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Abstract

The paper, by providing example of an efficient liability assignment rule under which liabilities of interacting parties for

accidental losses is not always coupled, demonstrates that decoupling is not inconsistent with efficient assignment of
liabilities.
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1. INTRODUCTION

The problem of the presence of negative externalities resulting in inefficiencies has been
extensively studied in economics and it is well known that imposition of appropriately
designed taxes is one solution to the problem.ﬂ An alternative solution is the legal remedy
of assignment of liabilities between the interacting parties. Efficient assignment of liabili-
ties is one of the primary concerns of the law and economics literature] In the framework
which is now standard in this literature, the analysis is usually done in the context of
interactions between two risk-neutral parties who are strangers to one another. It is as-
sumed that the loss, in case of accident, falls on one of the parties called the victim. The
other party is referred to as the injurer. The probability of accident and the actual loss
in case of accident is assumed to depend on the care levels of the two parties. It is also
assumed that the social objective is to minimize the total social costs which are defined
as the sum of costs of care of the parties involved and the expected accident loss. A rule
for the assignment of liabilities specifies the portions of the loss, in case of occurrence of
accident, that the victim and the injurer have to bear for every possible combination of
their levels of nonnegligencef] A rule for assignment of liabilities is said to be efficient if
and only if it always induces both parties to choose care levels that minimize total social
costs.

The assignment of liabilities corresponding to any combination of the levels of non-
negligence of the interacting parties is said to be coupled if and only if the interacting
parties together are made to bear the full loss and is said to be decoupled if and only if
the interacting parties together bear less or more than the loss. The standard rules used
by courts are all examples of rules under which liabilities are coupled for all combinations
of levels of nonnegligence of the parties[] The rule under which the injurer pays tax equal
to the harm and the victim bears his loss is an example of a rule under which liabilities

!The problem of designing appropriate taxes to deal with negative externalities was formally analysed by
Pigou/ (1920)).

ZSee (Calabresil (1961)), (Calabresi (1965)), Calabresi (1970), |Coase| (1960), Brown| (1973), Diamond! (1974),
Posner| (1972]), [Posner| (1973]), [Shavell| (1980), lJain and Singh| (2002) and |Jain| (2012)). Brown was the first
to present formal analysis of many of the important rules for assignment of liabilities. The subsequent
literature is built upon Brown’s formal model. A systematic treatment of the economic analysis of rules
for the assignment of liabilities is contained in [Jain| (2015).

3Nonnegligence of a party is defined with respect to a court specified due care level. If there is a legally
specified due care for a party and the party chooses a care level which is less than the due care specified for
the party then the party is called negligent, otherwise the party is nonnegligent. The level of nonnegligence
of a party is either 1 or the ratio of his actual level of care to the due care level legally specified for him,
whichever is lower.

4The rules of no lLiability, strict liability, negligence, strict liability with the defence of contributory neg-
ligence and negligence with the defence of contributory negligence are among the rules which are most
widely used by courts and extensively analyzed in the literature. The assignment of liabilities under these
rules are as follows:

(i) No liability: the victim always bears the entire loss and injurer bears nothing.

(ii) Strict liability: the injurer is always liable for the entire loss and victim bears nothing.

(iii) Negligence: if the injurer is negligent then he has to bear the entire loss and victim bears nothing;
if the injurer is not negligent then he bears nothing and the entire loss is borne by the victim.

(iv) Strict liability with the defence of contributory negligence: if the victim is negligent then he has
to bear the entire loss and injurer bears nothing; if the victim is not negligent then he bears
nothing and the entire loss is borne by the injurer.

(v) Negligence with the defence of contributory negligence: if the injurer is negligent and the victim
is not then he has to bear the entire loss and victim bears nothing; otherwise he bears nothing
and the entire loss is borne by the victim.



are decoupled for all combinations of levels of nonnegligence of the parties. It has been
established in the literature that while there are efficient rules under which liabilities are
always coupled[] rules under which liabilities are always decoupled are all inefficient[]
Thus it appears that the notion of decoupled liability is inconsistent with efﬁciencyﬂ

In this paper we consider a very general class of rules called liability assignment rules
under which the assignment of liabilities can be coupled for some combinations of the levels
of nonnegligence of the interacting parties and decoupled for other combinations, and
explore the possibility of efficient assignment of liabilities in the presence of decoupling.
We provide example of an efficient liability assignment rule which exhibits decoupling
only when both parties are negligent and conclude that decoupling liability is not entirely
inconsistent with efficiency.

The paper is organized as follows: The model is presented in Section 2. All definitions
and assumptions are stated here and are illustrated with appropriate examples. Section
3 contains the main result of the paper. Section 4 concludes the paper.

2. MODEL

We consider interactions, between two parties (generically called party i where ¢ €
{1,2}) assumed to be strangers to each other, which can result in an accidental harm
falling on party 1. We’ll refer to party 1 as the victim and party 2 as the injurer. It
is assumed that the probability of accident and the magnitude of harm in case of an
accident depends on the level of non-negative care that the parties might choose to take.
Let a; > 0 be the index of the level of care taken by party i and let A; = {a; | a; > 0 be
the index of some feasible level of care which can be taken by party i}. We assume that
0€ A (A1)
We denote by ¢;(a;) the cost to party ¢ of care level a;. Let C; = {c;(a;) | a; € A;}. We
assume

We also assume that
¢; is a strictly increasing function of a;. (A3)

In view of (A2) and (A3) it follows that (V¢; € C;)(¢; > 0).
A consequence of (A3) is that ¢; itself can be taken to be an index of the level of care

SRules under which the assignment of liabilities are always coupled are called liability rules. [Jain and
Singh| (2002) establishes that a liability rule is efficient if and only if it satisfies the condition of negligence
liability. The condition of negligence liability requires that whenever one party is negligent and the other
is not the negligent party should bear the entire loss and the nonnegligent party should bear none of the
loss.

6According to [Shavell (2007) (footnote 8 in p. 147), the rule under which the injurer pays tax equal to
the harm and the victim bears his losses, efficiency would obtain even when both care and activity levels
can be varied: ‘However, fully optimal behavior can readily be induced with tools other than liability
rules. For example, if injurers have to pay the state for harm caused and victims bear their own losses,
both victims and injurers will choose levels of care and of activity optimally’. |Jain| (2012) analyses the
set of all rules under which the assignment of liabilities is either coupled always or decoupled always and
demonstrates that every rule under which the liabilities are always decoupled is inefficient even in the
case of fixed activity levels.

It has been argued that efficient assignment of liabilities not only requires internalization of the harm by
both parties but also the closure of the externality with respect to the interacting parties. Rules under
which the liabilities are always coupled automatically satisfy the closure property by apportioning the full
loss between the victim and the injurer and therefore efficiency for such rules depend on whether or not
the parties are induced to internalize the harm. On the other hand, rules under which the liabilities are
always decoupled necessarily lead to violation of the closure property and therefore result in inefficiency.
See |Jain| (2012).



taken by party .

Let 7w : C; xCy — [0, 1] denote the probability of occurrence of accident and H : Cy x Cy +—
R, the loss in case of occurrence of accident. Let L : Cy x Cy — R, be defined as:
L(cy, o) = m(cq, c2)H(ey, o) for all (¢, co) € Cy x Cy. L is thus the expected loss due to
accident.

We assume:

7w and H are non-increasing in ¢; and cs. (A4)
(A4) implies that L is non-increasing in ¢; and cs.

We define the total social cost of the interaction between the two parties, T : C7 x Cy +—
Ry, as: T(er,02) = ¢+ ca + Ly, o) for all (c1,¢2) € Cp x Cy. Let M = {(c},c)) €
C1 x Cy | (V(er,e2) € Cy x Cy)[T(c),¢y) < T(c1,c2)}. Thus M is the set of all costs of
care profiles (¢}, ¢;) which are total social cost minimizing. It will be assumed that:
C1,Cs,m and H are such that M is nonempty. (A5)

Negligence. Legal assignment of liabilities for the losses may depend on negligence or
otherwise of the parties. A party is considered negligent iff she is found to have taken less
than the care due from her. In order to identify a reference point for the specification of
due care levels and to formalize the notion of negligence of the parties we take (¢}, c5) € M
and define functions p; : C; — [0, 1] as follows:

pz(cz) = 4 if C < C;-k

c;
= 1 otherwise.

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

If there is a legally specified due care level for party ¢ then ¢ used in the definition of
p; would be taken to be identical with the legally specified due care level. If no due care
level is legally specified for party ¢ then ¢} used in the definition of p;, can be taken to be
any ¢ € C; subject to the requirement that (¢}, ) € M. Therefore in all cases, for each
party ¢, ¢; would denote the legally binding due care level for party + whenever the idea
of legally binding due care level for party i is applicable. ﬂ

Liability Assignment Rule. A liability assignment rule is a function g : [0,1]*
[0,00)2, such that: g(p1,p2) = (21, ), where z is the portion of loss to be borne by the
victim and x5 is the portion of the loss to be borne by the injurer. In other words, a
liability assignment rule is a rule which specifies, for every possible configuration of the
levels of nonnegligence of the two parties, the portions of the loss, in case of accident, to
be borne by each of the two parties.

A liability assignment rule g is called (i) a liability rule iff 21 + x5 = 1 for all (p1,ps) €
[0,1]2 and (ii) a hybrid liability rule iff z; + x5 = k for all (p, o) € [0, 1]% where k € R[]
The liability assignment under a liability rule is such that the victim and the injurer to-
gether bear the exact amount of the loss. Thus, by definition, the assignment of liabilities
under a liability rule is always coupled. The same is not true about a hybrid liability rule
or a liability assignment rule in general. While the assignment of liabilities under any

8Thus, 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.

9While liability rules have been extensively studied in the literature, |Jain! (2012) was the first to introduce
and analyze the notion of a hybrid liability rule. The notion of a liability assignment rule was also
introduced by |Jain| (2012)).



hybrid liability rule which does not belong to class of liability rules is always decoupled;
the assignment of liabilities under a liability assignment rule can be coupled for some
configurations of nonnegligence of the parties and decoupled for other conﬁgurations.m

Example 1. Consider the following liability assignment rules:

(1) g1 (The standard negligence rule): If the injurer is negligent then he has to bear
the entire loss and victim bears nothing; if the injurer is not negligent then he bears
nothing and the entire loss is borne by the victim.

gi(p1,p2) = (0,1) ifpa<1
(1, 0) otherwise.

(ii) g2 (The rule under which the injurer pays tax equal to the harm and the victim
bears his losses): The injurer and the victim both bear the full loss individually.

92(p1,p2) = (1, 1) for all (py,p2).

(iii) gs: If the injurer is not negligent then he bears nothing and the entire loss is borne
by the victim; if the injurer is negligent and the victim is not then the injurer has
to bear the entire loss and victim bears nothing; and if both are negligent then each
one has to individually bear the entire loss.

g3(p1,p2) = (1, 1) ifpi,pa<1
= (07 1) prl = 1>p2 <1

Note that gy is a liability rule; g is a hybrid liability rule (with k = 2) always resulting
in a decoupled assignment of liabilities and under g3 the assignment is decoupled if and
only if both parties are negligent.

An application, w of a liability assignment rule is a specification of C,Cy, m, H and
(ci,¢5) € M. Let Q denote the set of all applications which satisfy assumptions (A1) -
(AD).

Let g be any liability assignment rule and w € €2 be any application of g. If the
victim chooses ¢, the injurer chooses ¢ and the accident occurs then the actual loss will
be H(cy,c). According to g the victim will be made to bear z1(p1(c1), p2(co))H (c1, ¢2)
and the injurer will be liable for xo(p1(c1), pe(c2))H (c1,¢2). Ep @ Cp x Cy — R, defined
as: Ey(c1,c0) = 1 + x1(p1,p2)L(cy, c2) for all (c1,c0) € Cp x Cy is the expected cost
to the victim and Ey : C; x Cy — R, defined as: Es(c1,¢2) = ¢ + x2(p1,p2) L(cy, c2)
for all (¢1,c0)c € C7 x Cy is the expected cost to the injurer. We assume that for all
(c1,¢2), (), ¢y) € Cy x Cy, the victim considers (cg, ¢2) to be at least as good as (¢, ¢,) iff
Ei(c1,c9) < Ei(d), ¢y) and the injurer considers (1, ¢) to be at least as good as (¢}, ) iff
Ex(c1,c9) < Eo(c), ). Thus an application of a liability assignment rule is a two-player
simultaneous move game in which the strategies are the feasible levels of care and the
payoffs are the expected costsE|

ONote that the class of all liability rules is a proper subclass of the class of all hybrid liability rules and
the class of all hybrid liability rules is a proper subclass of the class of all liability assignment rules.
HTt has to be noted that the payoffs are non-positive.



A liability assignment rule, g is said to be efficient for w iff (i) there exists a Nash
equilibrium and (ii) every Nash equilibrium minimizes TE A liability assignment rule, g
is said to be efficient for € iff it is efficient for every w € Q.

Example 2. Consider an application such that C; = Cy = {0,5,10} and the expected
loss is as given in Table I.

TABLE I. Expected loss function

Ca
0 5 10
0 [30]20]19
cgc 5120109
101191 9 | 2

Note that M = {(5,5)}. Let (c},c5) = (5,5).
Consider the above as an application of g1. The payoff matriz of the game induced by
g1 1s giwven in Table II.

TABLE II. Payoff matrix under ¢,

0 5 10
0 [ (0,30) [(20,5) [ (19,10)
e 5[ (5,20) | (15,5) | (14, 10)
10 [ (10,19) | (19,5) | (12, 10)

(5,5), the unique total social cost minimizing configuration of care levels, is also the
unique Nash equilibrium of this game. Therefore g, is efficient for the given application.lﬂ
Now consider the application in Table I as an application of go. The payoff matrixz of the
game induced by gs s given in Table II1.

TABLE III. Payoff matrix under g

Ca
0 5} 10
0 (30,30) (20,@) (19,29)
¢ 5 [(25,20) | (15,15) | (14,19)
10 [(29,19) [ (19, 14) | (12, 12)

(10,10) is a Nash equilibrium of this game but (10,10) ¢ M. Therefore go is not
efficient for the given application.

Finally consider the application in Table I as an application of gs. The payoff matriz of
the game induced by gs is given in Table IV.

(5,5), the unique total social cost minimizing configuration of care levels, is also the
unique Nash equilibrium of this game. Therefore g3 is efficient for the given application.lﬂ

20nly pure strategy Nash equilibria are considered in this paper.
31t follows from the main result of \Jain and Singh (2002)) that g is efficient for every application in €.
MTheorem 1 establishes that gs is efficient for every application in 2.



TABLE IV. Payoff matrix under g3

0 5 10
0 [(30,30) [ (20,5) ] (19, 10)
ci 5 | (5,20) |(15,5) | (14,10)
10 [ (10,19) | (19,5) | (12,10)

3. RESULT: g3 IS AN EFFICIENT RULE
Proposition 1. Let w € Q be any application of gs. (ci,ch) is a Nash equilibrium.

Proof. Consider any application w € Q of g3. Suppose (cj,c3) is not a Nash equilib-
rium. (¢}, c3) is not a Nash equilibrium implies that there exists ¢} € C) such that
E\(d,c3) < Er(c},cb) or there exists ¢, € Cy such that Es(c, dy) < Ex(cf, c3).
Suppose there exists ¢ € C such that Ey(c], ) < Ev(c,cb). Ey(c, ) =+ L(d), cb)
and Ey(c, ) = i+ L(c}, ¢b) by definition of g;. Therefore, F1(c|, ¢3) < Ei(c}, ¢5) implies
T(cy,c5) < T(ct,c;) which contradicts the fact that (¢f,cl) € M.
Suppose there exists ¢, € Cy such that Fs(c}, ¢)y) < Es(c}, ). Note that, by definition
of g3, Ex(c},c3) = ¢3. Also, by definition of g3, if ¢}, < ¢ then Es(c}, ch) = ¢ + L(ct, ).
Therefore, if ¢, < ¢ then Ey(c}, ) < Es(cf,¢h) implies T(c),¢;) < T(c}, ) which
contradicts the fact that (c¢j,c3) € M. If ¢4 > ¢ then FEy(ci,ch) = . Therefore
Ex(ci,dy) < Es(ci, ¢3) cannot happen.
Thus (cf, ¢3) is a Nash equilibrium.

O

Proposition 2. Let w € Q be any application of g3. If (¢1,¢2) € Cy x Cy is a Nash
equilibrium then (¢1,¢2) € M.

Proof. Consider any w € 2 and take any (¢, ¢2) which is a Nash equilibrium. (¢;,¢) is a
Nash equilibrium implies F1(¢;,¢) < Ey(cf, ) and Ey(¢1,C) < Es(¢y, ¢3) and, therefore,
E\(C1,C) + Ex(1,¢2) < Ey(cf,C2) + Ex(C1, ¢;) which, in view of the fact that z9(p;,1) =0,
further implies

C1 + Co + (fl + TQ)L(61,52> S CT -+ C; -+ .Tl(l,]_h)L(CT,EQ). (31)
If ¢, < ¢f and & < ¢ then T = Ty = 1 and z1(1,p,) = 0, and thus T(¢;,G) <
C1+Co+ (T1 +T2)L(¢1,¢) and ¢ + & +x1(1, o) L(c},C) = ¢ + ¢ < T(c}, ¢3). Therefore
(2.1) implies T'(¢1,¢2) < T'(cf, c).
If ¢, > ¢f and & < ¢ then T3 = 0, T = 1 and z1(1,p,) = 0 and thus 7'(¢;,¢) =
C1 40+ (T1 +T2)L(C1,¢2) and ¢ + ¢ +x1(1,D5) L(cf,C) = ¢ + ¢ < T(c, ¢3). Therefore
(2.1) implies T'(¢1,¢2) < T'(cf, c3).
Finally, if ¢ > ¢ then 7, = 1, Ty = 0, 21(1,p5) = 1 and L(c}, %) < L(c},¢5) and thus
T(¢1,¢) = C1+C+ (T1 +T2)L(C1,¢2) and ¢ + 5 +x1(1,Dy) L(c}, C2) = ¢+ 5+ L(cf, T) <
i+ s+ Lcy, ) =T(c, c3). Therefore (2.1) implies T'(¢1,¢) < T(cf, ¢5).
Thus in all cases (2.1) implies T'(¢1, ) < T'(cf, ¢b). This, in view of the fact that (¢}, c}) €
M, implies (61,52) e M. ]

Theorem 1. Liability assignment rule g3 is efficient.

Proof. Immediate from Propositions 1 and 2. 0



4. CONCLUSION

Assignment of liabilities for accidental losses could be decoupled when (i) a part of the
amount imposed on the injurer is allocated to some state or court administered fund or (ii)
the victim is compensated out of some special fund set up for this purpose. Several states
in the United states have split recovery statues which require mandatory state sharing of
damages. In many jurisdictions, victims are often compensated by the state if the injurer
is insolvent and judgement—proofE]

This paper demonstrates the existence of an efficient liability assignment rule, g3, under
which the assignment of liabilities is decoupled in case both parties are negligent and it
is coupled in all other cases. Thus it follows that the coupling of liabilities for all possible
nonnegligence profiles is not required for efficiency. It is not very difficult to see that g3 is
not the only efficient liability assignment rule which exhibits decoupling for some nonneg-
ligence profiles. It would be interesting to find a set of conditions which are necessary and
sufficient for efficiency of liability assignment rules and to examine the extent to which
the coupling of liabilities is relevant for efficiency.
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