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On Auditors and the Courts in an
Adverse Selection Setting

NAHUM D. MELUMAD* AND LYNDA THOMANY¥

1. Introduction

Most models of auditing in the accounting literature may be classified
as agency models or signaling models." The emphasis in an agency model
is on a single firm; the auditor is typically modeled as a utility-maximizing
player who is hired by a firm’s owner to better control a manager as well
as to improve their risk-sharing arrangement. A signaling model, on the
other hand, includes a larger set of players, and it focuses on the
interrelationships among the various players in a market setting. The
auditor is usually modeled as a mechanistic monitor; the output (report)
of an auditor, and/or the act of hiring an auditor, is used by an informed
party (e.g., an owner) to signal its private information (e.g., the firm’s
risk characteristics) to an uninformed party (e.g., an investor).

In this paper we incorporate a utility-maximizing auditor, as found in
agency models, into a simple signaling setting composed of firms of
unobservable risk types requiring loans, lenders of capital to the firms,
auditors, and a court system. We consider how litigation against auditors
affects the prevailing equilibria as well as the resulting welfare of the
different participants when the endogenously determined interest rates

* Stanford University; T Purdue University. For helpful suggestions and comments we
thank Joseph Bachar, Rajiv Banker, Mary Barth, William Beaver, Linda DeAngelo, Harry
Evans, Gerald Feltham, Bengt Holmstrom, David Kreps, Nandu Nagarajan, James Patell,
Stefan Reichelstein, Uri Ronnen, Bharat Sarath, Toshi Shibano, Cliford Smith, Peter
Wilson, Mark Wolfson, Amir Ziv, and especially William Novshek, Brett Trueman, and
two anonymous referees.

! Examples of agency models are Antle [1982; 1984], Datar [1985], Baiman, Evans, and
Noel [1987], and Baiman, Evans, and Nagarajan [1988]; examples of signaling models are
Bar-Yosef and Livnat [1984], Titman and Trueman [1986], and Datar, Feltham, and
Hughes [1987]. A related literature concerns strategic testing in auditing (see, e.g., Fel-
lingham and Newman [1985], Fellingham, Kwon, and Newman [1987], and Shibano [1988]).

77
Copyright ©, Institute of Professional Accounting 1990



78 JOURNAL OF ACCOUNTING RESEARCH, SPRING 1990

and audit fee reflect players’ expectations regarding future litigation
results. This framework enables us to address questions such as: Why do
firms hire strategic auditors? What induces auditors to work hard and
truthfully report their findings? How does litigation affect the audit
process? How do changes in audit fees affect the employment of auditors
and firms’ welfare?

We adopt a nonmandated auditing framework for three reasons. First,
we want to show a demand for auditing not driven by exogenous regula-
tion. Second, the mandated auditing framework is a special case of the
nonmandated framework; after analyzing the nonmandated case, we
examine the effect of mandating auditing. Third, most firms filing
quarterly data with the SEC involve their auditors, even though it is not
required.

The large number of strategic choices for the players forces us to adopt
highly simplifying assumptions. Specifically, each firm is assumed to
have access to a single profitable project; firms, having no resources of
their own, turn to the competitive capital market. An adverse selection
problem arises from the unobservable (ex ante) project risk; while all
firms may become insolvent, “good” firms are bankrupt less frequently
than “bad” ones. Because a firm recognizes lenders price loans according
to their assessments of the probability of being repaid, it may consider
hiring an auditor to provide information about its type. Hence firms,
good or bad, strategically choose (i) whether to hire an auditor at the
market-determined flat audit fee and (i) what information to provide
the auditor (if one is hired). The auditor then strategically chooses (i)
how hard to work in investigating the validity of the firm’s information
and, (it) given the results of the investigation, what public report to issue.

Unless disciplined, the auditor would always choose not to work,
making the audit report useless. We thus introduce a court system and
let firms and lenders strategically choose whether to sue the auditor for
a perceived audit failure. With the threat of litigation, auditors might
decide to work and truthfully report their findings to reduce the prospect
of paying damages.

A firm’s decision to hire an auditor, its message choice, and its litigation
strategy depend on the firm’s conjectures about the type a lender will
believe it to be when it takes a given course of action. That is, the firm
makes conjectures about lenders’ beliefs about its type for all possible
For this setting, the sequential equilibrium concept of Kreps and Wilson
[1982] is appropriate.? The importance of the off-the-equilibrium-path

2 A sequential equilibrium consists of a specified strategy for each player plus a system
of beliefs which satisfy sequential rationality and consistency. Roughly, sequential ration-
ality requires, given a player’s anticipated strategies for the other players and his beliefs at
any point in the game, that the player’s equilibrium strategy be optimal for the remainder
of the game. Consistency means along-the-equilibrium-path beliefs are computed according
to Bayes’ rule and reflect the actual equilibrium distribution of players’ actions.
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beliefs to a sequential equilibrium can be seen in the following example.
For sufficiently small damage awards, no one would ever sue an auditor,
and audit failures would not be punished. Auditors therefore would have
no incentive to work and would provide uninformative reports. But an
equilibrium in which all firms hire auditors would still exist because of
the off-the-equilibrium-path beliefs that a firm which does not hire an
auditor is bad. A firm would rather hire an uninformative auditor and be
known as an average risk firm than not hire an auditor and be thought
a high risk by lenders.

Many combinations of parameter values and off-the-equilibrium-path
beliefs support similar equilibria in which auditors are hired despite the
fact that they provide useless information; we label this an ineffective
auditing equilibrium. On the other hand, other sets of parameter values
and beliefs support equilibria in which the auditor always works and
reports the audit findings truthfully. This second set of equilibria, which
we label effective auditing equilibria, is the main focus of this paper.

To introduce effective auditing equilibria, we first present a simpler
model, called the monitor model, in which the auditor is exogenously
assumed to be effective. In this simpler setting where the auditor is
nonstrategic, we are able to identify all possible equilibria, including all
nondegenerate mixed strategy equilibria. The analysis of the monitor
model, however, focuses on the unique equilibrium in which the monitor
provides useful information.? For this equilibrium we first observe that
higher monitor fees help separate types. When the monitor fee is suffi-
ciently low, both good and bad firms hire monitors; as the fee increases
bad firms gradually leave the market until, at some high fee level, the
two types are fully separated. Second, for some parameter values, the
good firm is better off in the equilibrium with a high fee than in the
equilibrium with free monitoring. Third, the effect of increasing the
monitor’s market alternative (above some mid-level value) is a Pareto
improvement. Finally, we demonstrate circumstances in which all firms
are better off without monitors.

Beliefs off-the-equilibrium path (e.g., beliefs about a firm’s type if it does not hire an
auditor in an equilibrium in which all firms hire) must also be specified and are an integral
part of an equilibrium.

3 For each set of parameter values for the monitor model we find at most three different
equilibria exist: (1) for all parameter values there exists a no-hiring equilibrium in which
no firm hires a monitor; (2) as long as monitors are not “too” expensive, there exists a
hiring-I equilibrium in which some, possibly all, firms hire monitors; and (3) for a limited
set of fees there exists a hiring-II equilibrium in which some good firms, but no bad firm,
hire monitors. Our analysis focuses on the hiring-I equilibrium for several reasons. First,
no-hiring equilibria do not provide any insights into auditing institutions since no monitor/
auditor is employed. Second, while hiring-I equilibria exist for low and moderate levels of
the monitor’s fee, hiring-II equilibria only exist when the monitor’s fee is so large that both
good and bad firms are indifferent to all hiring and message choices. Finally, in the hiring-
II equilibrium no monitoring/auditing takes place; i.e., the monitor/auditor does not provide
any useful information.
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Two results distinguish the auditor model from the monitor model.
First, fully separating equilibria do not exist in the auditor model, which
suggests that conclusions drawn in a nonstrategic setting may not apply
to a strategic setting. Second, there exist equilibria, not possible in the
monitor model, in which an ineffective auditor is hired. Analogous to the
monitor model, however, no-hiring equilibria always exist, and we dem-
onstrate a strong correspondence between the effective auditing equilibria
of the auditor model and the above-described equilibrium of the monitor
model.

The presence of a court system in the auditor model allows us to
address some additional questions, not applicable to the monitor model.
In particular, we show that increasing the exogenously specified damages
leads to a Pareto improvement in some instances. In addition, we observe,
when hiring an auditor is mandated (i.e., in a regulated setting), that
increasing the audit fee can never profit either firm type. Increasing the
damage award, in contrast, does benefit the good firm; lenders charge
the good firm a lower interest rate because they expect to collect a larger
portion of their revenues via the court system.

Our monitor model differs from earlier work on signaling in economics
and finance (e.g., Spence [1973] and Guasch and Weiss [1981]) because
we examine all sequential equilibria rather than just the perfectly sepa-
rating ones. In fact, we have tried to construct a setting in which
opportunities for perfect separation are limited, reflecting what we per-
ceive as reality. The auditor model, by focusing on signaling via a strategic
player, further distinguishes our work from the earlier signaling papers.
In the accounting literature, studies of litigation against auditors include
Dedong [1983] and Nagarajan [1984], who study a two-party game in
which the owner’s strategic choices are suppressed. Another accounting
paper, Sarath and Wolfson [1988], studies strategic auditing in an adverse
selection setting involving litigation. The main conceptual difference
between our work and Sarath and Wolfson’s is our explicit attention to
the modeling of the court system, specifically, the strategic use of courts
and the welfare consequences of changing the size of damage awards.*

Section 2 presents the monitor model and establishes the benchmark
results to be contrasted later with those of the auditor model. Section 3
discusses the auditor model and explores both effective and ineffective
auditing equilibria. Finally, in section 4, we make some concluding
comments. Appendix A provides outlines for the proofs of the main
results of the paper; Appendix B summarizes the notation.

“In addition, there are many significant differences in detail; most notable are the
differences in (Z) the setting—Sarath and Wolfson’s (SW) setting is characterized by the
“market for lemons” phenomenon and the fact that hiring an auditor facilitates trade, (ii)
the court’s technology—in SW the courts perfectly observe auditor’s private information
while in our study the court’s technology is imperfect, and (ii) the court’s damage awards—
SW assume awards are always large enough to guarantee that suits are initiated.
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2. The Monitor Model

2.1 ASSUMPTIONS OF THE MONITOR MODEL

We consider a set of firms, each of which wants to borrow funds to
undertake a project. Because no firm has its own resources to invest, it
must borrow the necessary funds in the competitive debt market if it
wants to undertake the project.® The current financial condition of a
firm affects the probability the project will bankrupt it; thus, lenders
price loans based on their assessment of a firm’s bankruptcy risk. To
minimize its borrowing costs, a firm strategically decides whether to hire
a monitor to provide public information about its financial state.

Specifically, each firm needs N dollars to undertake its project. All
successful projects have the same return, R, but the probability of
solvency differs. The solvency probability divides firms into two risk
classes: fraction ¢ of the firms are “good” (G), i.e., firms that stay solvent
with probability pg, while fraction (1 — t) are “bad” (B), i.e., firms that
remain solvent with probability pg; ps < pg. While the distribution of
firms across risk classes is common knowledge, only the firm knows its
own risk class. We assume firms are risk neutral and the expected return
on any project is positive even when a firm is charged the interest rate
corresponding to a bad type; thus, all projects are consummated. Alter-
natively, one might assume that the bad firm could not get a loan if its
type were revealed; in that case auditing could play a role in improving
social welfare by identifying socially undesirable projects. We believe,
however, that the modeling assumption adopted in this paper is more
descriptive of most audit work. Only few audit reports result in firms
being driven out of business (or denied credit), while for the majority of
the firms audit reports affect transaction terms only (e.g., interest rate
for a loan).

The fact that the firm has no resources rules out signaling via owner-
ship share (as in Leland and Pyle [1977]). Furthermore, the simple return
structure on a project ensures the nonexistence of a separating equilibrium
even when a lender conditions the contract on a firm’s performance.® We

® Because we assume below that there is a single state in which the lender is paid, there
is no difference between debt and equity contracts in this model. We thus suppose all
contracts are debt contracts with no loss of generality.

% To illustrate the nonexistence of separating contracts, let firms’ contracts with lenders
specify a pair of payments (X, Y) where X is the payment to be made if the firm is solvent
and Y is the payment if the firm is bankrupt. Suppose to the contrary there exist two
contracts (Xg, Ys) and (X3p, Y5) such that lenders believe a firm offering the first contract
was good and a firm offering the second contract (or any contract other than the first) was
bad. Given the competitive debt market, lenders expect the same positive return from both
contracts or peXe + (1 — pg) Yo = psXp + (1 — ps) Y. Since Y;is the payment the firm
makes when it is bankrupt, Y; < 0, i = G, B, implying X; > 0, i = G, B. Because pg > ps,
peXe + (1 — pe)Ye > ppXe + (1 — pp)Ys. Combining the above inequality and equality
vields pgXs + (1 — ps) Yz > psXs + (1 = ps) Y, which indicates the bad firm would choose
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therefore introduce nonstrategic monitors, whom firms can employ at
the competitively determined flat fee, K, to provide public information
about their risk types.” Since a firm has no resources, it must borrow the
monitor fee, in addition to N, if a monitor is hired. T'o minimize the cost
of undertaking a project, a firm chooses among three actions: (1) hire a
monitor and claim to be a good firm, (2) hire a monitor and claim to be
a bad firm, and (3) do not hire a monitor.®. While both the act of hiring
a monitor and the monitor’s report are publicly observable, the commu-
nication between the firm and its auditor is not.?

Once employed, the monitor tries to verify the firm’s claim. Based on
the results of this investigation, labeled findings, the monitor issues a
public report regarding the firm’s type. A monitor is assumed to work
but may fail to detect a discrepancy between the firm’s claim and its true
type. Specifically, if the firm has misrepresented its type, the monitor’s
findings will be identical to the firm’s message with probability (1 — z)
and will contradict the message with probability z; but if the firm makes
a truthful claim, there is no error to discover, and the monitor’s findings
will conform to the firm’s message. Finally, we assume the monitor is
both truthful (the report duplicates the findings) and moderately accurate
(2> ).

the good firm’s contract; hence, lenders’ beliefs are inconsistent with the players’ strategies,
implying the nonexistence of a separating sequential equilibrium.

" A discussion of the implications of holding the monitor fee constant is provided in
section 4. We postpone this discussion so we may consider these implications in both the
monitor and auditor models.

8 We suppress the strategy for the firm of claiming a type directly to the lender. This
strategy is redundant because any prices discriminating between the good and bad message
will result in both firm types choosing the same message. The true value of the (seemingly)
peculiar strategy of hiring a monitor and claiming to be bad can be assessed only in
equilibrium once lenders form their beliefs about the quality of firms given the alternative
monitor reports. For example, if lenders believe only a good firm hires an auditor and
claims bad, this strategy may be a desirable option. See also n. 15 below.

? Introducing monitors provides additional contracting opportunities; i.e., contracts
between firms and lenders could now be conditioned on the monitor’s report. Under very
special circumstances separation is now possible. Good firms who wish to borrow (N + K)
dollars can fully separate themselves by offering to repay Q—#i& (where r is the

G

risk-free interest rate) when the report issued by the monitor is good (and no bankruptcy
occurs) and R when the report says bad (and no bankruptcy occurs) if all of the following
conditions are met: (1) repudiation of a contract is not possible; (2) it is costless to verify
the monitor’s investigation took place after the contract between the firm and lender was

d+r) (E L= N K)>. Condition

2 VY:] Pc

(1) means that a bad firm cannot offer and then repudiate any contract offered by the good
firm. If (2) does not hold, bad firms who get good reports would want to offer any contract
chosen by a good firm. Finally, (3) guarantees that the separating contract is incentive-
compatible. In this section we implicitly assume one of the above three requirements is not
met. We stress, however, (i) the existence of separating contracts in the monitor model is
conditioned on monitors being present, and (i) in the auditor model, such full separation
is impossible.

signed; and (3) R is sufficiently large, i.e., R >
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We limit monitors to making type II errors for several reasons. First,
this assumption seems close to the real-world auditing procedure whereby
the firm’s financial statements are modified (if at all) only when the
auditor discovers a discrepancy between these numbers and his findings.'®
Second, confining the monitor to type II errors makes the auditor model
of the following section more tractable. Last, this assumption gives firms
the greatest ability to influence the audit reports. (If, for example, the
monitor were to make type I and type II errors with equal probability,
the probability of a good or bad report would be independent of the firm’s
message to its monitor.)!!

Lenders are risk neutral and operate in a competitive market. They
are willing to loan one dollar today for an expected payment of (1 + r)
at the end of the period, where r is the risk-free interest rate. Hence, the
specific rate charged a firm depends on lenders’ assessments of the
probability of bankruptcy.

Once firms have made their strategic choices and monitors have
investigated the firms’ claims, lenders observe three classes of firms—
those with a good report, those with a bad report, and those with no
report (since they did not hire monitors). For each group lenders form
beliefs about the probability that a firm in the given group is good and
set the interest rate accordingly. We let g, b, and n represent lenders’
probability assessments that a firm is good when it receives a good, bad,
and no report, respectively. The interest factor (the price of borrowing
one dollar), Q;, for a firm thought to be good with probability i, i = b, g,
n, is:

1+r

U= i el =)

(1)

Note that our main objective in studying the monitor model is to
understand better the nature of the equilibria when a strategic auditor is
effective; we are not interested in making welfare comparisons between
the two frameworks. Thus, because litigation threats are not necessary
to induce the monitor to work, we do not include courts in the monitor
model.*?

10 This assumption is consistent with the definition of audit risk adopted by the AICPA:
“This definition of audit risk does not include the risk that the auditor might erroneously
conclude that the financial statements are materially misstated. In such a situation, he
would ordinarily reconsider or extend his auditing procedures.... These steps would
ordinarily lead the auditor to the correct conclusion” (AICPA [1986, AU§312.02]).

1 Consider the extreme case in which the monitor fails to uncover an error with
probability 0.1 and changes a correct message with probability 0.1. Then regardless of
whether a firm claimed to be good or bad, the monitor would report a good firm to be good
with probability 0.9 and a bad firm to be bad with probability 0.9. Elirhinating type I errors,
on the other hand, gives firms maximal impact on the audited financial statements.

12 If we were to introduce a court system into the monitor model, for some parameter
values the results would parallel those of the monitor model and, for other values, they
would parallel the results of the auditor model.
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2.2 EQUILIBRIUM CONCEPT AND SEQUENCE OF PLAY

Our equilibrium concept is the sequential equilibrium, a refinement of
the Nash equilibrium, developed by Kreps and Wilson [1982]. A sequen-
tial equilibrium, in addition to specifying a strategy for each player,
includes a system of beliefs. For the beliefs and strategies to form a
sequential equilibrium the following are required:

1. Sequential rationality: starting from each information set, the strat-
egy of each player must be optimal for the remainder of the game,
assuming the player is evaluating the payoffs according to his beliefs
over the nodes in that information set and over his expected
strategies for the other players in the game, and

2. Consistency: beliefs are consistent with the hypothesized equilib-
rium strategies and satisfy Bayes’ rule whenever it applies.'®

This concept differs from the familiar Bayesian-Nash equilibrium in that
(1) beliefs are defined for every information set, including those that may
not be reached along the equilibrium path, and (2) strategies must be
optimal starting from any information set.

To summarize the monitor model and to indicate how the sequential
equilibrium definition is operationalized, the following outline shows the
sequence of action in the monitor model:

At the beginning of the period

1. Each firm privately observes its own type.

2. Each firm, correctly anticipating lenders’ beliefs for the three groups
(and recognizing it cannot influence these beliefs), strategically
decides whether to hire a monitor and what message to send (if a
monitor is hired).

3. Lenders form their beliefs regarding the probability that a firm is
good on the basis of the firm’s observed hiring decision and the
monitor’s public report.

4. Firms borrow N dollars, plus K dollars when a monitor is employed,
at an interest rate which reflects the lender’s beliefs. The project
begins.

At the end of the period

5. Either the firm realizes revenues R and pays its lender or the firm
is bankrupt.*

13 The consistency requirement in Kreps and Wilson [1982] includes more technical
constraints than the ones described here. In Melumad and Thoman [1986] we show our
equilibria satisfy all of those constraints.

4 More formally, the game proceeds as follows. Firms move first, each making a hiring
and message choice. After the monitors issue their reports, risk-neutral lenders bid for
loans to firms in each of the three observed groups (firms with good reports, bad reports,
and no reports). The bidding process is Bertrand in nature; i.e., each lender specifies an
interest rate at which it will make loans to members of that group. A firm chooses the
lender offering the lowest interest rate to its group; if more than one lender lists the lowest
rate, the firm randomly selects one.
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This sequence constitutes a sequential equilibrium only if the resulting
distribution of firms is consistent with lenders’ initial assessments (i.e.,
the fractions of firms actually getting good, bad, or no reports are g, b,
and n, respectively).

2.3 EQUILIBRIA OF THE MONITOR MODEL

In the monitor model we identify all possible equilibria:*®

PROPOSITION 1. For any value of the monitor fee there exist at most
three different essentially unique equilibria.’® Referring to figure 1 and
table 1, (a) at all fee levels there exists a no-hiring equilibrium in which
no firm hires a monitor; (b) for any fee level K € [0, K;] there exists an
hiring-I equilibrium in which some firms employ a monitor; and (c) for
any fee level K € [K°, K;] there exists a hiring-II equilibrium in which
some fraction of the good firms, but no bad firm, hires.'”

The proofs of Proposition 1 and all the following results are provided
in Appendix A.

The ubiquitous no-hiring equilibrium, described above, exists at every
level of the monitor fee due to the off-the-equilibrium-path beliefs. At
low fee levels this equilibrium is supported by lenders’ beliefs that hiring
a monitor identifies a firm as being truly bad. At high fee levels, however,
less extreme beliefs will also support the equilibrium. For example, if the
fee is very high, the firm may prefer not to employ a monitor and to be
known as average, even if hiring a monitor would have identified the
firm as good.

A hiring-II equilibrium exists only at high levels of the monitor fee
where all firms are indifferent to hiring, yet this equilibrium can be
sustained only if some good firms, but no bad firms, actually hire. Because
monitoring is very expensive, good firms are indifferent to being identi-
fied as good through payment of the monitor fee and being pooled with
firms which do not hire monitors (i.e., all bad firms and possibly some
good ones). As the monitor fee increases, this indifference is maintained

® When the monitor is not accurate, i.e., z < .5, there exist additional equilibria. For
example, there exist nondegenerate mixed strategy equilbria in which both firm types hire
and at least one firm type randomizes on its message choice. All additional equilibria are
Pareto dominated by the corresponding no-hiring equilibrium which exists for the same
parameter values.

16 By essentially unique we mean unique on-the-equilibrium-path strategies and payoffs.

" Given the multiplicity of sequential equilibria that exist in many models and the
“unreasonableness” of some of the beliefs supporting some of the equilibria, a literature
has developed which provides criteria for judging the reasonableness of equilibrium beliefs.
While the settings in those papers are not identical to ours (we have three strategy choices
which are not directly observable while the literature typically assumes two observable
strategy choices), in Melumad and Thoman [1986] we apply our interpretation of the
Intuitive Criterion of Cho and Kreps [1987] to evaluate the reasonableness of the equilib-
rium beliefs. We conclude that for mid-range levels of the monitor’s fee, the no-hiring
equilibrium is based on unreasonable beliefs. (This is consistent with the Cho and Kreps
results.) We note, however, that some no-hiring equilibria could be rejected.
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No-hiring Equilibrium Class

| - ~ Monitor Fee

Hiring-I Equilibrium Class
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F1G. 1.—Equilibria of the monitor model as a function of the monitor fee. For definitions
of variables used in this figure, see Appendix B.

by increasing the number of good firms employing monitors. The implied
upward-sloping demand for monitors within this class of equilibria seems
nondescriptive and unintuitive. We stress, however, that this equilibrium
type cannot exist when the monitor fee is at a low or moderate level.'®

Finally, we turn to the hiring-I equilibrium which has more intuitive
properties and results in meaningful separation:

COROLLARY 1.1. For any set of parameter values there exists at most
a single hiring-I equilibrium.

Referring to figure 1 and table 1, the equilibrium is: (a) a pooling
equilibrium, where both firm types hire a monitor and claim to be good,

'8 Hiring-1I equilibria cannot be eliminated using standard refinements because there is
no (observable) action for the firm not taken in equilbrium; hence all beliefs are computed
according to Bayes’ rule. We also note hiring-II type equilibria are standard features of
bivariate signaling models, e.g., Spence’s [1973] education model.



87

AUDITORS AND THE COURTS

*(V x1pusddy 9es) wnuqi[mbae s1y3} Suonpur s39s £399BI)S [BISASS JO SUO NJIISU0I SAISIRIYS PIJEIIPUI BY T, ,

"I 9In3Yy Ul PaUYep 318 o3 pue ) % f .

“wnuqmbs 8y Yirm Ju)SISU0d St Yorym (Jarjaq payyioads 9y Surpnjour) sanfea Jo aSuel [BIALIJUOU € SI 810Y] Jo1[oq yyed-wniqimba-ay3-}jo Ue ST JoI[oq 93 USYA ,
g x1puaddy 9ss ‘a[qe} SIY} Ul Pasn S9[qeLIBA JO SUOIULSP 10

il 3 a1ty ON g
=u T E
o —1)2
@ -1
‘qoxd
U3 a1ty ou
od oo ~qoxd
[7d@ = 1) +2d(%0 — 1)7] . 1=¢ Y31m poos
d d !
ZA_— o1 —-T)+1) G+ 73 I [557 ‘0211 I=5 wIep 3oy :H wII-8UMIy g
o=u
0=9 Sy oN g
ad od 008  Suneredeg
d P r
Zﬁk + L& Gi+N % + Lu [551 %] I=75 urep 3y :H Amg
(0 — 1) "qoad
UM a1y ou
o=u “@p -qoad
Y3m pood
0=9q wiep » 3y :g
il ed [ +N) -0 -1 +od d E-ne Idmd+unu poo3 Suryeredog
N[z +1 [(E-DE-DF+3(+T1) (®1 31) ? wiep R MM  A[Ered
ad
Q+Z%T+L~+ 0—u
poo3
0=q wrep 3 Iy g
ad(z — 1)(2 — 1) +2d2 d(z - 1)(2 — 1) +°d E-10-1+1 008
z—1)led d AL ALY P
_H:N —DE-D+2E+ ﬂLA C* O+ ZV_H:n —DE-D+AE+T) [ ‘o] 7 Wiep % Iy 39 3urjood I-8uMIy g
1=u
0=49 a1y oN g
(2 — 1) +°d et (1 — 1) +°dz o
N 4+1 N 4+ 1 [0 ‘0] 0=78 211y ON 9 Suuy-oN ‘1
(UMb b
$380)) pajoadxy $3500) paoadxy 8unyroddng BLIQIMbH
swIlg peg S UL Pooy) $99,] 91PNy SPIPH soBreng Jo ssen
Jo aduey

{12POJNT 01UOP 243 U1 DLGYIND Jo SASIUIDLIYY
I ATdVL



88 N. MELUMAD AND L. THOMAN

for K € [0, Ki]; (b) a partially separating equilibrium, where all good
firms, as well as a fraction of the bad firms, hire monitors, for K €
(K1, Ky); the fraction of bad firms hiring is decreasing in K; and (c) a
fully separating equilibrium, where bad firms do not hire while good ones
do, for K € [K,, K;].

Corollary 1.1 describes a downward-sloping demand for monitoring
within the class of hiring-I equilibria. At very low monitor fees both good
and bad firms want to hire a monitor (given the off-the-equilibrium-path
beliefs that only a bad firm would not hire a monitor). A good firm will
employ a monitor because it knows it will get a good report which will
reduce its total interest charges. A bad firm finds it worthwhile to try to
masquerade as a good firm since there is a (1 — z) chance of getting a
good report and being confused with actual good types.

As the monitor fee increases, the net benefits to each firm type from
hiring the monitor decline. Bad firms, however, are the first to become
indifferent to employing monitors since the monitor is able to identify
some of the high-risk types. With a further increase in the monitor fee
some bad firms stop hiring monitors. The smaller number of bad firms
employing monitors implies a smaller number of bad firms getting good
reports and, in turn, lower interest rates for firms with good reports. For
bad firms, the benefits from this lower interest rate just offset the extra
cost of the higher monitor fee, keeping bad firms indifferent to hiring.
As the fee increases even further, additional bad firms drop out of the
monitors’ market, thus maintaining this indifference.

When monitor fees are sufficiently high, all bad firms strictly prefer
not to employ monitors while good firms continue to hire. In this case,
the monitor acts as a perfect signal of a good firm. It is the off-equilibrium
threat of a bad report, which lenders associate with a bad firm, that
keeps bad firms from hiring monitors. However, only when the monitor
works is the threat of a bad report credible. As shown in the next section,
the impossibility of making a strategic auditor work when there is a
perfect separation of types disallows this equilibrium class in the auditor
model. Finally, at extremely high fees, the benefits from the monitor as
a signal are outweighed by the audit fees, and thus no firm hires a
monitor.

The existence of the two distinct classes of equilibria in which monitors
are employed, hiring-I and hiring-II, is due to the endogeneity of the
signaling costs in the model. In a hiring-I equilibrium lenders believe a
firm which receives a bad report is truly bad; these beliefs may be off-
the-equilibrium-path beliefs, as in the fully separating case, or on-the-
equilibrium-path beliefs, as in the pooling or partially separating cases.
Because monitors provide useful information about firms’ types by iden-
tifying some of the bad firms, good firms have lower signaling costs than
bad firms in a hiring-I equilibrium. On the other hand, in the hiring-II
equilibrium lenders believe a firm which receives a bad report is truly
good; these beliefs may be off-the-equilibrium-path beliefs or on-the-
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equilibrium-path beliefs when the good firms claim to be bad and are the
sole employers of monitors. Hence, in a hiring-II equilibrium the monitor
provides no information about firms’ types, and all firms have the same
signaling costs.

By comparing firms’ costs, as given in table 1, we establish the following
corollaries for the hiring-I class of equilibria; proofs are provided in
Appendix A.

COROLLARY 1.2. Within the class of hiring-I equilibria, there exists
a range of monitor fees (including the interval [K;,K,]) in which an
improvement in monitoring quality (i.e., an increase in z) reduces the
number of firms hiring monitors.

From the definitions in figure 1 it is apparent that, as z increases, both
K, and K, decline while K; remains unchanged. Thus, within this equi-
librium class, the range of fees over which there is a positive demand for
monitoring does not change with an improvement in monitoring tech-
nology, but the “demand” for monitoring becomes less elastic. More
accurate monitoring reduces the bad firm’s benefits from engaging a
monitor; therefore, fewer bad firms hire at each fee level.

COROLLARY 1.3. For the partially separating equilibria of the hiring-
I class, increasing the monitor fee is a Pareto improvement for the firms.

For the range of fees which support partially separating hiring-I
equilibria, the bad firm is indifferent to hiring; hence, increasing the
monitor fee does not affect its costs. For the good firm, increasing K has
two opposing effects on its expected costs: (1) a direct increase and (2)
an indirect decrease since fewer bad firms employ monitors, thus reducing
the interest factor @,. In equilibrium, the second effect dominates.

COROLLARY 1.4. Within the class of hiring-I equilibria, if the propor-
tion of good firms, ¢, is “small” and/or the monitors’ accuracy, z, is “large”
(formally, if and only if t — (1 — t)z < 0), then good firms are better off
in equilibria which correspond to high monitor fees in the neighborhood
of K, (i.e., fees that result in little or no hiring by the bad firms) than in
equilibria which correspond to any other fee. In particular, good firms
are better off with high monitor fees than with costless monitoring.

Roughly, when there are “many” bad firms, the signal implicit in the
hiring act itself better separates good and bad firms than the report of
the imperfect monitor. A “high degree” of monitoring accuracy is also
necessary, however, to ensure that the monitor fee which drives all bad
firms out of the market is not excessively high.

We now turn to a comparison across equilibrium classes.

COROLLARY 1.5. For each K € [0, K°), i.e., when only hiring-I and
no-hiring equilibria exist, while the bad firm is always better off in the
no-hiring equilibrium, the good firm is better off in the hiring-I equilib-
rium as long as t < 2 — 1/z. Otherwise, for some nontrivial range of
monitor fees, both firm types are better off in the no-hiring equilibrium
than in the hiring-I equilibrium.

Bad firms always prefer the no-hiring equilibrium to the hiring-I
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equilibrium since they do not have to pay for monitors and are indistin-
guishable from good firms. The comparison for good firms is more
complicated. The interest rate charged in the no-hiring equilibrium is
always higher than the rate in the hiring-I equilibrium, but after account-
ing for the monitor fee, the good firm may be better off in the no-hiring
equilibrium. In particular, a good firm is better off being viewed as
average risk and saving the monitor fee, as in the no-hiring equilibrium,
when the number of good firms, ¢, is large or monitor accuracy, z, is
small.

COROLLARY 1.6. For each K € [K°, K], i.e., when all three equilib-
rium classes coexist, the no-hiring equilibrium weakly dominates the
hiring-II equilibrium, which in turn weakly dominates the hiring-I equi-
librium.

The no-hiring equilibrium dominates the hiring-I and hiring-II equilib-
ria because the monitor fee is relatively high; firms are better off not
employing the monitor and being thought of as average. The hiring-II
equilibrium dominates the hiring-I since fewer firms hire the expensive
monitors in the hiring-II equilibrium.

We now turn to the auditor model and establish results analogous to
the above corollaries of the monitor model.

3. The Auditor Model

In this model the auditor is a strategic player who chooses both work
intensity and report type to maximize his utility. A court system is also
introduced as a disciplining mechanism for auditors. Suit decisions are
endogenously made strategic choices determined by equilibrium payoffs.
In the first part of this section we concentrate on sets of parameter
values inducing, via the litigation process, equilibria in which auditing is
said to be “effective”; i.e., the auditor works and reports truthfully. While
we find several parallels between the monitor model and the auditor
model when auditing is effective, we observe the fully separating hiring-
I equilibria of the monitor model cannot coexist with effective auditing.
In addition, we examine the role played by the size of the damage awards;
in particular, we describe one reason extensive litigation (that is, a large
number of lawsuits) against auditors might be desirable. In the second
part of the section we study effective auditing equilibria involving limited
litigation. We conclude the section by examining ineffective auditing
equilibria.

3.1 ASSUMPTIONS OF THE AUDITOR MODEL

In the auditor model, we add to the basic setting of the monitor model
the following variants and assumptions. First, the auditor is assumed to
be a utility-maximizing, risk-neutral agent who strategically decides

1% A similar welfare relation exists among no-hiring, hiring-II, and fully separating hiring-
I equilibria in standard bivariate signaling models.
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whether to work and what type of report to issue. An auditor who works
obtains the same findings as a monitor with the same level of accuracy;
i.e., a false message will be found with probability 2z, and a truthful
message is never mistaken as incorrect. On the other hand, an auditor
who shirks and does not investigate can never find a discrepancy between
the firm’s message and its true type. The auditor’s findings in this last
case are defined to be identical to the message. As in the monitor model,
the auditor is said to be truthful if he reports his findings.?’ Neither the
auditor’s work choice nor the audit findings are publicly observable.

The auditor’s work decision depends on the firm’s message and his
beliefs that the message came from a good firm; similarly, the auditor’s
report choice is a function of his revised beliefs about the firm’s type,
given the investigation. Accordingly, we introduce the belief g°(b°) to
represent the auditors’ beliefs that a firm which hired an auditor and
claimed to be good (bad) is actually good.

Paralleling the monitor model, firms are assumed to be price-takers in
the auditing market. The auditor’s market alternative is K — w, where w
is the personal cost of effort. Hence, the auditor works only if he expects
to receive K. We postpone the discussion of assuming flat auditor
contracts until section 4, after the auditor model and its results have
been presented.

In our single-period model, absent reputational effects, an auditor who
bears no responsibility for the audit report would always prefer to shirk
and report opportunistically. We posit, therefore, a court system in which
a lender or firm may sue an auditor if it believes/knows that the auditor’s
report differs from the firm’s true type. In a lawsuit, the court looks for
discrepancies between the audit report and the firm’s type; we label such
a discrepancy an audit failure. If an audit failure exists, the courts
discover it with probability y, but if the audit report is accurate, there is
no audit failure to uncover, and the court’s ruling agrees with the report.
No moral hazard is assumed on the part of the courts since the proceed-
ings are public; all parties hear the evidence presented and can observe
any discrepancy revealed. We have modeled the courts as having a similar
technology to the one employed by auditors. The domain of the courts’
investigation, however, differs from that of the auditors’; while auditors
try to compare the firm’s message with its type, the courts compare the
auditor’s report with the firm’s true type.

In this model an audit failure could occur for three possible reasons:
(1) the auditor did not work and consequently failed to discover a lie in
the firm’s message; (2) the auditor did not truthfully report his findings;
or (3) although the auditor worked hard and reported truthfully, he failed

% As long as the auditor works, the use of the terms “findings” and “truthful” seems
intuitive. However, when the auditor does not work, our definitions imply that his findings
are identical to the firm’s message and that a truthful auditor’s report repeats the firm’s
message. While this stretches the commonsense notion of there being “findings” or of the
auditor as being “truthful,” we nonetheless maintain this semantic convention.
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to uncover an error in the firm’s message. Courts punish revealed audit
failures but are unable to differentiate their sources.?

We impose some restrictions on the court’s ability to assess damages
and try cases. If the court discovers a discrepancy between the audit
report and the firm’s type, the defendant is assessed a penalty, A, to be
paid to the plaintiff as a damage award; if no error is discovered, there
are no penalties or awards.?? Because we are interested in studying the
effect of varying the size of the damage payment on the resulting
equilibria, we assume A is exogenous; in other words, A does not reflect
the size of the actual damages incurred. Suits involve legal costs, L,
which are paid by the loser. We also impose two limitations on the types
of suits that can be tried. First, the court’s ruling is final; a firm cannot
be retried. Second, the court only hears cases in which a party can claim
to have been damaged ex ante by the auditor’s report. Hence, if in
equilibrium @, < @, then (1) a firm with a good report cannot sue its
auditor, and (2) a lender to a firm with a bad report cannot sue the
auditor.?

We assume that the lender can sue the auditor but not the firm. This
assumption is adopted for two reasons. First, this assumption simplifies
the analysis, permitting us to avoid questions of whether the firm can be
sued when it is bankrupt and how damage payments are to be divided
between a firm and its auditor. In addition, it makes the signaling problem
more significant because the court system cannot directly punish a firm
for lying. However, since the audit fee is determined competitively, any
expected damage payment will be reflected in the fee; thus, ex ante the
auditor’s expected utility does not depend on the way damages are
assigned.

A court system introduces several complexities to the model. First, as
noted above, because the auditors bear the risk of being sued, their
competitively determined fee reflects the expected damage payments.
The actual payment to the auditor, denoted by «, is endogenously deter-
mined in equilibrium and, in general, is different from the auditor’s
market alternative K. Second, if a firm sues its auditor, the court’s ruling
provides information about a firm’s type which lenders can use in
determining interest rates. Therefore, letting ij (i, j = g, b) represent
lenders’ beliefs that a firm with an i-report and a j-ruling is good, there
exist new prices, @y, in addition to the prices Q; (i = g, b, n) charged
firms which have not sued their auditors. Last, firms have an additional

21 This assumption makes it more difficult to induce auditors to work and report
truthfully.

22 The term damage award captures both the restitutional and the punitive aspects of
the transfer payment A.

2 In section 3.2.2 we consider an alternative scenario where the lenders can sue only
when the firm is bankrupt; this scenario is studied in Melumad and Thoman [1990]. In
section 3.2.3 we discuss the effect of an alternative damage-assessment assumption on our
results.
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strategic choice, and lenders become strategic players. After the auditor’s
public report is issued, the firm strategically decides whether to sue its
auditor. If the firm does sue, it must borrow the legal fees (L); any
subsequent payment awarded the firm would reduce its borrowings.2*
Similarly, at the end of the period, the lender decides, based on the
auditor’s report and the solvency position of the firm, whether to sue the
auditor.
In summary, the sequence of actions proceeds as follows:

At the beginning of the period

1. Each firm knows its own type.

2. The firm, correctly anticipating lenders’ beliefs for the different
groups (and recognizing that it cannot influence these beliefs),
decides whether to hire an auditor and what message to send (if an
auditor is hired).

3. Given the message from the firm and his beliefs about the firm’s
type, the auditor makes a work choice, completes the investigation,
and decides what report to issue.

4. Based on the report, the firm decides whether to sue its auditor. If
the auditor is sued and found guilty, he pays damages to the firm.

5. Lenders form beliefs about the probability that a firm is good,
conditioned on the firm’s hiring decision, the auditor’s report, the
firm’s suit choice, and the court’s finding.

6. Firms borrow the necessary funds (i.e., NV plus K, if it hires auditor,
plus L, if it loses its suit against its auditor, minus A if it wins its
suit) at an interest rate which reflects lenders’ beliefs and commence
production.

At the end of the period

7. Either the firm realizes revenues R and pays the lender or the firm
goes bankrupt.

8. Lenders decide whether to sue the auditor.

9. The court conducts its investigation and assesses damage awards.

A sequential equilibrium exists when all parties maximize their ex-
pected utilities at each stage of the game, when the resulting distribution
of firms’ messages is consistent with auditors’ beliefs, and when the
resulting distribution of firms borrowing funds at the various interest
rates is consistent with lenders’ beliefs about the quality of firms which
obtain loans at those interest rates.

3.2. EQUILIBRIA OF THE AUDITOR MODEL
In the auditor model, as in the monitor model, an equilibrium in which
no firm hires an auditor always exists.

24 The alternative assumption, that the firm collects its damage awards at the end of the
period, would not qualitatively affect the analysis.
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PROPOSITION 2. In the auditor model, a no-hiring equilibrium exists
for all possible sets of parameter values.

As in the monitor model, these equilibria are supported by off-the-
equilibrium-path beliefs that a firm hiring an auditor is truly bad.?

The nature of the equilibrium in which auditors are employed crucially
depends on the set of parameter values; in particular, it depends on the
size of the damage award. When penalties for audit failures are large
enough, auditing is effective; i.e., auditors work and truthfully report
their findings. Sufficiently small penalties, on the other hand, will not
induce effective auditing. We first focus on effective auditing equilibria,
looking at two subclasses of this general class. In section 3.2.1 we consider
effective auditing, extensive litigation equilibria where lenders sue when-
ever the report is good. In section 3.2.2 we study the effective auditing,
limited litigation equilibrium class where lenders sue auditors who have
issued good reports only when the firm is bankrupt. In section 3.2.3 we
turn to ineffective auditing equilibria.

We first observe:

PROPOSITION 3. Fully separating equilibria do not exist for any set
of parameter values.?

The proof of Proposition 3 is based on the following intuitive argument.
If a fully separating equilibrium exists, lenders would no longer sue since
they know that any firm with a good report is indeed good and, hence,
the lenders cannot win awards. But if lenders do not sue, auditors will
not work. Consequently, the benefits from hiring an auditor are identical
for both firm types, and all firms would make the same hiring decision,
contradicting the existence of a separating equilibrium.?’

Proposition 3 suggests that conclusions made possible by the existence
of auditors, exogenously assumed to be effective, may not be valid in a
similar setting where the auditor’s effectiveness must be induced in
equilibrium. For example, some of the nonstrategic auditing literature
focuses on separating equilibria facilitated by information provided by
nonstrategic auditors. When the auditor is strategic, separation may not
be possible.

3.2.1. Effective auditing, extensive litigation equilibria. In this section,
we assume damage awards are sufficiently large that lenders sue whenever
the report is good.

% As in the monitor model, we could apply refinements on beliefs in an attempt to
reduce the number of equilibria. The complexity of the model makes operationalizing
refinements such as the Intuitive Criterion difficult. We expect, however, an application of
standard equilibrium refinements to result in an elimination of no-hiring equilibria for
some parameter values (see n. 17 above).

% The one exception to this proposition is a special case of the hiring-II equilibrium
discussed below. For only one value of K (K = K; as defined in figure 1) there exists an
equilibrium in which all good firms hire and send an arbitrary message while all bad firms
do not hire. Full separation is then possible since both firm types are indifferent to all
three report choices. Note that in this knife-edge case, separation is not beneficial to any
party.

%" For a related argument, see Bachar [1989].
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Auditor's Market
> Altemative

Pooling Kj Partially K,
Separating
K = N(1-29pg-pp)  (A+L)y(1-0t(1-z)zpg  L(1-2)[t+(1-0)(1-2)]pg
17 apgH(l-gpgy ~ (nepg+(1-2pgl ~ (14n)[ztpg+(1-2)pg]
. N(l-Z)(PG-PB) L(1-z)py
K = pgrop, ~ Tzpgr(1-Dpg)

F16. 2.—Effective auditing, extensive litigation equilibrium class in the auditor model.
For definitions of variables used in this figure, see Appendix B.

PROPOSITION 4. In the auditor model, for some parameter values
there exists an effective auditing, extensive litigation equilibrium. Refer-
ring to figure 2 and table 2, this equilibrium is (a) a pooling equilibrium,
where both firm types hire an auditor and claim to be good, for any
auditors’ market alternative K € [0, K,’], or (b) a partially separating
equilibrium in which all good firms, as well some fraction of the bad
firms, hire auditors and claim to be good for all K € (K,’, K,” — €], where
e can be made arbitrarily small; the fraction ap of bad firms hiring is a
decreasing function of K. This equilibrium is the essentially unique
effective auditing, extensive litigation equilibrium in which all firms
hiring auditors claim to be good.?®

Intuition for the types of restrictions that must be imposed on the
parameter values to ensure that auditing is effective and litigation
extensive is as follows. Suppose equilibrium beliefs support @, < @»; given
the restrictions on the types of cases courts will review, a firm can sue
its auditor only if the report is bad, and a lender can sue the auditor only
if the report is good. Without the threat of both suit types the auditor
would not always tell the truth, contradicting the assumption of effective
auditing. Hence, an initial requirement is that the lender’s expected
damage award from suing when a firm gets a good report must outweigh
the legal costs. Second, since @, < Q,, both firm types will claim to be
good. If an auditor were subsequently to report a good firm as bad (in an
attempt to avoid a lender’s lawsuit), the good firm would know it had a
good chance of winning a lawsuit. The good firm will want to sue when
the auditor reports bad if the expected award exceeds the legal fees
involved. Finally, while the auditor cannot avoid paying some damages
(since he errs occasionally), he will work hard if the expected reduction

%We do not attempt to characterize all possible equilibria of the auditor model; in
particular, there may exist equilibria in which some firms claim to be bad when they hire
auditors and there is effective auditing and extensive litigation.
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in damage assessments through the investigation outweighs the personal
cost of effort. In summary, for an effective auditing, extensive litigation
equilibrium to exist, the damage award must be large relative to the legal
fees, L, and the personal cost of effort, w.

Corollaries 1.3 through 1.5 of the monitor model have analogues in the
auditor model. As in the monitor model, these corollaries are derived by
comparing the firms’ costs across and within equilibria classes.

First, we find instances in which a higher audit fee is actually beneficial:

COROLLARY 4.1. For any partially separating equilibrium within the
class of effective auditing, extensive litigation equilibria (i.e., for any K
€ (K\, Ky’ — €], where ¢ can be made arbitrarily small), increasing K is
a Pareto improvement for the firms if and only if:

N +r) + 2L _ y(aps + (1 = 2)ps)
A+L Pc — DB '
As in the monitor model, for the range of fees supporting partially
separating equilibria, the bad firm is indifferent to hiring, and thus an
increase in K does not affect its expected costs. The impact of increasing
K on a good firm’s expected costs is more complex. In addition to the
two effects identified in the monitor model—a direct increase via K and
a reduction in @), due to a revision of lender’s beliefs—there is a third
effect which increases @, because of the reduced expected damage awards
collected by lenders. As long as N is large, relative to (A + L), the
reduction in @, dominates the other two effects.

Second, we observe circumstances in which the auditor better serves
as a pure signaling device than as a provider of information:

COROLLARY 4.2. Within the class of effective auditing, extensive
litigation equilibria, if the damage award, A, the legal fee, L, and the
proportion of good firms, ¢, are small and auditors are accurate, then
good firms are better off in equilibria corresponding to a high market
alternative for the auditor than in equilibria corresponding to a zero-
valued market alternative for the auditor.

As in the monitor model, when bad firms dominate the population and
auditors commit few errors, good firms are better separated via the costly
signal implicit in hiring an auditor than via the information content of
the auditor’s report.

Finally, we observe there exist sets of parameter values for which all
firms would be better off without the institution of auditing:

COROLLARY 4.3. For K in the neighborhood of K;’, there exist some
values of the other parameters for which both firm types are better off
in the no-hiring equilibrium than in the corresponding effective auditing,
extensive litigation equilibrium.

The auditor model also enables us to analyze the impact of increases
in the damage award. If all bad firms hire auditors at the original award
level, some sufficiently large increase in the award would make bad firms
indifferent to hiring. Analyzing the impact of increasing A beyond the
level of indifference is complicated by the possibility that the suing
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decision could be affected—increasing A may drive some bad firms out
of the market, reducing the likelihood a lender will win his case; the
combined effect of a higher damage award with a lower probability of
winning damages on the lenders’ and firms’ equilibrium suing strategies
is not immediately clear. In the proof to the following corollary we show
that for effective auditing, extensive litigation equilibria increasing A
does not affect the players’ suing strategies. Simple, yet cumbersome,
computations show this increase in this damage award reduces the
proportion of bad firms employing auditors while reducing the good
firms’ expected costs.

COROLLARY 4.4. Within the class of effective auditing, extensive
litigation equilibria, increasing the size of the damage award (weakly)
reduces the number of bad firms employing auditors. For the subclass of
partially separating equilibria, the number of bad firms hiring, as well as
the good firms’ expected costs, strictly decreases as the damage award
increases. Consequently, for this equilibrium subclass, increasing the
damage award is a Pareto improvement for the firms.

In contrast to Corollary 4.1, we note that this Pareto improvement is
independent of the parameter values.

All of the above results assume an unregulated environment. If auditing
were mandated, then the signal provided by firms’ hiring choices would
be lost. Assuming litigation awards were sufficiently high to induce
effective auditing, firms’ costs would be the same as in the pooling hiring
equilibrium (given in table 2). Clearly, in a regulated setting, increasing
the auditor’s market alternative cannot improve separation; it merely
increases all firms’ borrowing costs. From table 2 it is apparent, however,
that increasing the damage award would reduce the good firms’ costs at
the expense of the bad firm. Intuitively, raising the damage awards
increases the equilibrium-expected damage awards collected by the lend-
ers; as a result lenders reduce the price for a loan associated with a good
report (but not the price corresponding to a bad report). To summarize:

COROLLARY 4.5. In a setting with mandatory auditing, there exist
equilibria in which auditing is effective and litigation is extensive. For
those equilibria, an increase in the auditor’s damage payment raises the
bad firms’ expected borrowing costs while reducing the good firms’
expected costs, even though auditors charge both firm types the same

fee.
Thus, while separation cannot be improved by increasing the damage

awards in a regulated environment, costs are more appropriately assigned
(relative to perfect observability).
Finally, we consider the impact of changes in level of auditor accuracy,
2
COROLLARY 4.6. Consider equilibria in which litigation is extensive
and auditing is effective and mandatory. When A is large and z is close
to one, an increase in z raises the good firm’s expected costs and lowers
the bad firm’s expected costs.
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The implication of the corollary, from the perspective of the good
firms, is that auditors in a regulated environment can be too accurate.
The intuition for this result is the following. Changing z affects a good
firm’s expected costs in three ways: (1) the interest factor corresponding
to a good report is directly reduced as more bad types are detected; (2)
the interest factor corresponding to a good report is indirectly increased
as lenders’ expected damage collections decline; and (3) the audit fee,
charged all firms, is reduced due to fewer successful suits. When z is close
to one, a further increase in z reduces by a large percentage the number
of bad firms with good reports, causing effect (2) to dominate the
combined impact of (1) and (3).

3.2.2. Effective auditing, limited litigation equilibria. The prior section
assumed the parameter values induced lenders to sue whenever the report
was good. The extensive litigation feature of the derived equilibria might
be regarded as undescriptive as well as “undesirable” because it involves
large deadweight legal costs. However, there exist effective auditing
equilibria when litigation is “limited,” i.e., where lenders sue only when
the report is good and the firm is bankrupt. This will happen when award
levels are too small to induce extensive litigation, yet sufficiently large
to induce limited litigation.

PROPOSITION 5. For some parameter values, in particular small dam-
age awards, there exists an equilibrium similar to the equilibrium de-
scribed in Proposition 4 with the exception that lenders sue only when
the report is good and the firm is bankrupt. This equilibrium is the
essentially unique effective auditing, limited litigation equilibrium in
which all firms hiring auditors claim to be good.

We stress that extensive litigation equilibria and limited litigation
equilibria cannot coexist for the same parameter values. Nevertheless, in
evaluating the equilibria as to their descriptiveness or “desirability,” we
note the following. First, the label “limited litigation” refers to suing
behavior and not to the number of cases litigated. In fact, for the same
parameter values (other than the damage awards), there may be more
legal cases in a limited litigation equilibrium than in an extensive
litigation equilibrium because the larger awards in the latter drive many
bad firms out of the auditor market. Second, in the limited litigation
equilibria, we trade improved separation for (possibly) reduced litigation.
Because the damage awards in the limited litigation case have to be
relatively small—to guarantee a lender will not find it worthwhile to sue
when the firm is not bankrupt—the separation between types is limited.

Finally, we consider an alternative setting in which limited litigation
is exogenously imposed via legal strictures requiring the existence of ex
post damages before a case can be tried; specifically, lenders can sue only
if the firm was bankrupt after it had gotten a good report. In this case,
we get qualitatively similar existence and comparative static results
corresponding to the effective auditing, extensive litigation case.

3.3.3. Ineffective auditing equilibria. 'We consider parameter values
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for which litigation threats are insufficient to induce the auditor to work.
This can occur if the auditor’s personal cost of working, w, exceeds the
incremental expected damages for shirking or if firms’ or lenders’ ex-
pected legal costs exceed the total expected damage collections—thus
they would never sue. (Note that total expected damage collections are
small when the damage award, A, is relatively small, as well as when few
bad firms hire.) ,

When auditing is ineffective, the auditor functions as a monitor who
has no detective ability, i.e., a monitor with z = 0. In this case, there
exist pooling and partially separating hiring-I as well as hiring-II equilib-
rium classes, although the monitor provides no information. At the same
time, we observe:

PROPOSITION 6. Any ineffective auditing equilibrium is strictly Par-
eto dominated by the no-hiring equilibrium corresponding to the same
set of parameter values.

As long as the ineffective auditing equilibrium is due to the small level
of the damage award, A, and/or a high personal cost of effort, w,
ineffective auditing equilibria and effective auditing equilibria cannot
coexist for the same parameter values. But if the ineffective auditing
equilibrium is a consequence of the fact that no bad firms hire (as in a
hiring-II equilibrium), it is possible ineffective and effective auditing
equilibria will coexist for the same parameter values. However, as long
as auditing is moderately accurate, an equilibrium involving effective
auditing and a hiring-II equilibrium cannot coexist for the same param-
eter values.?

Before concluding, we wish to comment on a potential similarity
between ineffective auditing and one common interpretation of a rational
court system. Some legal researchers argue damage awards should restore
a “wronged” party to his economic position had the wrong not occurred.
Consider now an extreme case of a “rational” court system that attempts
to bring the plaintiff back to his ex ante position. In our model, a
bankruptcy does not imply the lender has been damaged, since in equi-
librium the lender always receives a payment which accurately reflects
his probability of being repaid. He accepted a known fair bet but was
unlucky and lost. Since our “rational” court would not rule any award to
lenders, lenders would not sue and auditors would not work. Hence a
“rational” court system, in the context of our model, provides a special
case of ineffective auditing, and all equilibria in which auditors are
employed would be dominated by equilibria without auditors.*

4. Discussion

In this section, we address the issue of hiring courts (instead of
auditors) to signal types and discuss the limitations of the flat fee
assumption.

2 A sufficient condition is z > t because it guarantees that K’ < K°.
% For a related discussion of ex ante versus ex post damages, see Patell, Weil, and
Wolfson [1982].
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4.1 WHY HAVE AUDITORS?

A legitimate concern is whether auditors serve any purpose once a
court system is introduced. Indeed, in our model, only when a firm
engages an auditor will the lender “consider” charging it a reduced price.
However, an alternative market arrangement would allow firms to make
public claims about their types and let lenders strategically sue firms
based on the firms’ messages. Thus, what is the rationale for introducing
the intermediate party—the auditor?

We present two possible reasons. First, auditors reduce the extent of
litigation in equilibrium. In the absence of auditing, all firms would issue
the same message; hence, when awards are large enough, the lenders
would sue every firm. In the auditor model, even in a case of extensive
litigation, as described in Proposition 4, some bad firms are screened out
by the auditors, and no suits are initiated by lenders with respect to these
firms.

A second rationale for introducing the auditors is the “insurance” role
they play given the firms’ limited ability to pay damage awards. A firm
can pay damages up to its net return (after borrowing costs), but even
this amount is conditioned on solvency. Auditors, on the other hand, are
assumed to have deep pockets and thus provide finer separation compared
to a model in which lenders sue the firms directly.

4.2 OPTIMAL AUDIT CONTRACTS

We have assumed that a firm cannot design an audit contract in which
payment is a function of the observable variables. We justify these
assumptions on several grounds. First, we are interested in studying
strategic auditing in a market setting. A flat audit contract assumption
facilitates the analysis in our complex market setting while reflecting
reality. Second, introducing more elaborate contracts would necessitate
the introduction of lenders’ and auditors’ beliefs about firms which offer
those contracts. This would be a game different than the one analyzed
in this paper; however, if we were to identify all sequential equilibria of
the new game, not only the fully separating ones, the equilibria of this
paper would also be equilibria of the new game for appropriately defined
beliefs about parties who offer nonconstant contracts. As contracts could
only be judged as “optimal” within the context of a given equilibrium set
of lenders’ and auditors’ beliefs, the constant contracts of this paper
would still be “optimal” for an appropriately defined set of beliefs. In
Melumad and Thoman [1990] we study the question of optimal contin-
gent audit contracts in a setting similar to the one of this paper. Finally,
our intent is to study the equilibria of a market setting when there are
limits on firms’ abilities to separate themselves. Imposing flat contracts,
~ although not essential, enables us to achieve this objective more easily.
Much of the signaling literature studies combinations of contracting
arrangements and public information sets which result in perfect sepa-
ration for some parameter values; the analysis typically concentrates on
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such fully separating equilibria. We have taken a different tack by
restricting the signaling opportunities and studying all possible sequential
equilibria. We believe this approach reflects the real world where firm
characteristics are sufficiently complex—compared to the limited number
of observable variables on which contracts can be written—to preclude
full separation, and hence other equilibrium types prevail. Assuming all
audit contracts are flat allows us to study the various equilibrium forms.
In addition, while for some parameter values contingent contracts would
produce in the monitor model a fully separating equilibrium (along with
other sequential equilibria), fully separating sequential equilibria cannot
exist in the auditor model.

APPENDIX A
Outline of Proofs

PrROPOSITION 1 AND COROLLARY 1.1. Let «; be the probability a firm
of type i, i = B, G, picks the action hire and claim to be good; let 3; be
the probability a firm of type i, i = B, G, picks the action hire and claim
to be bad. By default, 1 — o; — 8; is the probability a firm of type i, i =
B, G, does not hire a monitor. The following chart indicates all potential
equilibria of the monitor model:

acE€(0,1) ag€(0,1)
ag=lag=0ac=0acE€ (0,1) ag=0 BsE(0,1) BzE(0,1)
Be=0B=18=0 Be=0 BeE€E(0,Nag+Bs=1ac+Bc<1

ap=1,8=0 A B C D E F G
ap=0,8=1 H I J K L M N
oag = 0, ,BB =0 (0] P Q R S T U
ap€(0,1),85=0 Vv w X Y VA AA BB
ag=0,8s € (0,1) CC DD EE FF GG HH I
ap€(0,1),85€(0,1) JJ KK LL MM NN 00 pp
ap+ =1
as€(0,1),8:€(0,1) QQ RR SS TT uU 1%4% ww
ag+PBp<1

Given the beliefs g, b, and n and the interest factor associated with each
belief, as given by equation (1), the expected costs for each firm type for
each of the three pure strategies are:

Good firm’s Bad firm’s
Action expected costs expected costs
a;=1,6=0 PcQe(N + K) pal(1 — 2)@; + 2Q](N + K)
a;=0,8=1 palzQ + (1 — 2)@)(N + K) pe@y(N + K)
a;=0,8=0 Pc@nN pe@nN

Finally, if beliefs follow Bayes’ Rule, on the equilibrium path they are
defined as follows:
g= t(ag + Bez)
tlag + Bez) + (1 — t)ap(l — 2)’

(A1)
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_ tBa(1 — 2)
b= tBa(1 — 2) + (1 — t)(agz + Bs)’ and (A2)
"= t(1 — ag — Bos) (A3)

T tl—ag—Be)+ (1 —t) (1 — ap— Bs)

Beliefs off-the-equilibrium path must satisfy the consistency condition
as specified in Kreps and Wilson [1982].

To compute if a particular potential equilibrium is sustainable, one
computes consistent beliefs and the expected costs for the indicated
potential equilibrium actions. Then one confirms that costs cannot be
reduced by choosing one of the three pure strategies. If costs cannot be
reduced by choosing one of the three pure strategies, they clearly cannot
be reduced by choosing a mixed strategy.

LEMMA 1. Given the assumptions of the monitor model, any potential
equilibrium in which some of both firm types hire monitors and some of
at least one type claim to be bad cannot be sustained; i.e., B, E, F, G, H,
I,K, L, M, N, W, Z, AA, BB, CC, DD, FF, GG, HH, II, JJ, KK, MM,
NN, OO0, PP, QQ, RR, TT, UU, VV, and WW are not equilibria.

Proof. Given that both firm types hire, g and b are defined by
equations (A1) and (A2) above. Either firm type will send the bad message
only if g = b. Substituting (A1) and (A2) into g < b gives:

2 OlBﬁG - aGﬁB
~ 2apB6 + agap + BaBs’

(A4)

The right-hand side of (A4) is less than or equal to .5 implying z < .5,
which contradicts an assumption of the monitor model. §.E.D.

LEMMA 2. Given the assumptions of the monitor model, any potential
equilibrium in which the good firm mixes between (1) not hiring and (2)
hiring and claiming good and the bad firm picks any action other than
the pure action of not hiring cannot be sustained; i.e., D, K, Y, FF, MM,
TT are not equilibria.

Proof. The good firm mixes between (1) not hiring and (2) hiring and
claiming to be good only if it is indifferent to the payments it makes
under the two actions when it is solvent. The bad firm’s payment when
it does not hire and is solvent is the same as the good firm’s costs when
the good firm does not hire, but the bad firm’s payment when it hires
and is solvent is strictly greater than the good firm’s since, regardless of
the message it sends, it will sometimes get a bad report which consistent
lenders’ beliefs will identify with a truly bad firm. Hence, the bad firm
would not hire a monitor. @.E.D.

LEMMA 3. Given the assumptions of the monitor model, any potential
equilibrium in which the good firm does not hire and the bad firm picks
an action other than the pure action of not hiring cannot be sustained;
ie., C, J, X, EE, LL, SS are not equilibria.
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Proof. Any bad firm hiring, independent of its message, will be
thought to be a bad firm; any bad firm not hiring will be thought to be
good with some positive probability; hence, not hiring is a strictly
preferred action. Q.E.D.

All remaining potential equilibria (A and O through V) are equilibria
of the model for some parameter values. Category A represents pooling
equilibria, one subclass of the hiring-I equilibria. The beliefs g and b can
be computed from equations (Al) and (A2), respectively:

t
Tt+ (1 -0 -2

g and b =0.

Note that n is an off-the-equilibrium-path belief; letting n = 0 (among
other values) satisfies the consistency condition. Clearly, both firm types
strictly prefer claiming good over bad. In addition, if bad prefers or is
indifferent to hiring, good strictly prefers to hire since the bad will
sometimes be revealed as bad when it hires. Bad prefers or is indifferent
to hiring when:

pelQ:(1 — 2) + Q2z](N + K) =< pp@.N. (A5)

After making the appropriate substitutions, the above inequality holds
when:

- N1 - 2)¢(ps — ps) _
T tepet+ (1—2)pp K. (46)

Category V is the partially separating equilibria, the second subclass of
the hiring-I equilibria. In this case g, b, and n are all three computed
from equations (A1), (A2) and (A3), respectively:

_ t
t+ a1l —t)(1 —2)

g b=0, and n=0.

Again, it is clear both firm types prefer claiming good to bad, and the
good firm strictly prefers hiring when the bad firm is indifferent. The
bad firm is indifferent when inequality (A5) holds with equality or, after
making the appropriate substitutions, when:

K= N(1 - 2)t(pc — pB)
t[ps(1 — 2) + pgz] + aps(l — t)(1 — 2)ps’
It is apparent that K and ajp are inversely related; hence, the number of
bad firms hiring decreases as K increases. This equilibrium type exists

for K € (K;, K,) where K, is computed from (A7) with az = 1 and is
defined above in (A6), and K, is computed from (A7) with ag = 0:

K, = N1 - 2)(pc — ps)
? 2pc + (1 — 2)ps

(AT)

(A8)

Category O corresponds to the fully separating equilibria, the third
class of the hiring-I equilibria. Beliefs g and n are computed from (A1)
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and (A3): g =1 and n = 0. Belief b is an off-the-equilibrium-path belief;
b = 0 is a consistent belief. Given these beliefs, good strictly prefers
claiming good. Bad will not want to hire when the inequality in (A5) is
reversed or when K = K,, where K, is defined above in (A8). Good will
want to hire as long as:

(N + K) = Q.N, (A9)
or, after making the appropriate substitutions, as long as:
N(pe —
g <NPo=Pa) _ (A10)

PB

Category Q corresponds to the no-hiring equilibria of the model. From
equation (A3) we get n = t. Beliefs b and g are both off-the-equilibrium-
path beliefs; consistent beliefs are b = 0 and g =0. Given these beliefs,
clearly neither firm would want to hire a monitor.

Finally, P, R, S, T, and U correspond to the hiring-II equilibria of the
monitor model. For R, one can compute:

(1 - ac)t .
Q-ag)t+ Q-1

g=1 and n=

b = 0 is a consistent belief. Given these beliefs, any firm which hires
prefers to say good over bad, and if the good firm is indifferent to hiring,
the bad firm would strictly prefer not to hire. The good firm is indifferent
to hiring when (A9) holds with equality or:

%= 1= 9(ps = ps)N
(1 = ag)tpg + (1 — t)ps’
Clearly, K and og are directly related; hence as K increases more good

firms employ monitors. This equilibrium class exists for K € [K°, K;],
where K° is computed from (A11) with ag= 0:

o = (L= 0(pc = ps)N
tpe + (1 — t)ps
and Kj is computed from (A11) for ag= 1 and is defined in (A10) above.
At S, the equilibria are similar to R except:
"= (1 — Be)t
1-Ba)t+(1-9’
and the bad firm is indifferent to not hiring as opposed to strictly
preferring not to hire as in R. Category U is likewise similar to R except:
(1 — ag — Ba)t
1-—ag—=Ba)t+ (1 -1’

and the bad firm is indifferent to not hiring. For both P and T, an
equilibrium exists only at Ks. Both firm types are indifferent to all three

(A11)

’

b=1,

and g=1,

b=1, n=

and g=1,
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actions, but only good firms hire. Equilibrium beliefs are g = 1, b = 1,
and n = 0; note all beliefs reflect actions taken in equilibrium.

The equilibria described in this proof are essentially unique. While
there are off-the-equilibrium-path beliefs, other than those specified,
which also satisfy the consistency condition, they are part of an equilib-
rium with identical on-the-equilibrium-path strategies and beliefs (and
hence payoffs) to one of the equilibria identified.

COROLLARY 1.2. 36_151 , 86—152 < 0 follow immediately from the defini-
tions of K; and K, (provided in expressions (A6) and (A7) above).

COROLLARY 1.3. From table 1, a bad firm’s expected costs are con-
stant in the partially separating equilibria of the hiring-I class. In this
equilibrium class, bad firms are indifferent to hiring; hence:

pe&y*N = pp[(1 — 2)Q; + 2Q,*](N + K) or

o, &N =207 (N + K)
¢ 1-2)N+ K)

The good firm’s expected costs are thus:

Q*N — 2Q,*(N + K)
(1-2) '

pcQy(N + K) = pg

Clearly this expression is strictly decreasing in K.

COROLLARY 1.4. From the expression for a good firm’s costs in the
hiring-I equilibria, as given in table 1, it is apparent a good firm’s expected
costs are strictly increasing over the interval [0, K;]; from Corollary 1.3
it is apparent expected costs are strictly decreasing over the interval
[K, K]. A good firm’s expected costs for K = 0 are:

1+ nt+1—-t)1 — 2)]

Al2
P e+ (1 - (1 - 2)ps (A12)
A good firm’s expected costs for K = K, (and ap = 0) are:
1+ - -
o r [N N N(1 - 2)(pg pB):I. (A13)
Pc 2pg + (1 — 2)pB

The expression in (A13) is strictly less than the expression in (A12) if
andonlyift — (1 —t)z<0.

COROLLARY 1.5. From table 1 it is clear the bad firm’s expected costs
are smallest in a no-hiring equilibrium. From prior corollaries it is
apparent that the good firm’s expected costs are increasing (decreasing)
on [0, K] ([K., K;]); from table 1 we observe that the expected costs are
increasing on [Kj, K3]. Thus along [0, K°] the good firm’s expected costs
have at most two local maxima, K; (if K; < K°) and K°. For K = K, a
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good firm’s expected costs in the hiring-I equilibrium are:

A+ n[t+ 1 -1 - 2)] [ Nt(1 — 2)(pe — ps)
G

tpe + (1 — t)(1 — 2)ps tzpc + (1 — 2)ps ] (A1)
By comparing expression (A14) to the good firm’s expected costs in the
no-hiring equilibrium, as given in table 1, we see that the good firm is
strictly better off in the hiring-I equilibrium at K; if t < 2 — 1/z. The
inequality t < 2 — 1/z implies z > ¢, and hence K° > K,. For any K > K,,
the good firm’s expected costs in the hiring-I and the hiring-II equilibria
are the same; by definition of K°, therefore, the good firm has the same
costs in the hiring-I equilibrium as in the no-hiring equilibrium for K =
K°. Hence, when t < 2 — 1/z, the good firm is strictly better off in the
hiring-I equilibrium for all K € [0, K°). If t > 2 — 1/z, then the good firm
is better off in the no-hiring equilibrium in some neighborhood of either
K’ or K.

COROLLARY 1.6. From table 1, it is immediately clear that a bad firm
is weakly better off in the no-hiring than in the hiring-II equilibrium
when they coexist. The same holds for the good firm since the good firm
is indifferent to hiring in the hiring-II equilibrium or:

1+r

) e}

Pe (N + K)

1+ r)1 - tag) 1+r
= N = - N.
P Pé o + (1 — t)ps

¢ t(1 — ag)pe + (1 — t)ps

In hiring-II equilibria both good and bad firms are indifferent to hiring
the monitor and paying @,* for the loan and not hiring the monitor. In
all hiring-I equilibria, the good firm hires the monitor and pays at least
Q.*; hence, a good firm is weakly better off in the hiring-II equilibrium.
From table 1 it is evident that the bad firm is better off in the hiring-II
equilibrium than in the hiring-I equilibrium when the hiring-I equilibrium
is partially separating or fully separating. If the hiring-I equilibrium is
pooling, the bad firm hires the monitor and pays more than @,*; hence,
the bad firm is better off in the hiring-II equilibrium.

PROPOSITION 2. The proof is immediate.

PROPOSITION 3. The proof follows the argument in the text.

PROPOSITION 4. The proof proceeds in five steps. In step 1 we derive
the bounds on the auditor’s market alternative separating the two classes
of equilibria. In step 2 we establish the restrictions on the parameters
(conditions (A)-(D)) required to generate the two equilibrium classes.
In step 3 we demonstrate that these conditions can be simultaneously
satisfied for some positive parameter values for all ap € [¢, 1], where € is
arbitrarily small. In step 4 we show K and ajp are inversely related.
Finally, in step 5 we argue the equilibrium is essentially unique among
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the class of effective auditing, extensive litigation equilibria in which all
firms claim to be good.

STEP 1

The bounds on the auditor’s market alternative are given in figure 2
and repeated here for reference:

_NQA =2)t(pe —ps) (A + L)y = t)t(1 — 2)zpc

Ky = tzpe + (1 — 2)ps (1 + r)[tzpg + (1 — 2)ps] (A15)
L= 2)[t+ (1= (1 — 2)ps
(1 + r)ltzpe + (1 — 2)ps]
Ky =NO=2pe—ps) ___ L0 -2y (A16)

zpe+ (1 —2)pg (1 + r)zpe + (1 — 2)ps]’

Note K;’ < K,’ since the first term of K’ is strictly less than the first
term of K,’, the third term of K’ is strictly larger than the second term
of K,’, and the second term of K,’ is positive.

Both K,” and K,’ are computed directly from the following equation
expressing the bad firm’s indifference to hiring:

[2@" + (1 — 2)Q)(N + «) = Q*N, (A17)

where @,* is the perfect observability interest factor for the bad firm,
and @, is the interest factor for a good report in a partially separating
equilibrium. The interest factor €, gives competitive lenders their market
alternative when lenders know they will incur court costs and receive
damage awards:

(1 +7r)(N+«) =(8pc + (1 — g)pp)Qe(N + «)
-L+(1-g)A+ L)y, or

_Q+nNN+) -1 —gyA+L)+L
(N + «)(gpc + (1 — g)ps)

Qs

t
t+ (1 -1 - 2)ag
market alternative when he works, K, plus the discounted value of the
expected damage payment times the probability the auditor gives a bad
firm a good report and the error is discovered by the courts:

g°(1 — g)y(A+ L)
g +r)

where g = , and the audit fee, «, equals the auditor’s

k=K+

(A18)

t . .
where g° = ———— . To compute K;’ let ag = 1 in equation (A17)
t+ (1 - t)()lB

and solve for K; to compute K,’ let agp = 0. Note that equilibria of the
proposition exist only if K, is positive. The following condition, calcu-
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lated from equation (A16), guarantees K’ is strictly positive:
N@1 + r)(pc — ps) > psL. (A19)

STEP 2

Here we demonstrate that the equilibria described by Proposition 4
exist when conditions (A) through (D) (derived below) are satisfied.

Assume @, < @, in equilibrium (to be verified later); by the assumption
that a firm can sue only if it has been damaged, a firm cannot sue its
auditor if he issued a good report. The costs relevant to a firm’s suit
decision when the report is bad are:

Firm’s Suit Decision (given a bad report)

Expected Costs Expected Costs
Firm Type If Go to Court If Do Not Go to Court
Good firm PelyQu(N + K — A) PeQs(N + K)
+ (1 - y)Quw(N + K+ L)]
Bad firm pPeQu(N + K+ L) peQs(N + K)

Any time the court’s findings differ from the report, the firm’s type is
revealed with certainty; hence, @, = @,* (where Q;* is the perfect
observability interest factor corresponding to type j). Suppose in equilib-
rium a lender’s beliefs are such that @, = @,* and @, = @,* (to be verified
as consistent with the equilibrium), then the bad firm would never sue
its auditor. On the other hand, given these values for @y, Qe and @y, the
good firm sues when:

pPelyQs* (N+ K—A) + (1 —y)@* (N + K+ L)] = peQy*(N + K), or

- L(1 - y)@* — y(@* — &*)(N + K)
- yQ* '

Next, consider lenders’ suing choices. If §, < @, lenders face a decision
about suing only when the report is good since courts will only try a case
in which the lender is damaged. However, suing can be conditioned on
bankruptcy. The relevant costs for the lender’s decision are given in the
following chart:

A

(Condition A)

Lender’s Suit Decision (given a good report)

Bankruptcy Costs
Position Expected Awards from Suing If Sue
Bankrupt [ (1 —g)(1 — pg) ] L
A+ L
T=9 —pp) + 80 —pa) TP
Solvent (1 — g)ps YA+ L) L

(1 ~ 8)ps + gpe

The expected awards from suing are the product of (1) the probability
that the firm is bad given that it got a good report and given its financial
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position at the end of the period, (2) the probability that the court will
discover the audit failure, and (3) the legal fees and awards that are paid
when an audit failure is discovered.

By comparing the expected awards from suing when the firm is
bankrupt to the awards when the firm is solvent, as given in the above
chart, it can readily be verified that the expected award when the firm is
bankrupt is larger than the award when it is not. Hence lenders will
always sue when the report is good if:

(1 - gpsy(A+ L) _ L
=L, or
(1 —g)ps + 8pc

Llgps + (1 — g)(1 — y)pB].

A=
(1 - gpsy

(Condition B)

Given that only good firms sue when the report is bad and lenders
always sue when the report is good, consider the auditor’s decisions about
working and reporting. If the auditor’s findings differ from the message
delivered by the firm, the auditor knows the firm’s type with certainty.
In these cases the auditor loses nothing by telling the truth. However,
when the findings agree with the message, the auditor cannot be sure his
findings are correct. The costs relevant to an auditor’s reporting decision
when the message and audit findings coincide are:

Auditor’s Reporting Decision (given lenders sue when the
report is good and good firms sue when the report is bad)

Message and

Findings Expected Costs If Truthful Expected Costs If Lie
Good (1-g90-2yA+L) | w g% (A + L)
—if worke: L+N1-g)1-2)+g  (1-g)l—2)+g°
—if does not work: (1 — g°)y(A + L) g% (A + L)
1+r
Bad b°(1 — 2)y(A + L) (1 -b°)y(A + L)

. w +w
—if works: b°(1 —2) + (1 — b°) (1 + b —2) + (1 = b°)]
—if does not work: b°y(A + L) (1-b%y(A + L)

1+r

Comparing the above costs, it is clear that if g° = (1 — g°) in equilibrium
or:

g°=.5 (Condition C)

and b° = 0 (to be verified), then the auditor is better off reporting his
findings truthfully regardless of his work decision.
Would the auditor want to work hard given that he is truthful? The
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costs relevant to this decision are:

Auditor’s Work Decision (given the auditor is truthful, lenders
sue when the report is good, and good firms sue when the
report is bad)

Expected Costs If
Message Expected Costs If Work Shirk
Good (1-g°(1 —2)y(A+ L) rw (1—g°y(A + L)
1+r 1+r
Bad b’(1—-2)y(A+L)+w b°y(A + L)

For b° = 0, it is clear that the auditor will not work when the message
states the firm is bad. On the other hand, when the message is good, the
auditor works if:

(1-g91 - 2)y(A+ L) + (1—-g°y(A+1L)
w= , OT
1+r 1+r
_ (1 —g)(A+ L)

w = e (Condition D)

Given the above reporting, working, and suing choices, one can show,
in a manner similar to that employed in the proof of Proposition 1, that
the firm’s hiring and message choices listed in Proposition 4 are optimal
for the indicated ranges of auditor’s market alternatives.

Finally, we need to verify that the assumed specifications—@, < Q»,
Qy = Q*, Qu = Qp*, and b° = 0—are consistent with the equilibria. In all
of the equilibrium classes of the proposition @, = @* since only a bad
firm can get a bad report from an auditor who works and reports
truthfully when all firms are claiming to be good. Furthermore, @, < @*,
since in equilibrium all good firms get good reports, and lenders take this
information into account when forming @,. Also, given the equilibrium
systems, both b° and @y, pertain to off-equilibrium events; hence, we can
set b° = 0 and @y, = @,* while meeting the equilibrium conditions as well
as the consistency requirement of sequential equilibrium.

STEP 3

In this step we verify that all four conditions can be simultaneously
satisfied. We proceed by first identifying sufficient conditions for condi-
tions (A)-(D). Since @,* > Q,*, a sufficient condition for condition (A)
is:

LA —y)e* _ L - y)pe
I s

Apgy
L =——,
(1 = y)pe

A

(SC-4)
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Since [gpg + (1 — g)(1 — y)pr] < 1, a sufficient condition for condition
(B) is:

L < Apgy(1 — g). (SC-B)

Note g° = = t for all ap € (0, 1]; hence:

t+ (1 —-2tas
t=.5 (SC-C)

implies condition (C). Finally, since L = 0, a sufficient condition for
condition (D) is:

<Al - 8%y

=—77 (SC-D)

For L = 0 and w = 0, and appropriate values for the other parameters,
it is trivial to show that all four sufficient conditions are satisfied for all
ag € (0, 1]. We wish to verify that, for some L > 0 and w > 0, and
appropriate positive values for the other parameters, all four conditions
can be met for all ag € [¢, 1], where ¢ is arbitrarily small. Note when
ap < 1, the bad firm is indifferent to hiring, or equation (A17) must hold.
When ap changes, another variable must also change to maintain this
indifference; in the proposition choose K to be the compensating variable.

While (SC-A) and (SC-C) set exogenous restrictions on the parame-
ters, both (SC-B) and (SC-D) are endogenously determined since
beliefs g and g° are functions of ap. Condition (SC-C) is readily satisfied.
We note (SC-B) implies (SC-A) since the right-hand side of (SC-B) is
less than the right-hand side of (SC-A). In addition, observing g° =
g - [probability the report is good given a good message sent] and thus
Al —g°) = A(1 — g), satisfaction of (SC-B) for positive L implies that
(SC-D) is satisfied for some positive w. Thus, satisfaction of (SC-B)
guarantees the ability to construct a set of positive parameter values
satisfying (SC-B), (SC-A), and (SC-D). By setting A sufficiently large
it is possible to satisfy (SC-B) for all ag € [¢, 1].

STEP 4

oK
In this step we demonstrate Fy. < 0. Note that step 3 has demon-
(25 ;]

strated that g—K is well defined for ap € [¢, 1] where ¢ depends on the
op
parameters of the problem. Equation (A17) can be rewritten as follows:

21+r[N+K+(A+L)y(1—g)n]
P 1+r
A+r(N+K)-(A+L)yl-g(1-n)+1L
+ (1 -2)
m (Al7a)
1+r
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where:

tp(} + O(B(l - Z)(l - t)pB

m =gpa + (1 = &)ps = t+ ap(l —2)(1 —t) and
n = g_=t+aB(1—Z)(1—t)
g t+ aB(l - t)
From (A17a) we get:
9K
6a |:Qg(N + K)< ) 60[3
+ (A + L) {[ (1= z)(l = ”)]
dag (A20)

"(1"[ (1_2)]6«13}]/
oo+

where:
— - —-n)+ L
QN+ = LHDNTEK) - (A J’rnL>y<1 Hi-m+L_
We can readily verify:
og __ —tl -1 —2)

dap [t +ag(1—t)1 —2)

oam 9

— = (pg —pB)—g <0, and
dap dap

on —zt(1 — t)

=< (.
dag [t + ap(l — t)]?

Finally, since m > pg, the term in braces in (A20) is smaller than:

1 on
(pB){[zn - (1 -2 - n) E ~(1-g E}

_=t(1 = t)2(1 = 2)[t* — (1 — > = 2)as’]
T opslt + ap(1 — )1 — )Pt + as(1 — )’
oK

which is negative for ¢t > .5. Thus, for t > .5, Fy. <0.
(29:]
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STEP 5

By definition of effective auditing and extensive litigation, the auditor
always works and tells the truth, and the lender always sues when the
report is good. Among the equilibria in which all firms claim to be good
and bb and b° are off-the-equilibrium-path beliefs, @y, and b° can take
on values other than @,* and 0, respectively, as long as they do not alter
the equilibrium decisions. Next suppose @y, reflects on-the-equilibrium-
path behavior. As long as all firms claim to be good, @, must equal @,*.
However, if @, = @,*, we know no bad firm would sue, which contradicts
the assumption that @, reflects on-the-equilibrium-path behavior. Lim-
iting firms to claiming good implies b° is always an off-the-equilibrium-
path belief. Hence, on-the-equilibrium-path, the auditor functions as a
monitor who provides useful information, and, as in the proof of Propo-
sition 1, we can show the only possible effective auditing, extensive
litigation equilibria (in which all firms claim to be good) are pooling and
partially separating equilibria.

COROLLARY 4.1. The indifference equation (A17a) can be solved for
K in terms of ap (and the other parameters). Substituting this into the
expression for « in table 2 and differentiating with respect to ag, we get:

F)
= = [(1 = 2)*(1 — t)pst{(A + L)ylzpc

(90[3
+ (1 — 2)ps] = (pc = p)[(1 + r)N + zL]}l/

[(1 + r)[ztpe + (1 — 2)(t + as(1 — t))ps]’].
This derivative is negative under the condition stated in the corollary.

oK d
From step 4 of Proposition 4 we know — < 0, thus Z>o. Similarly
60[3 GK

to the argument in Collary 1.3, the good firm’s expected costs for a
partially separating equilibrium are peQs(N + «) = pg
Qb*N - ZQb*(N + K)
(1-2)

inversely related.

COROLLARY 4.2. At K = 0, the good firm’s expected costs in the
hiring equilibrium are computed by substituting K = 0 into the good
firm’s expected costs in the pooling equilibrium as given in table 2. As K
— K,’, the good firm’s expected costs in the hiring equilibrium approach
the limit:

. Therefore, the good firm’s expected costs and « are

(1 + r)(pg — ps)N — L(1 — 2)ps
zpc + (1 — 2)ps '
The good firm’s costs are lower as K — K, than at K = 0 when:
N1 + r)(1 = 2)(pe — ps)pal(1 — t)z — t]
+ L[t + (1 — )(1 — 2)][zpe + (1 — 2)pglPc
+ (1 = 2)[tpg + (1 — t)(1 — 2)pglps}
> (A + L)y(1 = t)*(1 — 2)z[2pe + (1 = 2)pslPe.

(1+r)N +
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COROLLARY 4.3. At K = K,’, the good firm’s expected costs in the
hiring equilibrium are computed by substituting K, into the good firm’s
expected costs in the pooling equilibrium as given in table 2. For the no-
hiring equilibrium the good firm’s expected costs are:

pg(l + r)N
tpe + (1 — t)pg

The good firm’s expected costs in the hiring equilibrium at K’ are greater
than its costs in the no-hiring equilibrium when:

N1 + r)(pg — pr)t(1 + 2t — 22)
tpe + (1 — t)ps
—(A+L)y(l—-t)1—2)z+ L[t+ (1 —1t)(1—-2)]z>0.

COROLLARY 4.4. First, we establish, for a fixed set of parameters,
effective auditing, extensive litigation equilibria exist and the derivative

0A
Fy is well defined for all ag € (0, 1]. By the argument in Proposition 4,
(29:]

if (SC-B) is satisfied, then we can find strictly positive parameters which
support an effective auditing, extensive litigation equilibrium. In the
range of pooling equilibria, g is constant; hence, by raising A one can
increase A(1 — g). However, increasing A also augments the auditor’s
fee, k, and if A is made sufficiently large, bad firms become indifferent
to hiring. In the range of partially separating equilibria, changing A
affects the number of bad firms hiring, ap, and hence g. Let A(ap)(1 —
g(ap)) represent the value of A(1 — g) as a function of ap. Then:

LEMMA 4. In the range of partially separating equilibria, A(ag)(1 —
g(ag)) is minimized either at ap = 1 or as ap approaches zero.

Proof. Equation (A17) holds when the bad firm is indifferent to
hiring, as in the range of partially separating equilibria. Equation (A17)
can be rewritten as follows:

A(ap)(1 — g(ap)) = {as’[ps(l — )*(1 — 2)[-K(1 + r) — L(1 — 2)]]
+ ap[t(l — ){(1 + r)[N(1 — 2)(pe — ps) — K(zps + 2(1 — 2)ps)]
— L(1 = 2)[zype + (2 = 2)psl}] + [£*{(1 + [N — 2)(pc — Ps)
— K(zpg + (1 — 2)pp)] — L(1 — 2)pgil}/
{ap(t(l — t)2(1 — 2)ypc] + t*2ype). (A17b)

Hence, A(ap)(1 — g(ag)) is a quadratic function of ap divided by a linear
function of ap. Since the coefficient of the as? term in the numerator is
negative and the denominator is positive, the right-hand side of equation
(A17b) can be rewritten as a negatively sloped line plus a hyperbola,
where the hyperbola is:

t{=N(1 + r)(1 — 2)(pc — ps) + L(1 — 2)yps + K(1 + r)z(pc — pp)}
(1 —2)ypeit + ap(l —t)(1 — 2)}
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As the hyperbola is convex for ap € (0, 1], independently of its slope,
A(ap)(1l — g(ap)) is minimized at ag = 1 or as ap approaches zero. Q.E.D.
Evaluating equation (A17b) at ag = 1 gives:

A1 -gQ) =

{Nt(1 + r)(1 — 2)(pc — ps) — K(1 + r)[ztpc + (1 — 2)pz] _
— L(1 = 2)[ps(t + (1 — )(1 — 2)) + pet(1 — t)zyl}/ (AlTc)
{tzypelt + (1 — t)(1 — 2)]}.

As ap approaches zero:

R (1 + r)[zpc + (1 — 2)ps]

At-o 2yPac
(NQ = 2)(ps — ps) _ L(1 — 2)ps _ )
( 2pg + (1 - Z)pB (]_ + r)(sz + (1 _ z)pB) K (A17d)

_ A+ nlzpe + (1 — 2)ppl(K,” — K)
2YPa ’

By selecting appropriate parameter values (in particular small L and
K relative to N), we can make the right-hand side of (A17¢) or (A17d)
arbitrarily large. Hence where A (ag)(1 — g(ap)) attains its minimum, we
can readily construct sets of parameter values which satisfy all four
sufficient conditions. The above results imply that the same sets of
parameter values will satisfy all four sufficient conditions for ag € (0, 1]
andA=A (OlB).

Differentiating equation (A17a) with respect to A and ap gives:

2 [Qg(N+ K)<1 — z) iy L)y{t—” _{d=2izn ”)] %
(90(3 m 6013 m

B dap
PSRN JE A )} 1.2
« g)[pa+ m ]MBH/

[zy(l —gn_ (1-2)y(1-g)(1- n)]

PB m

In step 4 of the proof of Proposition 4, we demonstrated the numerator
of the above expression is negative when ¢ > .5. By making the appro-
priate substitutions, the denominator equals:

y(1 — g)ztpe >0,
pemft + ag(l — t)]
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hence ;—A < 0. From table 2 we observe for K € (K;’, K,’) that the bad

ap
firm’s costs are constant. In the range of partially separating equilibria
the average cost per firm is:

(1 + r){N + K(t + ap(l — t))} + L[t + ap(l — t)(1 — 2)]

which is clearly declining with a;s. Since the bad firm’s costs are constant,
the good firm’s expected costs must be declining with ap.

COROLLARY 4.5. The proof immediately follows from the definition
of the good firm’s expected costs in table 2.

COROLLARY 4.6. When auditing is mandatory, the good firm’s costs
are the same as in the pooling case. Differentiate the good firm’s expected
costs given in table 2 with respect to z:

0EC;
9z

= [pe(1 = ¢) {=(pc — ps)tl(1 + r)(N + K) + L]

+ (A + L)y(1 — t)[(2z — Ditpe — (1 — £)(1 — 2)*psl}l/

[tpe + (1 — £)(1 — 2)ps]”.
It is readily verified that when z — 0 and A is large, the derivative is
positive. Because average costs are unchanged, the bad firm’s expected
costs go down.
PrOPOSITION 5. The suing behavior in this proposition takes place
when (1) the inequality in condition (B) of the proof of Proposition 4 is
reversed (ensuring no suits if the firm is solvent):

Ligpc + (1 — g)(1 — y)ps}
(1 — gpsy

and (2) the following restriction is added (ensuring suits take place when
the firm is bankrupt):

L{g(1 — pg) + (1 — g)(1 — y)(1 — p)}

(1= g)(1 — ps)y '
Clearly, for each ap € (0, 1] (letting K adjust, when ap < 1, so that
equation (A17) is satisfied), there exist A, L, w > 0 such that conditions
(A), (C), and (D) established in the proof of Proposition 4 and (B1) and
(B2) are satisfied.

Essential uniqueness is established in a fashion similar to the proof of
Proposition 4.

PROPOSITION 6. Since the auditor provides no information all firms
have identical preferences over actions. Suppose in equilibrium both firm
types strictly prefer to hire auditors; then they pay the “average” interest
rate, the same interest rate as in the no-hiring equilibrium, in addition
to the audit fee. Next suppose both firm types are indifferent to hiring
in equilibrium. Let P,(P,) reflect the equilibrium probability of solvency
for a firm which hires (does not hire). Since firms are indifferent to

A< (Condition B1)

A >

(Condition B2)
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1+r(N+K 1+r)N
hiring, then ( r);) )=( Pr) , implying P, > P,. Thus,
h n
1+ rN (1+r)N
P, tpg + (1 — t)ps
the last expression is the no-hiring equilibrium costs for any firm given

it is solvent.

P, > tpg + (1 — t)pp > P, implying , where

APPENDIX B
Summary of Notation

General:
N = the dollars required for a firm to begin the project.
R = revenues the firm earns if it completes the project and remains
solvent.
G = the good (low-risk) firm.
B = the bad (high-risk) firm.
D¢ = probability for the good firm of not going bankrupt.
ps = probability for the bad firm of not going bankrupt.
t = the fraction of good firms in the population.
r = the risk-free interest rate.
z = probability that the monitor correctly detects a lie in the firm’s
message.
y = probability that the courts detect an audit failure.
K = the market alternative for the monitor and for the auditor when
he works.
x = equilibrium audit fee in the auditor model.
ap = the fraction of bad firms which hire monitors/auditors.
ag = the fraction of good firms which hire monitors/auditors.
w = auditor’s personal cost of effort.
L = legal fee required to bring a suit.
A = damages paid by a defendant to a plaintiff when the defendant
is found guilty.

Beliefs:

Lenders:

g = prob (firm is good | firm hired an auditor and the report is good).
b = prob (firm is good | firm hired an auditor and the report is bad).
n = prob (firm is good | firm did not hire an auditor).

ij = prob (firm is good|firm got report i, sued its auditor got a j-

ruling),i=B, G;j =B, G.

Auditors:
g° = prob (firm is good | firm’s message was good).

b° = prob (firm is good | firm’s message was bad).

Interest factors (the price of borrowing one dollar):
Q: = interest factor for a firm thought to be good with probability i,

i=b,gn.
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Q,* = the perfect observability interest factor for a good firm; i.e.,
1+r :
pe
Q,* = the perfect observability interest factor for a bad firm; i.e,
1+r

j2

Abbreviations for equilibrium classes:
No-hiring = an equilibrium in which no firm hires an auditor.
Hiring-I = an equilibrium in which all good firms and some bad firms
hire auditors.
Hiring-II = an equilibrium in which some good firms but no bad firms
hire auditors.
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