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This paper investigates three important issues in law and
economics: the incentive to take care in the presence of
nuisance suits, the incentive to bring about a nuisance suit by
a plaintiff, and how to resolve a legal dispute. For this, we
consider a three-stage game between a plaintiff and a defendant.
We identify two types of equilibria one of which prevails,
depending on the parameter values. The main results show that:
generally the equilibrium level of care differs from the socially
optimal care level; nuisance suits are not fully deterred; in some
cases, litigation cannot be avoided because of the informational

asymimetry.
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I. Introduction

Following are important issues in law and economics literature.
(1) The incentive to take care in the presence of nuisance suits. (2)
The incentive to bring about a nuisance suit by a plaintiff. (3) How
to resolve a legal dispute. In the existing literature, these issues
have been analyzed separately. For the first issue, starting with
Png (1983), many authors have analyzed one-period model under
incomplete information and have shown that a trial many result as
an equilibrium behavior.! However, these models are criticized on
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the ground that it lacks a dynamic structure. Cheung (1988)
extends Rubinstein’s (1982, 1985) sequential bargaining model to
the context of pre-trial negotiation. He shows that in a unique
subgame perfect equilibrium, the parties will settle immediately.
With complete information, he cannot explain going to court as an
equilibrium behavior. Wang, Kim, and Yi (1994) extend his model
to the incomplete information case and show that a trial may arise
in equilibrium. Spier (1992) also considers a sequential bargaining
model of pre-trial negotiation. She shows that for the fixed trial
date, a deadline effect emerges where much settlement occurs just
prior to the trial. With endogenous trial date, even under the
complete information, multiple equilibria exist and that agreement
may be delayed in equilibrium and the case may go to court. This
line of literature mainly focuses on the resolution of legal disputes
and the remaining two issues have not been properly addressed.

Recently, in law and economics so-called the nuisance suits or
frivolous suits receive many attentions.2 Broadly speaking, a
nuisance suit is defined to be a non-meritorious suit that is filed
only in the hope of obtaining a favorable out-of-court settlement.
Although the plaintiffs threat to go to court is not credible in a
nuisance suit, it is quite possible when the plaintiff has private
information about the damage. In other words, the defendant rarely
has complete information about the merit of a claim against him.
As noted by Katz (1990), nuisance suits may cause serious
problems with both efficiency and fairness. In the presence of
nuisance suits, the problem is, on one hand, to protect the genuine
claims and, on the other hand, to deter nuisance suits. In the
existing literature, static models prevail. The analysis needs to be
extended to a model with a dynamic structure.

The third line of literature focuses on whether the court can give
people an incentive to treat each other fairly or, in other words, an
incentive to take due care. The central theme of the economic
theory of liability is how to induce an injurer to take the socially
optimal level of care.3 This line of literature does not consider the

'For example, Bebchuk (1984) and Nalebuff (1987) consider a model
where an uninformed plaintiff makes an offer. Salant (1984) and Reinganum
and Wilde (1986) examine cases where an informed plaintiff makes an offer.
Png (1987) considers a cases where an informed defendant makes an offer.

2For example, see Rosenberg and Shavell (1985), Bebchuk (1988) and
Katz (1990).
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possibility of pre-trial negotiation by simply assuming that when-
ever there is a damage, the victims automatically go to court. Since
litigation is a costly process, the possibility of settlement out of
court may be an important feature. In particular, in connection
with nuisance suits, the possibility of pre-trial negotiation should
be explicitly considered. Furthermore, a rich model with dynamic
structure is preferable.

These issues are clearly interrelated with one another and should
be desirably addressed together. This paper provides an integrated
model which analyzes three issues together; (1) What is the
incentive to take care in the presence of nuisance suits when
pre-trial negotiation is possible? (2) What is the incentive for the
plaintiff to bring about a nuisance suit? and (3) Once a suit is filed
so that the defendant and the plaintiff are engaged in a legal
dispute, how do they resolve the conflict, either by settling out of
court, or by going to court?

For this, we consider a three-stage game between a defendant
and a plaintiff. In the first stage, called the care-taking stage, the
defendant chooses a level of care which affects the probability
distribution of damage to the plaintiff. In the second stage, called
the filing stage, once the defendant takes the care, the actual
amount of damage is realized. This is private information to the
plaintiff which cannot be observed by the defendant. Knowing the
actual damage, she decides whether to file or not. If she does not
file, the game ends. However, if she does file a suit by paying a
filing cost, the game moves to the third stage called the bargaining
stage. In this stage, the plaintiff and the defendant decide whether
to settle or to resort to the court. We assume that the plaintiff and
the defendant will play a variant of extensive form game studied by
Wang, Kim, and Yi (1994).

By solving the game backward, we characterize a unique
sequential equilibrium of the entire game. The bargaining stage is
basically the same model examined by Wang, Kim, Yi (1994).
Although Wang, Kim, Yi (1994) do not consider the possibility of
nuisance suits explicitly, it can easily be incorporated into their
model. For the bargaining stage, we adopt their result which shows
that in equilibrium, when the defendant makes an offer, the

SFor example, see Posner (1986), and Polinsky and Rubinfeld (1988a,
1988b).
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plaintiff whose net recovery from the litigation is smaller than the
offer accepts it. The plaintiff whose net recovery from the litigation
is greater than the offer rejects it and goes to court next period.

In the filing stage, we identify a critical level of care with the
following properties. If care level less than that, all the plaintiffs file
a suit so that no nuisance suit is deterred at all. It is called the
first type of equilibrium. For care level higher than that, some
portion of nuisance suits are filed and some portion are not. All
the plaintiffs with merit of claim file. In the bargaining stage, the
defendant makes an offer equal to the filing cost. In this
equilibrium, some nuisance suits are deterred. It is called the
second type equilibrium.

Finally, in the care-taking stage, as in the filing stage, we
identify two types of equilibria in the entire game one of which
prevails, depending on the relative magnitudes between care-taking
cost and bargaining cost. In our model, the defendant has a
trade-off between a level of care and a settlement offer. In
equilibrium, these two factors are balanced. The first type of
equilibrium is more likely when the cost of taking high care is
enormous. In this case, the defendant chooses a low level of care
which induces the first type equilibrium in the filing stage. The
second type of equilibrium is more likely to arise when the cost for
taking high care is small. In this case, the defendant chooses a
high level of care which leads to the second type equilibrium in the
filing stage.

Finally, some comparative statics and welfare results are given.
For the first type of equilibrium, the equilibrium level of care is
increasing with respect to the discount factor and the litigation
costs. Also there exists a threshold level of discount factor such
that for all discount factors less than that, the equilibrium level of
care is less than the first best level of care, and for all discount
factors greater than that, the equilibrium level of care is greater
than the first best level of care.

The paper is organized as follows. In section II, a formal model is
presented. In section III, we analyze the bargaining stage. As
mentioned earlier, the main result is adopted from Wang, Kim, Yi
(1994). Following section III, we consider the incentive of the
plaintiff whether to file or not in section IV. In section V, we
examine the incentive to take care and characterize the equilibrium
of the entire game. In section VI, we report some comparative static
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results and welfare analysis which compares the equilibrium level
of care with the first best level of care. Concluding remarks follow.

II. The Model

We consider the following three-stage game between two economic
agents. In the first stage called the care-taking stage, an economic
agent called ‘Defendant,” denoted by D is engaged in some economic
activity which may cause damage to the other economic agent
called ‘Plaintiff, denoted by P. The amount of damage is private
information to the plaintiff; it cannot be observed by the defendant,
who only knows the distribution of the damage.

Although the defendant cannot observe the amount of damage,
he anticipates that in the later stage the plaintiff may file a lawsuit
against him, and he may therefore have an incentive to take ‘care’
in order to reduce the amount of damage in a probabilistic way.
We denote by a the level of care taken by the defendant. We
assume a&(0,) and that the level of care is observable to the
plaintiff, but may not be verifiable in court. We denote by V(a) the
cost to the defendant when he takes care level a.

In the second stage called the filing stage, once the defendant
takes the care level a, then according to the probability density
function flx,a), the amount of damage denoted by x is realized. x is
private information to the plaintiff. We identify the type of plaintiff
with the amount of damage, thereby, denote by P, the plaintiff with
the amount of damage x. In this stage, each plaintiff has to decide
to whether to file a suit or not. If she does not file a suit, the
game ends and —V(a) and zero are the payoffs for the defendant
and the plaintiff, respectively. If the plaintiff decides to file a suit,
she has to pay c as a filing cost. Once the plaintiff files, it will
initiate the third stage.

In the third stage called the bargaining stage, the defendant and
the plaintiff decide whether to settle the suit or to go to court. We
assume that the defendant and the plaintiff will play the following
extensive form game.

D moves first. He offers some settlement amount. P either
accepts it so that the game ends, or rejects it. If she rejects the
offer, in the next period she makes a counteroffer or goes to court.
If she makes a counteroffer, and D accepts it, the game ends. If D
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rejects, he can make a counteroffer in the next period, and so on.
If P goes to court, the court decides the amount that D should pay
to P. We assume the amount of damage is verifiable at court so
that whenever P, goes to court, the court always decides that D
should pay x to P.. In this case, however, each party incurs the
litigation costs. Let ¢, and cq4 be the litigation costs incurred by P
and D, respectively. Let ¢ be the common discount factor for both
parties. When P and D settle at period t at the amount s, §' 's—c¢
and —(V(@+ 8" 's) are the payoffs to P, and D, respectively.
Instead of settling outside the court, if P, goes to court at period ¢,
8t71(x—cp)—c and —(Vi@+ 8 '(x+cq) are the payoffs to P. and D,
respectively. If both parties do not settle forever and P does not go
to court, —c and —V(a) are the payoffs to P and D, respectively.
We now make the following assumptions about Vi(a), the
cumulative distribution, F(x,a) and its density function flx,a). For
the distribution and density functions, ’ and subscript a mean the
differentiation with respect to x and a, respectively. For example,

S'=af/ ox, fa= af/ oa.

Assumption 1 V(a) is twice continuously differentiable with V.(a)>0
and Vg(a)>0.

Assumption 1 says that the higher care the defendant takes, the
more it costs, and the rate of increase is non-decreasing.

Assumption 2 For all a=(0,»), filx,a)>0 over [0,%), and flx,a) is
twice continuously differentiable with respect to x and a.

This is an assumption for the support of the distribution. We
assume that regardless of a, the support is the non-negative real
line.

Assumption 3 For all a=(0,»), E(x:a)= f “xfddx<co and lim E(x:a)
0 a=

=00,

If E(x:a)=c, in the bargaining stage, the expected cost for the
defendant is infinite and the problem becomes trivial. In order to
avoid this, we assume that for all a, E(x;a)<co. tllij'l}E(x:a)=oo
guarantees that the defendant should choose strictly positive a.
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Assumption 4 For all a=(0,>), fix,a)/Flx,a) is decreasing in x, ie.,
a(flx,a)/Flix,a))/ 0x<O0.

This is an assumption for the behavior of density-distribution
ratio. A sufficient condition for this assumption is that the hazard rate
Jix,a)/ (1 —Fx,a)) is decreasing in x.

Assumption 5 The family of densities {fx,a),a=(0,0)} satisfies Monotone
Likelihood Ratio Property (MLRP), i.e., whenever a’>a, fix,a)/flx,a) is
decreasing in x. In other words, for all a’>a, J(flx,a)/flx,a))/ox<0.

What MLRP says is that under higher level of care, smaller
damage is more likely. It is well-known that MLRP implies the
first-order stochastic dominance; for all x&(0,o), Flx,a) is increas-
ing in a. Actually, what we need is that for all x&(0,),
Jix,a)/Flx,a) is decreasing in a. Later, we will show that MLRP
implies this.

Assumption 6 For all x<(0,>0), Fylx,a)>0, and Fg(x,a)<O.

The first part of this assumption is already implied by MLRP.
The second part says that the higher level of care increases the
distribution of x at a decreasing rate.

The readers may wonder at this point whether there exists a
family of distributions that satisfies assumptions 2 through 6. Here
is an example of a family of distributions, the so-called the family
of exponential distribution. For the exponential distribution,

Fx.a)=1—e * and fix,a)=ae *, a>0, x=>0.
Note that for the exponential distribution, we have:

1 x,a) ae x,a’) a’
Ex,a)=—-, S = , and St
a Flxa) l-e* Jix,a) a

- lu’ ax

e

Clearly, Assumption 2 is satisfied. For all a>0, E(xa
#E&E(x:a)=oo, which satisfies Assumption 3. Since flx,a) is
decreasing in x, Assumption 4 is satisfied. Whenever a’>aq,
Jix,a)/flx,a) is decreasing in x. Therefore, MLRP is satisfied. Finally,
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for all a>0, FuJxa=xe ™ and Fuxa)=-x"e “<0. Hence
Assumption 6 is also satisfied.

Finally, we define what a ‘nuisance suit’ is. There is some
controversy over the definition of a nuisance suit. In this paper, we
adopt the following definition: A nuisance suit is a non-meritorious
suit brought by the plaintiff solely in order to extract a positive
settlement offer. In the nuisance suit, although the plaintiff files a
suit against the defendant, she does not want to go to court
because by resorting to the court, she gains nothing, in fact she
loses her money by paying the filing cost, the litigation cost and so
on. The only reason that she brings the suit is to take advantage
of the informational asymmetry, by extracting a positive settlement
offer from the defendant.

In our model, the plaintiff must pay the filing cost ¢ in order to
file a suit. Since the defendant makes an offer first, if P, goes to
court, she can get §(x—cp). Once we adopt above definition of a
nuisance suit, only the suits brought by P, with § (x—c,)—c>0 are
meritorious. All the suits by P, with x<c¢/ § +c¢, are nuisance suit
s.4 Hence, in this paper, we consider suits by P, with x<c/§ +cp
as nuisance suits.

In the next section, we will characterize the sequential
equilibrium of the entire game by solving backward. First, we will
characterize the unique equilibrium in the bargaining stage. Given
the equilibrium in the bargaining stage, we will analyze the
incentive of the plaintiff whether to file a suit or not. Then, finally
we will characterize the equilibrium level of care taken by the
defendant.

III. The Bargaining Stage

In this stage, the defendant has already chosen a, and the
plaintiff has filed a suit. Hence V(a), the cost for taking care a and
the filing cost c are sunk. Since these costs do not affect the
incentives of the plaintiff and the defendant in the bargaining
stage, we will omit these costs from the payoffs.

The bargaining stage is a special case of the model studied by
Wang, Kim, Yi (1994). except that the possibility of a nuisance suit

“Bebchuk (1988) calls such suits negative-expected-value (NEV) suits.
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is not explicitly considered. Since it can easily be incorporated into
their analysis, their result is adopted without proof.

Given the care level a, let Flx,a) and flx,a) be the distribution
and the density functions of x. The main observation of their
analysis is that in any sequential equilibrium, given a settlement
offer s by D, the plaintiff shows the following dichotomous
behavior: For all x with &(x—cp)>s, Py rejects s and goes to court
next period. For all x with §(x—cp)<s, Px accepts s (See Propo-
sitions 4 and 5 in Wang, Kim, and Yi (1994)).

Given s>0, let h(s) be defined as s=d(h(s)—cp). Given the
dichotomous behavior by the plaintiff, the problem for the
defendant reduces to choosing s which minimizes his expected cost:

min [ ®
- fo sf(t.a)dt+ | 0 (t+eafitad.

Equivalently instead of choosing s, he can choose the threshold
level of x such that if x’>x, P rejects the offer and go to court so
that it costs J(x'+cg to D, and if x'<x, P, accepts the offer §(x—cp):

min Weea) = [ sbc-cfitadt+ [5 (¢+cafitadt
= 8l [ (1 — Ft.a)dt — (cp+ ca)Fix.a) +x+cdl.

The first order condition gives Equation (1).

Sxa)

Flx,a)—(cp+cdftc,a)=0, or 1=(cp+cd Flaa)

(1)

Assumption 4 guarantees that there exists a unique x which
satisfies Equation (1), and the second order condition is also
satisfied. Denote this unique solution by x°(a) and define s%a) as
follows:

S0°a@ —cp)  if X(@)>cp,
sPa)=
0 if X’(@)<cp.

The unique sequential equilibrium in the bargaining stage is
completely characterized by s°a) and xX°(a).
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Proposition 1

Given distribution and density functions Flx,a) and f(x,a) that
satisfy Assumptions 2 through 6, in a unique equilibrium, in the
first period D offer s°a). If s°%a)>0, P, with x<x°(a) accepts the
offer, and P, with x>x°(a) rejects the offer and goes to court next
period. If s°(a)=0, P, with x<c, accepts the offer, and P, with x>c,
rejects the offer and goes to court next period.

Proof: See Theorem in Wang, Kim, and Yi (1994).

IV. The Filing Stage

In this section, based on the analysis of the bargaining stage, we
examine the incentives of the plaintiff to file a suit. Note that in
this stage, a is given. One simple but useful observation is that if
P, files a suit, P with x’>x also does.

Lemma 1 Whenever P, files a suit, for all x’>x, P, also files a suit.

Proof: P, files a suit because the continuation payoff is no less
than the filing cost. If Py does not file a suit, she gets 0. Suppose
P, files a suit and mimics P,. With the dispute settled outside the
court, P gets the same amount as P.. If the dispute goes to the
court, Py gets x’—c, (current value) which is greater than x-—c,.
Hence the continuation payoff for P, cannot be less than that for
P,, which, in turn, is no less than the filing cost. Therefore,
whenever Py files a suit, for all x'>x, P, also files a suit.

Q.E.D.

Due to Lemma 1, an equilibrium in the filing stage can be
identified with a cutoff level z which is the least type of plaintiff
which files a suit. For this, consider the conditional distribution of
x given x>z. Let Glx|z,a) and g(x|z,a) be the conditional distri-
bution and the density function of x given a and x>z.

F(x,a) —F{(z,a) Sx.a)
Gx|z,a)=—, and glx|z,a)= ——, x>2z(>0).

1-F(z,a) 1-Fl(z,a)

Note that glx|z,a) satisfies MLRP. g(x|z,a)/G(x|z,a) inherits the
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properties of f(x,a)/F(x,a).

Lemma 2 For all a and x>z>0, g(x|z,a)/Glx|z,a) is increasing in z
and decreasing in a and x.

Proof: Note that g(x|z,a)/Glx|z,a)=flx,a)/(Fix,a) —F(z,a)). With x>z'>z,
Fix,a)>F(z’,a)>F(z,a). Hence flx,a)/(Fx,a)—F(z’,a))>flx,a)/(Fix,a)—F(z,a)).
This shows that g(x|z,a)/G(x|z,a) is increasing in z.

Let x’>x>z. By Assumption 4, f(x,a)/(Fx,a)<flx,a)/Fix,a). With
x'>x>z, 1/F,a)—Fz,a)<1/Fka—Fza). By multiplying each
side by flx,a), we have f(x,a)/(Flx,a)—F(za)>flxa)/Fx,a)—Fza).
This shows that glx|z,a)/Glx|z,a) is decreasing in x.

For all a’>a, and z<t<x, f(t.a)/f(t.a>flx,a)/flx,a) by Assump-
tion 5. By rearranging the terms, we have f(t,a)flx,a)>f(t,a)flx,a’).
By integrating both sides with respect to t, we obtain

(Fix,a) — F(z,a))fx,a) = f ZX Jt,a)dt fix,a)
> [ ftaat fix.a) = Fix.a) - Fx.a)fix.a),

which is equivalent to (f(x,a)/(F(x,a) —F(z,a))) > (f(x,a’)/ (Fix,a’) —F(z,a’)).
This shows that g(x|z,a)/G(x|z,a) is decreasing in a.
Q.E.D.

Suppose that only P. with x>z has filed a suit. Then, the
posterior distribution of x is the conditional distribution of x given
x>z, Glx|z,a). Hence in the bargaining stage, D chooses x which
satisfies Equation (1) with F(x,a) and fl(x,a) replaced by G(x|z,a) and
glxlz,a). We denote by x*(a,z) the solution of the following equation:

Jx|z,a)

_— 2)
Flx,a) —F(z,a)

Gxlz,a) —(cp+cdglx|z,a)=0, or 1=(cp+cq)

By Lemma 2, flx,a)/(Fx,a)—F(z,a) is decreasing in x
tmaf(x.a)/ (Flx.a) —Flz,@)=co and UM f(x,a)/(Flx,a)—F(z.a)=0. Hence
é;\ien a and z, there exists a unique solution to Equation (2). So
x*(a,z) is well-defined. By Lemma 2, f(x,a)/(F(x,a)—F(z,a)) is decreas-
ing in x, ie., J(fix,a)/(Flx,a)—F(za))/ox<0, which is equivalent to
that fz(x,a) —fx,a)(Fix,a) —F(z,a)) >0. Since x*(a,z) satisfies Equation
(2), we have fix*(a,z),a)—(cp+caf(x*(a,z),a)>0. Hence the second
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order condition for minimization is satisfied as well.

Lemma 3 x*(a,z) is decreasing in a, increasing in z and for all
a.x*(a,z)>z.

Proof: By differentiating Equation (2) with respect to a, we have

0 ( Six*(a.2).a) ox*(a.z) 9 Six¥(a,2),q) _
ox \Flx*(a,z),a) —Fl(z,a) oa N oa ‘F(x*(a,z),a) —Fl(z,a) '

Since  J(flx*(a,z),a)/ (Fix*(a,z),a) —F(z,a)))/ 0x<0 and J(fix*(a,2).a)/
(Fix*(a,z),a) —F(z,a)))/da<0 by Lemma 2, o¢x*(a,z)/da<0. Similarly,
0x*(a,z)/0z>0. Finally, since lxiglf(x,a)/(F(x,a)—F(z,a)):OO, for all a,
x*(a,z)>z. ‘

Q.E.D.

As z increases, only the plaintiffs with higher damage remain in
the bargaining stage. Accordingly, the defendant chooses the higher
x. In the last section, we defined x°(@) as a unique solution to
Equation (1). Note that xX°(a)=x*(a,0). Define s*(a,z) as follows:

Sx*(a,z) —cp) if x*(a,z)>cp,
s*(a,z) =
0 if x*(a,z2)<cp.

Note that s°a) in the last section is equal to s*(a,0). Depending
upon the relative magnitude between s*(a,0) (=s%a@) and c, two
types of equilibria prevail. For this, let’'s define a* as the level of a
such that s%a)=c. Equivalently, a* is given by x’(@)=c,+c/s.
Since x°(a) is decreasing in a, a* is unique. We assume a*<(0,).
If a*=0 (i.e., X’(0)<cp,+c/8) or a*= (ie., X°(0)>c,+c/d), as seen
in Proposition 2, regardless of effort level a, only one type of
equilibrium prevails.

Proposition 2

(1) Type 1 equilibrium, a<a* In a unique equilibrium, all the
plaintiffs file a suit so that the prior distribution is preserved. In
the bargaining stage, D offers s*(a,0), and P, with x>x*(a,0) rejects
the offer and goes to court next period. P, with x<x*(a,0) accepts
the offer.
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(2) Type 2 equilibrium, a>a*; In a unique equilibrium, there exists
z*(a) (>0) such that every plaintiff with x<z*(a) does not file a
suit, and every plaintiff with x>z*(a) file a suit. In the bargaining
stage, D offers ¢, P, with z*(a)<x<x*=c/d§+c, accepts the offer,
and P, with x>x* rejects and goes to court next period.

Proof: Two cases are considered separately.

Case 1 a<a*; For a<a*, x*a,0)=x’(a)>c,+c/s and s*(a,0)=s"a)
>c. Let z° the cutoff level for filing a suit. Suppose z°>0. Since
x*(a,z) is strictly increasing in z, x*(a,z%>x*(a,0)>c,+c/5. Hence,
s*(a,z%) > s*(a,0)>c. Namely, D offers more than c. Then, for all 0<z
<2° P, should have filed a suit. It is a contradiction. Hence z°
should be zero, ie., all plaintiffs file a suit, and in the bargaining
stage D offers s*(a,0).

Case 2 a>a*; For a>a*, x*a,0)=x’(a)<c,+c/s and s*(a,0)=s"a)
<c. If 2° equals O so that all plaintiffs file a suit, in the bargaining
stage D offers s*(a,0) which is strictly less than c¢. Then, at least
for z sufficiently close to O, P, loses by filing a suit. They should
have not filed a suit. Hence, z°>0. In order for z° to be the cutoff
level, P, should be indifferent between filing and not. Namely,
s*(a,z’)=c should hold. As x*(a,z) is continuos and increasing is z,
so is s*(a,z). Since x*(a,z)>z, as z—o, s*(a,z)—c. With s*(a,0)<c,
by intermediate value theorem, there exists a unique z°>0 such
that s*(a,z)=c. In order to emphasize the dependence of z° on a, it
is denoted by z*(a). Then, z*(a) is determined implicitly by Equation
3).

s*(a,z*(@)=c, or x*(a,z*(a)):%Jrcp. (3)

x*(a,z*(@)=(c/d8)+c, is the cutoff level for going to court, denoted
by x*, which is independent of a. Since x*(a,z)>z, x*=(c/8)+cp=
x*(a,z*(@)>z*(a). Hence, if a>a*, every plaintiff with x<z*(a) does
not file a suit, and every plaintiff with x>z*(a) file a suit. In the
bargaining stage, D offers c, P, with z*(a)<x<x* accepts the offer,
and P, with x>x* rejects and goes to court next period.

Q.E.D.
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V. The Care-Taking Stage

In this section, we will consider the incentive of the defendant to
take care in the first stage. As seen above, depending upon
whether a is greater or less than a*, the equilibrium in filing stage
takes different form. If a<a*, type 1 equilibrium prevails in the
filing stage. Hence the expected cost for D after the filing stage is
given by

W@= 6l [, (1-Fla)dt-(c,+cdFla),a) +x(a)+ca.

If a>a*, type 2 equilibrium is a relevant one in the filing stage.
Hence, the expected cost for D after the filing stage is given by

W(a) = 51 f:(l —Gl(tlz*(a),a)dt— (cp +caGlx* | z*(a),a) +x* +c4g}.

In the care-taking stage, the total cost for the defendant is C(a)=
V(a)+Wl(a) and the defendant chooses a minimizing it, denoted by
a’. Since glﬂ}, Vi@ =co by Assumption 1, and {}L{} W(a)=o by As-
sumption 3, existence of a° is guaranteed. Unfortunately, however,
our Assumptions do no guarantee, in general, that W(a) is convex
in a.5 In order to locate a°, we assume that V(a) is sufficiently
convex so that C(a) is indeed convex in a. Then, a° is completely
determined by the first order condition.

In applying the first order condition, we should be careful
because W(a) is kinked at a=a*. The left hand derivative of W(a) at
a=a* differs from the right hand derivative. We now calculate both
left and right derivatives of W(a) at a=a*. With a<a*,

Wia)= 5f fx ::a) (1 —F(t,a)dt— (cp+ caF(X°(a),a) + x°(a) +ca}.

Note that x°(a*)=c,+c/d=x*. Since x°(a@) minimizes W(x,a) and W(a)
=W((@),a), by envelope theorem, dW(a)/da= dW("(a),a)/da holds.
Hence, the left hand derivative of W(a) at a=a*, denoted by W’(a*.)
is given by as follows;

SFor exponential distributions, if a<a*, Wia)= s {((1/a (kka+1))/a)—cy,
and if a>a*, W(a= 6{(1/a)+(c/ §)}, where k=c,+cq. In either case, W(a) is
convex in a.
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Wiat)=— ol [~ Falt.a*)dt + (¢ +caFabe*,a%).

We now consider the right hand derivative, denoted by W’(a*).
With a>a*,

Wla)= 8{f:(1 —Gl(tlz*(a),a)dt— (cp +caGlx* | z*(a),a) +x* +c4g}.

Note that glx|z,a)=f(x,a)/(1—-Fl(z,a), Glx|z,.a)=(Fkxa) —Fza)/(1—-Fza),
and z*(a) is determined implicitly by G(¢*|z,a)=(cp+caglx*|z,a) with
z*(a*)=0.
Using the fact that F.(0,a)=0, the direct calculation shows the
following results. All the derivatives are evaluated at a=a* and
z*(a*)=0.

oglx|z,a)/ da=falx,a*), oglx|z,a)/oz=flx,a*) - fl0,a*),
0Glx|z,a)/ da=F4lx,a*), 0Glx|z,a)/oz=—(1—-Fx,a*) - f(0,a*), and
0z*(a)/ da= — {falx*,a*)Fx*,a*) — fix*,a*)Fo(c*,a*)} / f(0,a*) - fix*,a*).

By differentiating Wi(a) with respect to a and plugging above
results, W/(a*) is given as follows;

Wiat) =~ ot [ “Falt.a*)dt+(c+caFale*.a%)

—p YL A TR AP N [Ta-Ft.a¥dt+(1—Fee.a?)l.
Jbe*.a¥) ©

By Assumption 5, fulx*,a*)Fbet,a*) —flet,a*)Fubet,a*) <0, Wa*)>W(a*).

Kink indeed arises at a=a*. By comparing V’(a*) with W'(a*) or

W'(a*.), we can determine whether type 1 or type 2 equilibrium

prevails.

Proposition 3

(1) If V'(a*)>—-W'(a*), a°<a* and type 1 equilibrium prevails. (2) If
—Wias)<V(a¥)< —W'(a*), a°=a* and type 1 equilibrium prevails.
(3) If V(a®)<—W'(a*), a°>a* and type 2 equilibrium prevails.

Proof: Since C(a)=V(a)+Wl(a) is convex, if V'(a*)>—W'a*), for all
a>a*, C’(a)>0. In other words, by decreasing a, D can reduce the
total cost, therefore, a°<a* and type 1 equilibrium prevails. If
—Wia*)<Via*)<—-Wl(a*), for all a<a*, C’(a)<O0, thereby, by
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increasing a, D can decrease the total cost. For all a>a*, C’(a)>0,
thereby, by decreasing a, D can reduce the total cost. Hence, Cla)=
V@+W(a) is minimized at a*, therefore, a°=a* and type 1
equilibrium prevails. If V/(a*)<—-W'(a*), for all a<a* C'(@)<O,
therefore, a°>a* and type 2 equilibrium prevails.

Q.E.D.

VI. The Comparative Statics and Welfare Analysis

In this section, we will give some comparative statics and welfare
analysis. First of all, we define the first best level of care denoted
by a which minimizes Via) + f xflx,a)dx. Note that V(a) is an
individual cost for the defendant, and f xflx,a)dx is a social cost.
The first best level of care is defined to be a level which minimizes
the sum of these two costs. By Assumptions 1 and 6, d is
determined by the first order condition:

Vid) ~ [ Fubdidx=o0. ()
We consider the two types of equilibria separately.
Type 1 equilibrium: V’'(a*)> —W'(a*).
For comparative statics, we makes the following assumption.

Assumption 7 For all a=(0,»), flx,a)/Fdx,a) is decreasing in x.

For the family of exponential distributions, fix,a)=ae * and
Fulx,a)=xe”*. Hence, fl(x,a)/F.x,a)=a/x, which is decreasing in x
for all positive a. So Assumption 7 is satisfied for the family of
exponential distribution.

Note that da/dx|rx.a=constant=fx,a)/Falx,a). Therefore, Assumption
7 implies that with a fixed, as x increases, the slope of
iso-probability curve in (x,a) plane decreases.

Proposition 4 gives some comparative statics results. In compar-
ative statics, ¢, and cq only appear as a sum, c¢,+cqs. Whenever this
sum is fixed, the changes in ¢, and ¢4 do not affect the equilibrium
level of a and x. Hence, we give a comparative statics result with
respect to this sum, c,+cq denoted by k. Since proof of Proposition
4 is tedious, it is given in the Appendix.
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Proposition 4

1. 0a°/98>0, 9x°(a)/os<O.

2. Under Assumption 7, 9a’/ds>0, and the sign of 9x°(a@®)/dk is
ambiguous.

Proof: See Appendix.

The intuition behind the Proposition 4 is as follows: The
defendant has a trade-off between higher care and a lower
settlement offer. In equilibrium, these two countervailing factors are
balanced. An increase in ¢ induces an increase in the expected
cost for the defendant in the bargaining stage, which implies that
taking care becomes less costly. Hence as ¢ increases, the
defendant takes a higher level of care. Note that x°(a®) determined
by Equation (1) does not depend on ¢§. Hence an increase in &
does not have a direct effect on x°(a®). However, in an indirect way,
an increase in § increases a°, which decreases x°(a°).

For the effect of k, note that as c, or cq increases, litigation
becomes more costly than settlement. Hence as k increases, the
probability of settlement F{x°(a®),a®) should increase. There are two
ways this can happen; either by increasing a or by x. By
assumption 7, choosing higher x becomes relatively more costly
than taking a higher level of care. Hence in equilibrium, the
defendant takes a higher level of care than before. By examining
Equation (1), we know that the direct effect of an increase in k on
x is positive. However, an increase in the equilibrium level of care
has a negative effect on x. Therefore, the total effect of k on x°(a°)
is ambiguous.

The next proposition gives the comparison between the first best
level of care and the equilibrium level of care whose proof is also
given in the Appendix.

Proposition 5
Under Assumption 7, there exists §*&(0,) such that for all §< §%,
a‘<d, and for all 6> 6% a°>d. a®=d when 5= 5*.

Proof: See Appendix.
The reason why the defendant takes a higher level of care is that

by doing so, he can reduce the cost in the bargaining stage.
Therefore, the smaller the discount factor is, the less incentive the
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defendant has to take a higher level of care. What the Proposition
5 shows is that for smaller discount factors, the defendant takes
the smaller level of care in equilibrium than the first best level,
and for higher discount factors, he takes a level greater than the
first best level.

Proposition 4 combined with Proposition 5 has an interesting
policy implication. An increase in the litigation cost does not
necessarily induce the defendant to take a level of care closer to
the first best level. For low discount factors, it works. But for high
discount factors, it worsens matters.

Type 2 equilibrium: V'(a*)< —W'(a*).

In this case, the conditions which characterize the equilibrium
level of a and z are much more complicated. Hence, in order to
have some comparative statics results, we have to make somewhat
very ad hoc assumptions on the distribution and density function.
We don’t think the ad hoc assumptions are meaningful, so that in
the type 2 equilibrium, we only consider the parameterized example
of exponential distribution, to get a sense of possibilities.

For the distribution function F(x,a)=1—e *, and the density
function fix,a)=ae™®, by solving Equation (3), we have x*(a,z)=

(ka+1)/a)+z.

By solving the equation x*(a,z)=c/d+cp, we have z*(a)=c/d+cp—

.(ka+1))/a. By a lengthy calculation, we have W(a)= §/a+c. Let

Via .a.6 Then, d° is obtained by solving the following equation:
dvla dwla) 1 )
+ =0, ie, —— =0.
da da a a’
Hence, we have a°= 6 and z*(a°)=z*(8)=c/5+¢cp (ks+1))/ 6.

For this case, the first best level of care, d is equal to 1. Hence,
a°=5<1=d, ie., the equilibrium level of care is always less than
the first best level of care.

Note that c¢/&+c,—z*(a° .(kc5+1))/ 5 is the proportion of
plaintiffs who file nuisance suits. It can be easily checked that (3/dk)

%n a does not satisfy the condition that V., >0. However, since a' is
sufficiently convex, the first order condition is sufficient for the
minimization.
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(ks+1))/8)=1/(ka+1)>0, and (0/98 (k8 +1))/8)={ka—(ka+1)
(ca+1))}/8%(ka+1)<0. Note that this proportion is independent
of the filing cost, c.

VII. Conclusion

In this paper, we have considered three issues. The first one is
whether in the presence of nuisance suit, the court as an incentive
device can give suitable incentives to take due care when pre-trial
negotiation is possible. The second issue is what incentives the
plaintiff with no merit of claim has to file a nuisance suit. Finally,
once the a suit is filed, under the circumstances where the
defendant cannot distinguish whether the suit is a nuisance one or
not, the question is how to resolve the conflict.

For this purpose, we have examined a three-stage game between
the defendant and the plaintiff. In this game, the defendant has a
trade-off between a level of care and a settlement offer. By taking a
high level of care, the defendant reduces the expected cost in the
bargaining stage. However, a high level of care is costly. In equi-
librium, these two countervailing factors are balanced. In equilibri-
um, the defendant chooses the level of care such that the marginal
cost of increasing the level of care is exactly balanced by the
marginal benefit of reducing the expected cost in the bargaining
stage. Depending on the relative cost between taking care and the
settlement offer in the bargaining stage, we identify two types of
equilibria. We have also given some comparative static results and
the welfare analysis.

We close by listing possible extension and a further research
agenda. For the bargaining stage, although we allow possibility of
counteroffer, in equilibrium the plaintiff does not make a counteroffer.
However, in many bargaining situations, counteroffer are observed.
So we have to explain counteroffer as an equilibrium phenomenon.
For this purpose, we may need to consider the model where each
party has private information. It will be interesting to repeat the
analysis of this three stage model when the defendant also has
private information (e.g., about the level of care actually chosen).

In the literature on litigation and the settlement, it is assumed
that when two parties go to court, they incur litigation costs. Most
of the litigation cost comes from the lawyers’ fees. However, the
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role the lawyer is not examined in our model at all. In a legal
dispute, one important reason to hire a lawyer is to let him
bargain with the opponents on behalf of the party who hires him.
Although the lawyer works for the client who hires him, the
interests of the lawyer and the client do not necessarily coincide.
An agency problem naturally arises. How to resolve this agency
problem in the context of bargaining is an interesting topic for
further research on the litigation and settlement.

Appendix

Proposition 4

In type 1 equilibrium,

(1) 9a/96>0, and ox°a’)/ 38 <O.

(2) Under Assumption 7, da’/dok>0, and the sign of 9x°(a®)/dk is
ambiguous.

Proof: The type 1 equilibrium level of a° and x are determined by
solving the following minimization problem:

min Via)+ 8{ [,"(1 - Ft.a))dt — (c, +calFlx.a) +x-+cal.
By the first order conditions, we have
Vala®)— 8{L:a()Fa(t,ae)dt+(cp+cd)Fa(x°(ae),ae)}=O, and (5)
SIF(@®),a’) — (cp+ caf(X°(a®),a)} = 0. ©)
Note that the litigation costs ¢, and cq4 appear in Equations (5) and
(6) as a sum only. Hence let k=c,+cq. Let H be the Hessian matrix
of the objective function:
Vaal@®) = 0 5y Faalt.a°)dt + kFaald(@).a%)}  Fulb®la).a) — kfalx’(@).a)
H=

Fa(x°(a®),a°) — kfalx’(@®),a) J@),a°)—kf'x"(a°),a°) -

By differentiating Equations (5) and (6) with respect to §, we have,
in matrix form:
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od {fm _Fu(t,a®)dt+ kF,((a®),a)}
85 X (a)

0x°(a’) o
00

Solving for 9a®/ 08 and ox*(a®)/ 38 gives

8ae 1 € € 7 € € *® e e e

S5~ Ty K@) k@) @M [, Falta)di+ kFo(@).a)). and
0x"(a°) 1 e ey e ® e 0( €Y €
sy | Pt @At Il AN [, Palta)dt + IFubea).a)

where |H| is the determinant of matrix H. By the second order
condition, |H|>0, by Assumption 4, f(’(a).a)—kf'(x"(a‘).a’)>0 and
by Assumption 5, F.(x°(a®),a’)—kfu(x"(@®),a®)>0 and { fx :aL)Fa(t,ae)dt+
kFa(’(@®),a)}>0, (9a’/ 36)>0 and (9x"(a’)/38)<O.

For the second part, differentiating Equations (5) and (6) with
respect to Ik, yields

oa SFL(a).af)
alk -
)CD e

d 8(;” 0a).ac)

Solving for da®/ ok and 9x°(a’)/ ok gives

S|
ga =——{ K{f°(a"),a’YfulX"(@°),a®) —f"((a°),a°)Fal’(@),a)}}, and
ok |HI
9x°(ae)= 1

{— F.(a%),a)Falx"(@®),a®) — kfix’(a®),a)}
ok |H|

+ 10, Vaala) = 61 [, Faalt,a)dt+ IFado(a).a ).

Assumption 7 implies that f(l@®).a®) - fulx°@®).a®) > f6a’),a) -
F.(C@®),a®). Hence da‘/ dkc>0. Generally, the sign of 9x°(a®)/dk is
ambiguous.

Q.E.D.
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Proposition 5
Under Assumption 7, there exists §*<(0,1) such that for all §< 6%,
a’<d, and for all 6> 6%, a°>d. a°®=a when §= §*.

Proof: The first best level of care, ¢ is characterized by the
following equation:

Vald) — [ Fult.d)dt=0. (7)

The equilibrium level of care, a° is determined by Equation (5)
where x°(a°) satisfies Equation (6): F(xX(a®),a®) —kf(x°(a®),a®)=0. If we
rewrite Equation (5), we have

Vala®) — 1 [ Falt.a)dt— [ Fult.a®)dt + kFL0E().a) =0,

We will compare fOXFa(t,a)dt and KkF.lx,a) where (x,a) satisfies
Equation (6).
By Assumption 7, for all (x,a)&[0,0) X (c0,0), we have

Jalx,a) - S'x.a)
Fudx,a) flx,a) )

Sx,a)falx,a) —fx,a)Falx,a) >0, or 8)

Note that fo/Fa=0 .Fa/0x and f’/f=0 ./ox. By integrating both
sides of (8) from z to x, we have:

< falt, Falx, « [t ,
Jult,a) (x.a) >f St.a dieIn Jx.a

dt=In = .
? Fq(t,a) Fulz,q) z  flt,a) flz,a)

Since In( -) is an increasing function, we have:
Fix,a  flx.a)
Fuz,a) f(z,a)

Finally, by integrating both sides of (9) with respect to z from O to
X, we obtain

, or fl(z,aFux,a)>flx,a)F.(z,a). 9)

foxf(z,a)sza(x,a) > f(x,a)fOXFa(z,a)dz, or F(x,a)Falx,a)> f(x,a)foxFa(z,a)dz.

Since (x,a) satisfies Equation (6), kFa(x,a)> foxFa(z,a)dz.
Let ¢6* be defined as a solution to the following equation:

Vald)— 8% [ Fult.adt— [ Fult.d)dt+ k(@) @)} 0.
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Note that since kFu(<(d@).d) >f0xn[a%‘a(z,a[)dz, 8*<1. Of course §%*>0.
If 6<6%,

Vald) = ol [, Fult.d)dt— [ Fult.d)di+ IFab(@).a)

= Vala) - o [ “Fult.at— [ Fult.a)dt+ kL), a)(=0).

Hence a°<d whenever §> % Similarly, a°>d whenever §< §*.
When 6= 6%, a°=d.
Q.E.D.

(Received 12 March 2001; Revised 2 April 2002)
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