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Successive Joint Torts: Conditions for Efficiency

Satish K. Jain*

An important subclass of torts is that of successive joint torts. In a successive joint tort,
in the first instance the victim suffers harm on account of interaction with a tortfeasor,
which subsequently is aggravated because of interaction with another tortfeasor. There
can of course be no aggravation if there is no accident in the first instance. A car driver
inflicting an injury on a pedestrian, and the aggravation of injury during transportation
to the hospital because of negligence or during treatment because of doctor’s negligence,

is an example of a successive joint tort.

Successive joint torts are to be distinguished from simultaneous joint torts. In a simul-
taneous joint tort the victim suffers a single indivisible injury as a result of activities of

two or more tortfeasors.!

The first analysis of successive joint torts from the perspective of economic efficiency was
carried out by Landes and Posner (1987). They analysed the following rule for assigning
liabilities of the parties:

(i) If both the injurers and the victim are nonnegligent then the losses occurring in both
the stages are borne by the victim.

(ii) If both injurers are nonnegligent and the victim is negligent then the losses occurring
in both the stages are borne by the victim.

(iii) If the injurer of the first stage is negligent, and the injurer of the second stage and the
victim are nonnegligent, then the losses of both the stages are borne by the first injurer.
(iv) If the injurer of the second stage is negligent, and the injurer of the first stage and
the victim are nonnegligent, then the loss of the first stage is borne by the victim and the
loss of the second stage is borne by the second injurer.

(v) If the first injurer and the victim are negligent and the second injurer is nonnegligent
then the losses of both the stages are borne by the victim.

(vi) If the second injurer and the victim are negligent and the first injurer is nonnegligent

then the loss of the first stage is borne by the victim and the loss of the second stage is
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borne by the second injurer.
(vii) If both injurers are negligent and the victim is nonnegligent then the loss of the first
stage is borne by the first injurer and the loss of the second stage is borne by the two
injurers in some proportions.
(viii) If both the injurers and the victim are negligent then the loss of the first stage is
borne by the victim and the loss of the second stage is borne by the two injurers in some

proportions.

Schematically the rule considered by Landes and Posner can be represented as follows:

Victim First Injurer | Second Injurer | Liability for First | Liability for Second
Stage Loss on Stage Loss on
Nonnegligent | Nonnegligent | Nonnegligent | Victim Victim
Negligent Nonnegligent | Nonnegligent | Victim Victim
Nonnegligent | Negligent Nonnegligent | First Injurer First Injurer
Nonnegligent | Nonnegligent | Negligent Victim Second Injurer
Negligent Negligent Nonnegligent | Victim Victim
Negligent Nonnegligent | Negligent Victim Second Injurer
Nonnegligent | Negligent Negligent First Injurer Both Injurers in Some Proportions
Negligent Negligent Negligent Victim Both Injurers in Some Proportions

Landes and Posner have shown that the above rule is efficient.

In this paper, instead of analysing particular rules for assigning liabilities for harms in
cases of successive joint torts, we consider the problem generally and analyse the totality
of all liability rules for successive joint torts. Formally, a liability rule for successive joint
torts is a rule that determines (i) in case of first accident, the liability shares of the victim
and the first injurer on the basis of the extents of negligence of the victim and the first
injurer; and (ii) in case of second accident, the liability shares of the victim and the two
injurers on the basis of the extents of negligence of the victim and the two injurers. We
show that a liability rule for successive joint torts is efficient if the following condition is
satisfied: if one of the victim and the first injurer is negligent and the other nonnegligent,
then the entire accident loss resulting from interaction between the victim and the first
injurer is to be borne by the negligent individual; and if one of the victim and the two
injurers is negligent then no nonnegligent individual is to bear any part of the accident
loss resulting from interaction between the victim and the second injurer. This condition

has been termed in the paper as negligence liability for successive joint torts (NL-SJT).



A subclass of the class of all liability rules for successive joint torts is that of simple
liability rules for successive joint torts. A simple liability rule for successive joint torts
apportions the accident losses solely on the basis of negligence or otherwise of individuals;
the extents of negligence are not taken into account. The rule analysed by Landes and
Posner is also a simple liability rule for successive joint torts. It turns out that a simple

liability rule for successive joint torts is efficient if and only if it satisfies NL-SJT.

The paper is divided into four sections excluding this section. The first section presents
the framework within which the analysis of the paper has been carried out. The frame-
work is essentially that of the standard tort model of interaction between a victim and
an injurer first developed by Brown (1973)2, suitably modified for analysing successive
joint torts. The second section establishes that a sufficient condition for a liability rule
for successive joint torts to be efficient is that it satisfy the condition of NL-SJT. The
third section contains the statement and the proof of the theorem that a simple liability
rule for successive joint torts is efficient if and only if it satisfies the condition of NL-SJT.
The last section contains some remarks regarding the question of necessity of NL-SJT for

efficiency of any liability rule for successive joint torts.

1 The Framework

We consider accidents resulting from successive joint torts involving one victim (individ-
ual 1) and two injurers, individual 2 being the injurer in the first accident, and individual
3 the injurer in the second accident. The parties will be assumed to be strangers to each
other and risk-neutral. We denote by ¢; > 0,7 = 1,2, 3, the cost of care taken by indi-
vidual 2. We assume that ¢;,7 = 1,2, 3, is a strictly increasing function of level of care of
individual 7. This of course implies that ¢;,i = 1,2, 3, itself can be taken as an index of

level of care of individual 1.

Let

C; = {¢; | ¢ is the cost of some feasible level of care which can be taken by individual
it,i=1,2,3.

We assume 0 € C;,1 = 1,2, 3. (A1)

¢; = 0,1 =1,2,3, will be identified as no care by individual . Assumption (A1) merely

says that taking no care is always a feasible option for each individual.

We denote by m; the probability of accident in the interaction between individuals 1 and

2See also Landes and Posner (1987), Shavell (1987), Miceli (1996), Jain and Singh (2002), Jain (2015),

among others.



2, and by H; the quantum of loss in case of accident in the interaction between individuals
1 and 2. Both m; and H; will be assumed to be functions of care levels of individuals
1 and 2; m = mi(ey,¢2), Hi = Hi(eq,¢2). Let Ly = myHy. Thus Ly is the expected loss
resulting from the interaction between individual 1 and 2, and is a function of care levels
of individuals 1 and 2; Ly = Li(cy, o).

There can be no accident in the second stage if there is no accident in the first stage. Let
T be the conditional probability of second accident (conditional on the occurrence of first
accident) involving interaction between individuals 1 and 3, and Hs the quantum of loss
in case of accident in the interaction between individuals 1 and 3. Both 7 and Hy will
be assumed to be functions of care levels of all three individuals 1,2,3. Let Ly = mimoHs.
Thus Ly is the expected loss resulting from the interaction between individual 1 and 3,

and is a function of care levels of all three individuals 1,2,3; Ly = Ly(cy, ¢a, ¢3).2

We assume:

(Vey,dy € C)(Vea,dy € CY)[[er > ¢ —  Li(cr,c0) < Li(d,e0)] AN o > & —
Li(en,e2) < La(en, )] (A2)
and

(Ver, ) € Cr)(Vea,dy € Co)(Ves, cy € Cs)[[er > ¢ = La(er,ea,¢3) < Lao(c), ca,c3)] A
[CQ > 0/2 — LQ(Cl,CQ,Cg) < LQ(Cl,CIQ,Cg)]/\ [Cg > Cé — LQ(Cl,CQ,Cg) < LQ(ChCQ,Cé)H. (AS)

In other words, it is assumed that a larger expenditure on care by individual 1 or 2, given
the expenditure on care by the other individual, does not result in higher expected loss
for the victim (individual 1) in the first interaction; and that a larger expenditure on care
by an individual, given the expenditures on care by the other two individuals, does not

result in higher expected loss for individual 1 in the second interaction.

Total social costs (T'SC) are defined to be the sum of costs of care by individuals 1,2,3, in-
dividual 1’s expected loss in the first stage, and individual 1’s expected loss in the second
stage; T'SC = c1+co+c3+ Lyi(c1, ¢2) + La(ey, ca,¢3). Let M = {(c}, ), cy) € Cy x Cyx Cy |
A y+cy+La(c), cy)+ La(cy, ¢y, ¢4) is minimum of {c;+co+c3+ Li(cq, ¢a)+ La(cy, ¢, ¢3) |
¢t €C1 N g € CyN ¢c3 € C3}}. Thus M is the set of all costs of care configurations
(¢}, ch, c) which are total social costs minimizing. It will be assumed that:

C1,Cs,Cs, Ly and Lo are such that M is nonempty. (A4)

In order to characterize an individual’s level of care as negligent or otherwise a reference

3Landes and Posner assume 75 to depend only on the care level ¢z of individual 3. It should be noted

that even if mo and Hy are assumed to be functions of ¢z only, Lo would still be a function of ¢y, cs, c3.



point (the due care level) for the individual needs to be specified. Let ¢ € C; be the due

care level for individual 7;¢ = 1,2,3. We define nonnegligence functions p;,7 = 1,2, 3, as

follows:
p; : C; — [0,1] such that
pilc;) = & ife<cf

pi,t = 1,2,3, would be interpreted as proportion of nonnegligence of individual 7. Indi-

vidual ¢,7 = 1,2, 3, would be called negligent if p; < 1; and nonnegligent if p, = 1.

A liability rule for successive joint torts is a rule which specifies the proportions in which
the victim (individual 1) and the injurer of the first stage (individual 2) are to bear the
loss to the victim, in case of occurrence of accident in the first stage, as a function of
proportions of nonnegligence of the victim and the injurer of the first stage; and specifies
the proportions in which the victim (individual 1) and the two injurers (individuals 2
and 3) are to bear the loss to the victim, in case of occurrence of accident in the second
stage, as a function of proportions of nonnegligence of the victim and the two injurers.
Formally, a liability rule for successive joint torts is a function f from [0,1]* to [0, 1]?,
f:[0,1]* — [0,1]°, such that: f(p1,p2,p3) = (z1, T2, Y1,Y2,y3), where z; and x5 denote
the proportions in which the accident loss of the first stage is to be apportioned between
individual 1 and individual 2 respectively, y;, y2 and y3 denote the proportions in which
the accident loss of the second stage is to be apportioned among individuals 1, 2, and 3

respectively, 1 +x2 = 1, and y1 + 42 +y3 = 1.

A subclass of the class of liability rules for successive joint torts, to be called the class of
simple liability rules for successive joint torts, is defined as follows:

A liability rule for successive joint torts is a simple liability rule for successive joint torts
i (Y, phop) € 0,19 (YN € {1,2,3D)[(V) € N, < 1) — f(¥i € {1,2,3}(p;
p)) = F¥i € {1,2,3} — N')(ps = pl) A (¥i € N')(p; = O)].

Thus a simple liability rule for successive joint torts apportions the accident losses solely
on the basis of negligence or otherwise of individuals; the extents of negligence are not
taken into account. A simple liability rule for successive joint torts therefore can be viewed

as a function from {0,1}? to [0, 1]°.

Let f be a liability rule for successive joint torts. Then, for any proportions of non-
negligence (p1,p2,ps) of the individuals, f assigns the proportions (xy,z2,y1,y2,y3) in
which the accident losses to the victim are to be borne by the individuals in case of
occurrence of accidents. An application of the liability rule consists of specification
of C1,Cy,C3, Ly, Lo, (ci,c5,¢5) € Cp x Cy x C5. Once Cy,Cy,Cs, Ly, Lo, (c],c5,¢5) €



Cy x Cy x C3 have been specified, for any configuration of costs of care (cy,cq,c3) by
the three individuals, proportions of nonnegligence (pi, p2, p3) are uniquely determined.

The liability rule then uniquely determines the liability proportions (z1, xa, Y1, ye, y3) cor-
responding to (pi, p2, p3)-

The expected costs of individual 4,7 = 1,2, 3, at (¢, ¢a, ¢3) will be denoted by EC;(¢y, 2, ¢3).
We have:

EC\(c1, 2, ¢3) = c1 + m1(p1(cr), p2(cz)) Lien, e2) + yi(pi(cr), p2(cz), ps(es)) La(ca, 2, c3)
ECy(c1, ¢2,¢3) = ca + ma(pr(c1), palca)) Li(cr, c2) + ya(pi(er), pa(c2), pa(es)) La(cr, ¢z, c3)
ECs(cy, ca,c3) = 3+ ys(pier), pa(c2), p3(es)) La(cr, c2, c3).

Let f be a liability rule for successive joint torts. f is defined to be efficient for a given
application < Cy, Cy, C3, Ly, Lo, (i, ¢5, ¢5) € Oy x Cy x C3 > iff (V(¢,d) € C x D)|[(c,d) is
a Nash equilibrium — (¢,d) € M] and (3(¢,d) € C x D)|[(¢,d) is a Nash equilibrium].
In other words, a liability rule for successive joint torts is efficient for a particular appli-
cation < C1, Cy, C3, L1, Ly, (¢t ¢5,¢5) € C1 x Cy x Oy > iff (i) every (¢,d) € C x D which
is a Nash equilibrium is total social costs minimizing, and (ii) there exists at least one
(¢,d) € C x D which is a Nash equilibrium. A liability rule is defined to be efficient with
respect to a class of applications iff it is efficient for every application belonging to that

class.

We denote the set of all applications < Cy, Cy, Cs, Ly, Lo, (¢f,¢5,¢5) € M > satisfying
assumptions A(1)-A(4) by A.

Next we define the condition of negligence liability for successive joint torts (NL-SJT).
A liability rule for successive joint torts f satisfies the condition of NL-SJT iff
(Fee{l,2h)pi<l) = (Ve {l,2})(p;=1—=2; =0)|A[(Fie {1,2,3})(pi < 1) =
(Vi €{1,2,3})(pj =1—y; =0)].

In other words, if one of individuals 1 and 2 is negligent and the other nonnegligent,
the entire accident loss resulting from interaction between 1 and 2 is to be borne by the
negligent individual; and if one of individuals 1,2, and 3 is negligent then no nonnegligent
individual is to bear any part of the accident loss resulting from interaction between in-
dividuals 1 and 3.



2 Sufficiency of NL-SJT for Efficiency of Liability

Rules for Successive Joint Torts

Proposition 1 If a liability rule for successive joint torts f : [0,1]* — [0,1]° satisfies
the condition of negligence liability for successive joint torts then for any application <
Ch,Cy,Cs, Ly, Lo, (¢}, ¢, ¢5) € M > satisfying assumptions (A1)-(A4), i.e., belonging to

A, (¢}, ¢, %) is a Nash equilibrium.

Proof: Let liability rule for successive joint torts f satisfy condition NL-SJT. Take any
application < Cy, Cy, Cs, Ly, Lo, (¢f, ¢5, ¢}) € M > belonging to A.

Denote Lq(cf,c3) by Li; La(ct, b, ¢3) by L; x;(1,1) by of,i = 1,2; v;(1,1,1) by yf,i =
1,2,3.

Suppose (¢}, ch, ¢4) is not a Nash equilibrium.

This implies:

(Fey € C)h + w1(pi(cy), p2(c3)) Lalch, &3) + ya(pi(ch), pa(c3), ps(c3)) La(ch, 5, ¢5) < cf +

oy L + yi L] (P1.1)
V
(3cy € Co)lchy + @2(pr(ch), pa(cy)) La(ei, ¢b) + ya(pr(eh), pa(ch), pa(c3)) La(ei, ¢y, ¢5) < ¢ +
x5 Ly + y3 L) (P1.2)
V
(3cs € C3)lch + ys(pr(ch), pa(c3), ps(cy)) La(el, ¢3, ) < c5 + yzL3). (P1.3)

First suppose (P1.1) holds.

& <AN(PLY) = ¢+ Li(d),c)+ La(cy, 65, 6) < ci+aiLi+yiLs, as 1 (p1(c)), pa(c3)) =
LA y1(pi(c)), pa(cd), ps(cs)) = 1 by condition NL-SJT

—  + Li(c), &) + Lo(c), cb,c5) < cf + Ly + LS, as x3,y7 € [0,1] and L3, L5 >0

— it e+ 4 Li(d), ) + La(cy,ch,ch) <ci+c3+ 5+ L+ L

— TSC(cy, 5, ¢5) <TSC(ct, ¢35, c3).

This is a contradiction as total social costs are minimum at (cf,c}, ;). Therefore we
conclude:

¢, < c¢i — (P1.1) cannot hold. (P1.4)
Next Consider ¢| > ¢f.

¢t > cf = 21(pi(c)), p2(c3)) = 27 Ay (pi(ch), p2(c3), p3(c3)) = vi-

>N (PLY) = ) +a7Ly (), eb) +yi La(cy, eb, c8) < o + o1 Ly + yi L. (P1.5)
Ty =y vV <uyp

First suppose x] > y7.

xy >y ANy > AN (PLS) — (1 —a7)dy + x5(c) + Li(c), ¢b) + La(c), c5, c8)) — (z7 —
yi)La(ch, 65, ¢5) < (1 =)y + ai(c] + L] + L) — (27 — i) L.



By adding z7(c} + ¢}) to both sides we obtain:

i > yi ANy > AN (PLE) — (1 —at)d) + xi(c) + & + ¢ + Li(cy, ¢b) + La(c), ¢5, c3)) —
(5t = D) Lalch, i, c8) < (1= 2 + w3 (cf e + 5 + Li + L) — (a5 — ) L

> (1) 405 (TSO(, 65, 65)~TSC(eh, c5,¢3)) (i~ (L~ La(cl 3, 65)) < (1-ai)ei
= (1=a)d, < (1 —a3)c}, as TSC(c), ¢5,¢5) —=TSC(c;, c5,¢5) > 0 in view of the fact that
TSC is minimized at (¢}, c3, ) and L — Lo(c), ¢35, ¢5) > 0 by assumption A(3).  (P1.6)

(1 —27) >0A(P1.6) — ¢ < ¢, a contradiction as by assumption ¢; > ¢}. (P1.7)
(1 —27)=0A(P1.6) - 0 < 0, a contradiction. (P1.8)
From (P1.7) and (P1.8), it follows that if 27 > yi A ¢} > ¢f then (P1.1) cannot hold.

(P1.9)
Analogously it can be shown that if 2 < yi A ¢| > ¢] then (P1.1) cannot hold. (P1.10)
(P1.9) and (P1.10) establish that if ¢} > ¢} then (P1.1) cannot hold. (P1.11)
(P1.4) and (P1.11) establish that (P1.1) cannot hold. (P1.12)

The proof of that (P1.2) cannot hold is similar to the proof that (P1.1) cannot hold.(P1.13)

Next suppose that (P1.3) holds.
¢y < cE N (PL3) — &y + Lao(ci,c5,d5) < ¢+ ysLs, as ys(pi(c)), p2(ch), ps(cy)) = 1 by
condition NL-SJT

— &+ Lo(c], ¢, c5) < ¢y + L3, as yi € [0,1].

By adding ¢} + ¢35 + L7 to both sides we obtain:

i+ s+ + L+ La(cf, 65, 6) < cf+ s +ci+ Ly + L

— TSC(c;,c5,¢) < TSC(ci, ¢, %), a contradiction as TSC is minimized at (¢}, ¢3, ¢3).
Therefore it follows that if ¢ < ¢§ then (P1.3) cannot hold. (P1.14)
&> 3 AN (PL3) = &+ ysLa(c, 3, ¢3) < ¢+ Y3515, as ys(pi(ci), pa(c3), ps(c3)) = 3.

By adding y;[c} + ¢5 + Li] to both sides, we obtain:

(1 —y3)cs +y5(cl + ¢ + s+ LT + La(c], 65, ¢5)) < (1 —w3)cs +u5(ch + 5+ ¢+ L + L)
= (1= y3)es +y3(T5C(c], 3, ¢3)) < (1 = y3)e3 + y3(TSC(e, 65, ¢5))
= (I =y3)es < (1—y3)c3.

1.16) an 1.17) establish that if ¢; > ¢% then (P1.3) cannot hold.
P d (P1.17 blish th fg 3 th P hold

(P1.15)
(P1.16)
If (1 —y3) =0, then (P1.15) — 0 < 0, a contradiction. (P1.17)
(PL.18)
(P1.14) and (P1.18) establish that (P1.3) cannot hold. ( )

(P1.12), (P1.13), and (P1.19) establish that (¢, ¢5, ¢%) is a Nash equilibrium.

Proposition 2 If a liability rule for successive joint torts f : [0,1]* — [0,1]° satisfies

the condition of negligence liability for successive joint torts then for any application <



Ch1,Cy,Cy, Ly, Ly, (¢5,¢5,¢5) € M > satisfying assumptions (A1)-(A4), i.e., belonging to
A the following holds:
(V(El,EQ,Eg) € 01 X Cg X 03)[(61,52753> is a Nash ethbmum — (61,62,63) S M]

Proof: Let liability rule for successive joint torts f satisfy NL-SJT. Take any application

< C4,Cy,C3, Ly, Lo, (¢}, ¢, ¢5) € M > belonging to A.

Denote L1 (1, ) by L1; Ly (1,2, ) by Ly; Li(cl, ¢3) by Li; Lo(c, ¢, ¢5) by Ls; i(p1(1), p2(2))

by Zi,i = 1,2; y;(p1(¢1), p2(C2), p3(€3)) by Uy, = 1,2,3,; 25(pi(ci), p2(c3)) by x7,1 = 1,2;

and y;(p1(cy), p2(c3). ps(c3)) by yii =1,2,3.

Let (¢4, ¢2,¢3) be a Nash equilibrium.

(¢1,Co,C3) is a Nash equilibrium —

(Ver € C)[ei+Ti L+, Lo < extai(pi(er), pa(@)) Li(er, @) 91 (pa(cr), pa (), p3(€3)) La(cr, T, @5)] (P2.1
A

(Vea € Co)[ea+TaLi+7s Ly < cotaa(pi(€r), pa(ca)) La(C1, c2)+ya(pi(€1), pa(ca), p3(Ts)) La(C1, 2, E)] (P22
A

(Yez € Cy)[es +Y3La < 3+ ys(p1 (1), p2(Ca), p3(cs)) La (@1, T, c3))]. (P2.3)

(P2.1), (P2.2), and (P2.3) imply respectively:

T LAy, Ly < o (pi(ch), p2(2)) La (e, @) 1 (p1(c5), p2(C2), p3(C3)) La(cf, €, @) (P2.4)
Cot+Ta L +7s Lo < c3+a2(p1(1), p2(c3)) L (1, ¢5)+y2(p1 (1), p2(65), p3(€3)) La(@1, 5, ). (P2.5)

3 +YsLa < ¢+ y3(p1(@1), p2(C2), pa(c3)) La(@1, T2, c3). (P2.6)

Adding inequalities (P2.4), (P2.5) and (P2.6) we obtain:

Ci+Co+C+ L1+ Ly < ¢+ 41 (p1(c}), p2(S2)) Li(cf, Ga) +aa(p1(Tr), p2(ch)) L (€1, ) +
y1(p1(ci), p2(C2), p3(cs)) La(ci, 62, C3) + ya(p1(€1), p2(c3), p3(cs)) La(cr, 5, ¢5)

+ ys(p1(C1), p2(C2), p3(c5)) La(C1, 2, c5). (P2.7)

Ql

By the definition of nonnegligence functions we have:
€1 2 ¢ = x2(p1(cr), p2(ch)) = 3

Gy 2 ¢5 = 21(p1(c}), p2(C2)) = 7]

G2 ] NG = ¢; = ys(pi(cr), p2(C2), p3(c)) = v3

C1 > i AT > ¢ — ya(pi(Cr), pa(c3), p3(cs)) = 5

Cy > ¢3 N3 > ¢ — yi(pa(ey), p2(C2), p3(C3)) = 3.

By condition NL-SJT we obtain:

¢ < cf = xa(p1(c1),pa(c3)) = 0 Aya(pi(er), pa(cs), p3(€3)) = 0 A ys(p1(cr), p2(C2), p3(c3)) =
0

Gy < c5 — w1(pi(c}), p2(C2)) = 0AY1(p1(cl), p2(C2), p3(C3)) = 0 Ays(p1(Cr), p2(C2), p3(c3)) =
0

ez < c3 = yi(p1(ci), p2(C2), p3(C3)) = 0 A ya(pr(cr), p2(c3), p3(c3)) = 0.



By assumptions (A2) and (A3), we have:

G >cf — Li(c, ) < Lj

Co > 5 — Li(cf,6) < L3

G > NG > ¢ = Ly(¢y, 0, ¢5) < L

€L > ¢ NGy >y — Lo(y,¢5,¢3) < L}
<L

Co Z C; /\63 2 C;; — LQ(CT,EQ’E,?,)
In view of the above we obtain:

C1 > CiNCy > ChACy > A (P2.7) = T +Cy+C3+ Ly + Ly < ¢ 4¢3+ ¢+ a1 Ly (], C) +
x5 Ly (Cr, ) + yiLa(ct,C2,C3) + Y3 La(C1, 65, C3) + y5La(C1,Coy c3) < ¢ + ¢ + ¢ + oL +

oLy +yily +yp Ly +ysly = i+ 3+ L1 + L (P2.8)
T < ATy > NGy > A (P2T) 5 € +Co+C+ L+ Lo < ¢+ ¢+ ¢+ Ly (¢}, C) +
yiLa(c,C,C3) < &+ s+ S+l +yi Ly < +cs+ci+ L+ L (P2.9)

T > CiNC < ChAC > SN (P2T) = +C+C+ L+ Lo < ¢+ 3+ +a3Lyi(e1,¢5) +
yaLo(Cr,c5,C3) <+ s+ +asly +ysls <c+cs+ch+ L+ L (P2.10)
C1 > CiNC > ChACy < A (P2T) 5 € +Co+C+ L+ Lo < & + 3+ ¢+ Ly (¢}, C) +
x5 L1(C1,¢5) + y5La(c1,Co,ch) < G+ 5+ +ai L+ as Ly +ys Ly < &+ 5+ s+ L+ L

(P2.11)
C1 < CiNCy < C5ACy > N (P2.7) — €1 +Co+C3+ L+ Ly < cj+ch+c < ci+ch+cs+Li+ 1L

(P2.12)
CL<CiAC > csNCs < A (P2.7) =1+ +C3+ L+ Ly < &+ 3+ +aiL1(c,8) <
atc+ag+aily <c+ces+cy+ L <ci+c;+cy+ LT+ L (P2.13)
T > NG <NC < AN(P2T) = ¢ +C+C+ L1+ Ly <l +c+cs+asLi(c,ch) <
g+ +a+asli<c+es++L<ci+cs+ci+ L+ L (P2.14)
T < CiNGy < C5NC3 < cEA(P2.7) = e1+Ca+C3+ L1+ Ly < & +ch+cy < ci+cy+cs+Li+ 1L

(P2.15)

(P2.8)-(P2.15) establish that: T'SC(¢, ¢, ¢3) < T'SC(c}, 5, ¢5). As TSC is minimized at
(ct,c5,c3), it follows that T'SC(ey, ¢, ¢3) = T'SC(c7, ¢35, ¢5); and that (¢1,¢2,¢3) € M.

Combining Propositions 1 and 2 we obtain:

Theorem 1 If a liability rule for successive joint torts f : [0,1]* — [0,1]° satisfies the
condition of negligence liability for successive joint torts (NL-SJT) then it is efficient for
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all applications belonging to A.
The following corollary follows immediately from the above Theorem.

Corrolary 1 If a simple liability rule for successive joint torts f : [0,1]* — [0, 1]° satisfies
the condition of negligence liability for successive joint torts (NL-SJT) then it is efficient
for all applications belonging to A.

Remark 1 As the Landes-Posner rule satisfies the condition of NL-SJT, its efficiency

follows immediately from Theorem 1.

3 Characterization of Efficient Simple Liability Rules

for Successive Joint Torts

Proposition 3 If a simple liability rule for successive joint torts f: {0,1}3 — [0,1]° is
efficient for every application < Cy,Cq, Cs, L1, Lo, (¢}, ¢, ¢5) € M > belonging to A, then
the following holds: [(Fi € {1,2})(p; =0) = (V5 € {1,2})(p; =1 — z; = 0)].

Proof: Suppose f violates [(3i € {1,2})(p; = 0) — (Vj € {1,2})(p; = 1 — z; = 0)],
i.e., we have: [(Fi,j € {1,2})(pi = 0Ap; =1 Ax; # 0)]. Without any loss of generality,
assume i = 2 A j = 1. So we have: 0 < x5(1,0) < 1. Designate x5(1,0) by 9.

Choose t > 0; and let 0 < 29t <r < t.

Ast >0 and r — 29t > 0, there exists a positive integer n such that:

1< ’”’T””gt

n=H

a, B, €1, €,€e3 > 0 and

€1+ € > Q.

Consider the application belonging to A given by:

Cy ={0,a};Cy ={0,7};C3 = {0, 5}.

Let L, be as given in the following array:

Ly (617 02)

co=0|cp=r

61:0 €1+t €1

I
Q
~
=)

1

11



Let Lo be specified as given in the following two arrays:

LQ(Cl,CQ,O)

c =0 Co =7
cr=0|e+ut+p+e|ea+p+e3
L= put + B+ €3 B+ €3

Ly(cy, ¢, B)

=0 |cp=r

61:0 €2+Mt €o

=« ut 0

As we have (Y(cy, ¢, ¢3), (¢, ¢, ))|[[ct = 0N =aNey = Neg =y — Li(er, ) —
Ly(c),cy) = €1 A\ La(cy,co,¢3) — Lo(c), chy &) = e N er =i Nca=0Acy =rANes = —
Li(c1,¢0) — Li(c),cy) =t A La(cy, o, c3) — La(c), yy ) = pt] Ner = G ANea =y Neg =
0Ny = — Lay(cr,co,c3) — Lao(c), ¢y, &) = B+ €], it follows that TSC is uniquely

minimized at (a, 7, ).
Let (Oé, T, ﬁ) = (C; 037 C;)

Now, ECy(a, 1, B) = 1.

ECy(a,0,8) = 25t + (1,0, 1) ut.

ECy(a,r,B) — ECy(a,0,8) =1 — a9t — yo(1,0, 1) ut

> (r —a5t) — pt

> 0.

Thus the unique TSC-minimizing configuration of care costs is not a Nash equilibrium.
Thus f is inefficient for the application belonging to A considered herein.

Therefore it follows that if f violates the condition [(Fi € {1,2})(p; = 0) — (Vj €
{1,2})(p; = 1 — z; = 0)] then it is not efficient for all applications belonging to A.

Proposition 4 If a simple liability rule for successive joint torts f : {0,1}* — [0,1]°
satisfying the condition [(3i € {1,2})(p; = 0) — (V5 € {1,2})(p; =1 — z; = 0)] is
efficient for every application < Cy,Cyq,C3, Ly, Lo, (¢], c3,¢5) € M > belonging to A, then
the following holds: [(3i € {1,2,3})(p; =0) — (Vj € {1,2,3})(p; =1 — y; = 0)].

12



Proof: Let f be a simple liability rule for successive joint torts f : {0,1}3 + [0,1]° satis-
fying the condition [(Fi € {1,2})(p; =0) = (Vj € {1,2})(p; =1 — z; = 0)].

Suppose f violates [(Fi € {1,2,3})(pi = 0) — (Vj € {1,2,3})(p; = 1 — y; = 0)],
ie., we have: {i € {1,2,3} | p; =0} = N # 0N Y ,.n ¥ # 1. Among all such N,
{1e€{1,2,3} [ pi =0} = N"# DAY ,cp i # 1, choose the smallest one or one of the

smallest ones, and designate it by N°. There are six distinct cases to be considered:

(i) NO = {1}
(i) N* = {2}
(iii) N° = {3}
(iv) N° = {1,2}
(v) NO ={1,3}
(vi) N? ={2,3}.

As conceptually cases (i) and (ii) are similar, and cases (v) and (vi) are similar, it suffices

to consider only four cases.
Case: NV = {2}

Designate y2(1,0,1) by y5. By assumption, 39 < 1.
Choose t > 0; and let 0 < g9t <7 < t.

Ast >0 and r — y9t > 0, there exists a positive integer n such that:

0
1 r—Yst
=Ly
n t

Let:

S =n

a, B, €, €,€3 > 0.

€1+ € > Q.

Consider the application belonging to A given by:
C1 ={0,a};Cy ={0,r};C3 ={0,5}.

Let Ly be as given in the following array:

Ly(c1,c2)

co=0|co=r

01:0 61+/Jt €1

1=« ut 0

Let Ly be specified as given in the following two arrays:

Ly(cq,¢2,0)

13



cp =0 Co =T
01:0 62+t+6+63 62+6+63
t+ B+ e B+ €3

&1

I
Q

Ly(cy, c2, )

co=0|co=r

01:0 €2+t €9

L=« t 0

As we have (Y(c1,c,c3), (¢, 3))[[ct = 0N =aANea =y Nes = dy — Li(eq, ) —
Lyi(c),cy) = €1 N\ Lay(cr, ca,¢3) — La(c), ¢y, ¢h) =€) AN er =) ANea =0ANcy =1 Neg =y —
Li(c1,c2) — Li(c), ¢y) = pt A La(cq, e c3) — Lo(d), cy, s) =t ANjer = Nea = ¢y Neg =
ONCdy = B — Lo(er,co,c3) — Lo(c), ¢y, &) = B+ €], it follows that TSC is uniquely

minimized at (a, 7, 3).
Let (a7, 8) = (¢}, 5, ).

Now, ECy(a, 1, 3) = r.

ECy(a,0,8) = x5(1,0)ut + y2(1,0, 1)t = ut +y3¢t, as x5(1,0) = 1, in view of the condition
(3 € {1,2)(p: = 0) > (%] € {1,2})(p; = 1 = 2, = 0)].

ECy(a,r,8) — ECy(,0,8) =1 — ut — y5t

= (r—uyst) — ut

> 0.

Thus the unique TSC-minimizing configuration of care costs is not a Nash equilibrium.

Therefore f is inefficient for the application belonging to A considered herein.
Case: NY = {3}

Designate y3(1,1,0) by y5. By assumption, 3 < 1.
Choose t > 0; and let 0 < 43t < r < t.

Let:

a, B, €1, €, €3,64 >0

€1+ € >«

€3+ €4 > .

Consider the application belonging to A given by:
Cl = {0,0&};02 = {0,5}, Cg = {0,7’}.
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Let L, be as given in the following array:

Ly (01, 02)

ca=0|ca=

cp=01]¢€ +e3 €1

=« €3 0

Let Lo be specified as given in the following two arrays:

L2<01702>O)
co=0 |ca=p
ci1=0]€e+e+t]| g+t
1=« €4+t t
Ly(ci,co,7)
02:0 62:5
c1=0]€e+e €2
=« €4 0

As we have (Y(c1,c,¢3), (¢), by, 5))[[ct = 0N =aNeca = Nes = dy — Li(er, ) —
Ly(c),cy) = €1 N\ La(c1, ca,¢3) — La(c), &y, ) =€) ANfer =g ANea =0AN G, =B ANes = —
Li(c1,c2) — Ly(c), &) = €3 A\ La(cy,¢0,¢3) — La(c), ¢y, ¢5) = €4) Ner =) Nea =y ANeg =
OAcy =1 — Lo(cy, ca,c3) — La(cy, ¢y, c5) = t]], it follows that TSC is uniquely minimized

at (a, B,71).
Let (OZ,/B,T) = (CT7057C§)-

Now, ECs(a, B,7r) = 7.
EC3(a, 0) = ( ’ :
ECy(a, B,7) — < B.0) = gl

> 0.

Thus the unique TSC-minimizing configuration of care costs is not a Nash equilibrium.

Therefore f is inefficient for the application belonging to A considered herein.

Case: N° ={1,2}
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Designate y;(0,0, 1) by y? and (0,0, 1) by 39. By assumption, y¢ + 39 < 1.

Let ¢t > 0.

If 49 > 0,4 = 1,2, then choose 7; such that: 0 < ¢yt <r; < yoi
If y? = 0,7 = 1,2, then choose r; = 0.

Thus we have: 0 <r; +17ry <.

Choose v such that: r; +1ry < v < t.

Let: 0 <o <man{ry +§ —ty), ra + 5§ — tys}.

Consider the application given by:

Let Ly be as given in the following array:

1+y8t‘
Let: =t—v,e=v—(r;+rp);and 0 < 5 < 1.
Ol:{0,7’1+§};02:{0,T2+§};O3:{0,0é}.
Li(cy, c2)
c2=0|co=r2+35
oo [ 2| @
a=r+5| £ 0
Let Lo be specified as given in the following two arrays:
L2(Cl70270)
co =10 02:T2+§
1= it tetrd+ Y n+i+i+%
c1=r1+5 T2+§+g+a2—5 "‘2—5
Ly(cr, ¢z, )
02:O 02:7’2+§
01:0 7’1+7’2+6+(5 T1+§+g
a=r+5| rt+i+s 0

As we have (¥(cy,co,c3), (], 5, ¢5))[[cr

QT’B N La(cy, ca,¢3) — La(c), ¢, c4)

follows that TSC is uniquely minimized at (r; + §,72 + §,0).

16

— ab

2

Il

= 0N =+ 5N = Neg = ¢y —
Li(ci,e0) — Li(cy, &h) = %2 A La(cr, ea,¢3) — La(ch, chydy) =i+ S+ 8] Afles = ) Aep =
ONCy =1y +§5ANeg =y — Li(er,ca) — La(cy, ch)

rg—i—g—l-g}/\[cl = Nea=CcNes=0N =a— La(er,ca,c3) — La(c), &, %)

it



We have:

EC1(0,0,0) = 21(0,0)22 + (0,0, 1)(ry + 1o + € + 6 + 22).

ECi(ri +5,0,0) =71 + & +21(1,0)%2 + 41 (1,0, 1) (r2 + § + 3 + &),

21(1,0) = 0 by the condition [(Fi € {1,2})(p; = 0) — (Vj € {1,2})(p; = 1 — z; = 0)];
and y;(1,0,1) = 0 as N° = {1,2} is the smallest or one of the smallest among N’ such
that {i € {1,2,3} | pi =0} = N"#0ANY,cpvi # 1.

Therefore:

ECy(r1 + £,0,0) — EC1(0,0,0) = 71 + & — 21(0,0)% — 4,(0,0,1)(r1 + 79 + € + 5 + 22)
=745 —21(0,00% -yt + %)

> 71+ 5 —af -yt

>+ §—a—yt

>0,as 7+ 5 — it > o (P4.1)

EC5(0,0,0) = 22(0,0)22 + y2(0,0, 1)(r1 + 1o + € + 6 + 22).

ECy(0,79 4+ £,0) = 1y + £ +22(0,1)22 + 45(0,1, 1) (r1 + § + & + 22).

25(0,1) = 0 by the condition [(Fi € {1,2})(p; = 0) — (Vj € {1,2})(p; =1 — z; = 0)};
and y(0,1,1) = 0 as N° = {1,2} is the smallest or one of the smallest among N’ such
that {1 € {1,2,3} [p;i =0} =N'"#OAY .y vi # 1.

Therefore:

ECy(0,m5 + £,0) — EC5(0,0,0) =75 + & — 22(0,0)%2 — (0,0, 1)(r1 + 712 + € + 0 + 22)
=1y + § — 22(0,0)% — 48t + %)

>ry+ 5 —af —yst

>+ 5 —a—ydt

>0, a8 24+ 5 — Yot > o (P4.2)

EC3(0,0,0) = y3(0,0,1)(r1 + 79 + €+ 5 + <),

EC3(0,0,) = v+ y3(0,0,1)(ry + 79 + €+ 9).

Therefore:

EC3(0,0,a) — EC5(0,0,0) = o — y3(0,0,1)%2

>aq -2

> 0. (P4.3)
From (P4.1)-(P4.3), it follows that (0,0,0) ¢ M is a Nash equilibrium. Therefore f is

inefficient for the application belonging to A considered herein.
Case: N° = {2,3}

Designate y5(1,0,0) by y5 and y3(1,0,0) by 39. By assumption, y9 + 35 < 1.
Let t > 0.
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If 42 > 0,7 = 2,3, then choose r; such that: 0 < y% < r; < ﬁt
If 40 = 0,7 = 2,3, then choose r; = 0.

Thus we have: 0 < ry 4+ r3 < t.

Choose v such that: ro +1r3 < v < t.

Let: =t —v;e=v—(ro+r3);and 0 < 5 < 1.

Let: 0 < a <min{ry + 5 —tyd,rs + 5 — ty9}.

Consider the application given by:
Cr=10.0}C =107+ 51 C=1{0.75+ 3}

Let L be as given in the following array:

Li(ci,c2)

co =10 02:7"24—%
om0 ¥ 9
] =« % 0

Let Lo be specified as given in the following two arrays:

Ly(0, ¢z, c3)
03:0 03:T3+§
Ccy = rot+rstetd+ L+ s+i+ L
ca=ro+§| matE+i+L 28

Ly(a, ca, c3)

6320 63:T3+§
=0 |ra+rs+e+d|r+5+3
o=rot+ 5| T3tE+3 0

As we have (Y(cy,c9,¢3), (¢, ¢, ))[[ct = 0N =aNea = Neg =y — Li(er,e0) —
Ly(c), cy) = ‘1—6 A Lo(cy, ca,c3) — La(c), &y, cy) = a—f] Ne=dNea=0Acy =ry+5Neg =
chy = Li(ci,ca) = Li(ch, cy) = 2L A Lo(er, ca,c3) — Lo(c), ¢y, &) = ra+ S+ 3] Aler = ¢ Acy =
hANcs=0Ady =r3+5 = Lo(cr,ca,¢3) — Lo(c), ¢y, &) = r3 + £ + 2], it follows that TSC

is uniquely minimized at (0,7ry + §,73 + 5).

We have:
EC1(0,0,0) = 21(1,0)%2 + 41(1,0,0)(r1 + 12 + € + 6 + ).
ECi(,0,0) = a+ 21(1,0)%2 + 3,(1,0,0)t.
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21(1,0) = 0 by the condition [(Fi € {1,2})(p; =0) = (V5 € {1,2})(p; =1 — z; =0)].
Therefore:

EC(e,0,0) — EC1(0,0,0) = o + y1(1,0,0)t — 51 (1,0,0)(t + )

=a—y(1,0,00%

>a—%

> 0. (P4.4)
EC5(0,0,0) = 22(1,0)%2 + y5(1,0,0)(t + 22).

BCy(0,79 4+ £,0) =y + £ + 22(1,1)22 + 41(1,1,0)(r3 + § + & + <),

72(1,0) = 1 by the condition [(F € {1,2})(p; =0) = (Vj € {1,2})(p; =1 — x; = 0)];
and y;(1,1,0) = 0 as N° = {2,3} is the smallest or one of the smallest among N’ such
that {i € {1,2,3} |pi =0} =N #0AY ,cn v # 1.

Therefore:

ECy(0,75 + £,0) — EC5(0,0,0) = 75 + & + 22(1,1)% — 28 — 45(1,0,0)(t + 22)

= (ra+ 5 —y8t) + 2ao(1, )Y = — 1Y

> (ro+ 5 —yst) —ap

> (rp 4 5 —yst) — «

> 0. (P4.5).
EC3(0,0,0) = y3(1,0,0)(ry + 13 + € + 0 + 22).

EC5(0,0,r5+ £) =13+ § +y3(1,0,1)(ra + § + £ + 22).

We obtain y3(1,0,1) = 0 as N° = {2,3} is the smallest or one of the smallest among N’
such that {i € {1,2,3} |pi =0} =N #0AD,pvi # 1.

Therefore:

EC5(0,0,73 4 £) — EC3(0,0,0) = r3 + & — y3(1,0,0)(t + 22)

= (rs+ § —y8t) —48%

> (r3+ 5 —yst) — «

> 0. (P4.6)
From (P4.4)-(P4.6), it follows that (0,0,0) ¢ M is a Nash equilibrium. Therefore f is

inefficient for the application belonging to A considered herein.

Thus in each case of violation of the condition [(Fi € {1,2,3})(p; = 0) — (Vj €
{1,2,3})(p; = 1 — y; = 0)], it has been shown that f is inefficient for some applica-

tion belonging to A. The proposition, therefore, stands proved.
O

Theorem 2 A simple liability rule for successive joint torts f : {0,1}3 +— [0,1]° is effi-
cient for for every application < Cy,Cs, Cs, Ly, Lo, (¢}, ¢5, ¢5) € M > belonging to A iff it
satisfies the condition of negligence liability for successive joint torts (NL-SJT).
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Proof: Let f: {0,1}® — [0, 1]° be a simple liability rule for successive joint torts. If f sat-
isfies NL-SJT then f is efficient for all applications < C4, Cy, Cs, Ly, Lo, (¢}, c3,¢5) € M >
belonging to A by Corollary 1; and if f is efficient for all applications < Cy, Cy, Cs, Ly, Lo, (¢], 5, ¢5) €
M > belonging to A then it satisfies NL-SJT by Propositions 3 and 4.

]

4 Concluding Remarks

In this paper it has been shown that NL-SJT is a sufficient condition for a liability rule
for successive joint torts to be efficient with respect to A; also that NL-SJT is a necessary
condition for a simple liability rule for successive joint torts to be efficient with respect to
A. An obvious question that arises is as to whether NL-SJT is a characterizing condition
for efficiency with respect to A also for the class of all liability rules for successive joint
torts, and not merely for the subclass of all simple liability rules for successive joint torts.
Because of the generality of the notion of a liability rule for successive joint torts, the

necessity question poses seemingly intractable difficulties.

In view of the facts (a) that a necessary condition for any simple liability rule for successive
joint torts to be efficient with respect to A is that it satisfy the condition of NL-SJT, (b)
that NL-SJT is a sufficient condition for any liability rule for successive joint torts to be
efficient with respect to A, and (c) that the class of simple liability rules for successive
joint torts is a proper subclass of the class of liability rules for successive joint torts; it
follows that logically there are only two possibilities regarding efficiency conditions for the
entire class of liability rules for successive joint torts. These possibilities are: (i) NL-SJT
is a necessary and sufficient condition for any liability rule for successive joint torts to
be efficient with respect to A. (ii) There is no condition which is both necessary and
sufficient for any liability rule for successive joint torts to be efficient with respect to A.

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