligence or nonnegligence of the parties. The condition of collective
negligence liability has been shown to be both necessary and sufficient for efficiency for
the entire class of simple liability rules satisfying assumptions (A1) - (A5). The class of
simple liability rules is a subclass of the class of liability rules. An obvious question that
arises is as to whether the condition of collective negligence liability is a characterizing
condition for efficiency also for the class of all liability rules satisfying assumptions (A1)
- (A5). It is quite straightforward to show that the condition of collective negligence
liability indeed is a sufficient condition for any liability rule satisfying assumptions (A1) -
(A5) to be efficient. Because of the generality of the notion of a liability rule, the necessity

question, however, appears to pose seemingly intractable difficulties.
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In view of the facts (i) that a necessary condition for any simple liability rule satisfying
assumptions (A1) - (Ab5) to be efficient is that it satisfy the condition of collective negli-
gence liability, (ii) that a sufficient condition for any liability rule satisfying assumptions
(A1) - (A5) to be efficient is that the condition of collective negligence liability holds, and
(iii) that the class of simple liability rules satisfying assumptions (A1) - (A5) is a proper
subclass of the class of liability rules satisfying assumptions (A1) - (A5); it follows that
logically there are only two possibilities regarding efficiency conditions for the class of li-
ability rules satisfying assumptions (A1) - (A5). These possibilities are: (i) the condition
of collective negligence liability is a necessary and sufficient condition for any liability
rule satisfying assumptions (A1) - (A5), (ii) for the class of all liability rules satisfying
assumptions (A1) - (A5) there does not exist any condition which is both necessary and
sufficient for efficiency. That is to say, there is no condition which is both necessary and
sufficient for any liability rule satisfying assumptions (A1) - (A5) to be efficient. It is an

open question as to which of these two possibilities in fact holds.
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