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Abstract

This thesis contributes to the managerial accounting research
literature. The methodology used is basically analytical modelling. Part |
focuses on voluntary financial accounting disclosure. Following a detailed
survey of the existing literature, an analytical model of an entry game with
continua of types is provided to advance the results of prior research. By ex-
plicitly considering both a potential entrant and potential investors, this model
incorporates two opposing forces that may influence an incumbent’s decision
to disclose or withhold private information. Various equilibria are
characterized and discussed. Part Il of the thesis focuses on firms’ con-
tractual relationships. The analyses extend traditional agency theory analysis
to situations in which complete contracting is costly. Two models related to
incomplete contracting are offered. One model analyzes the influence of
contracting costs on a firm’s contracting strategy in the context of the firm’s
internal transfer of goods and services. The results of this analysis provide
insights and a new basis for the research of the transfer pricing issue. The
second model deals with the incentive issues within organizations. The
analysis focuses on the situations in which verifiable performance measures
are unavailable. In the model, two kinds of incentives, namely, high-powered
and low-powered incentives, are analyzed. We find that contract renewal
based on observable (but non-verifiable information) can provide useful low-
powered incentives in an hierarchical organization in which employees build
up human capital. This may provide useful insights into managerial
accounting system design.
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Chapter 1
INTRODUCTION TO THE THESIS



This thesis contributes to the managerial accounting
research literature. The analysis concentrates on two
important elements of managerial accounting issues: infor-
mation and contracts. The thesis consists of six chap-
ters. This chapter (Chapter 1) serves as an introduction
to the whole thesis. The remaining five chapters are
grouped into two parts.

Part I, which consists of Chapters 2 and 3, focuses
on voluntary financial accounting disclosure. As pointed
out by Feltham [1984], in the process of operating a firm,
management is likely to acquire considerable private
information about the factors thét affect the outcomes of
the firm's activities. Some of that private information
is ultimately revealed by mandatory and voluntary public
feports, and some may be revealed by observed management
actions. To understand the information content of ac-
counting reports and the reporting choices made by man-
agement, we must understand the market forces that create
incentives for management to acquire and then reveal or
disguise private information. Therefore, a firm's behav-
iour in voluntarily disclosing its private information is
an important issue in managerial and financial accounting
research.

Many types of individuals are potentially interested

in management's private information. These include cur-



rent and potential investors, creditors, suppliers,
employees, customers, competitors, and regulators. Man-

agement has a primarily cooperative relationship with

some, but with others the relationship is primarily non-

cooperative. Therefore, both cooperative and non-cooper-

ative game theory provide analyses that are relevant to
understanding management's choices. Furthermore, since
there are many individuals and firms competing for the
economy's resources, analyses that explicitly recognize
the impact of competitive market forces are particularly
relevant.

The analysis in Part I pursues the objectives men-
tioned above. Particularly, we summarize and advance
prior research in this field. Chapter 2 is a detailed
survey of the existing literature. It also serves as an
introduction to Part I. Chapter 3 analyzes a formal model
to extend the results of prior research. Our model
depicts an entry game in which the incumbent is concerned
about both the potential entry of an entrant and the val-
uation of his firm by potential investors, who will supply
capital for his investment in his market. The incumbent
has private information about the profitability of the
product market and he may be uncertain about the set of
beliefs that will induce the entrant to enter his market.

By explicitly considering both a potential entrant and



potential investors, our model incorporates two opposing
forces that may influence an incumbent's decision to
disclose or withhold private information. Various equi-
libria are characterized and their nature is discussed.
our results provide possible explanations for observed
voluntéry disclosure choices made by firms.

Part II, which consists of Chapters 4, 5 and 6,
contributes to our understanding of the role of managerial
accounting in a firm's contractual relationships. The'
main purpose of our analysis is to extend traditional
agency theory analysis to situations in which complete
contracting is costly and, hence, contracts are frequently
incomplete.

The basic concern of agency theory is with the "“con-
trol and information relations" manifested in the search
for the most preferred feasible contract between the
principal and his agent. The agency contract delegates toA
the agent the responsibility to "manage" a portion of the
firm's operations in return for compensation that is
effectively a share of the firm's outcome. Depending on
the sharing rule, the agent's compensation may be a fixed
remuneration or a non-trivial function of the outcome or
other information about his performance (thus, imposing
compensation risk on the agent). The interests of the

principal and the agent are likely to conflict since the



agent is assumed to maximize his own utility, and his
choices may not maximize the principal's net profit.

Thus, demand for information for contracting and monitor-
ing purposes is raised. A managerial accounting system is
designed to supply this information.

Agency theory provides a framework within which the
differences between the objectives of the principal and
the agent are incorporated as an integral part of the
theory. 1In this way, managerial accounting research can
analyze the important motivational aspects of various
traditional accounting issues. Its considerable capacity
for putting management accounting into a broader and more
coherent context, for offering a more rigorous representa-
tion of management accounting concepts, and for clarifying
important analytical as well as behavioral aspects of
management accognting issues, has greatly advanced mana-
gerial accounting research in the last twenty years.

One key feature of the traditional agency theory is
its emphasis on complete contracting. In other words, it
is assumed (either implicitly or explicitly) that con-
tracting costs are trivial. Hence, the results of such
analyses are valid in a perfect world where contracting is
costless, or in cases in which the impact of contracting
costs is trivial relative to transaction gains. H&wever,

the usefulness of these results are limited when we deal

5



with cases in which transaction costs play a crucial role.
In these cases, complete contracting is costly (or imposs-
ible) and, hence, contracts are always incomplete. There-
fore, it is useful to extend agency theory to incorporate
incomplete contracting theory and practice. The analyses
in Part II provide this type of extension.

Chapter 4 is a brief introduction to incomplete
contracting research. Chapter 5 analyzes a model in which
contracting costs are explicitly considered in the context
~of internal transfers of goods and services. Our results
show that contracting costs can have a significant impact
on contracting strategy. Contract efficiency can be more
precisely defined when the contracting costs are explicit-
ly considered. This efficiency is reached through the
maximization of the net trading gain, taking contracting
costs into account. Particularly, when the trading gain
is constant among various contracting strategies, then
this efficiency can be reached by minimizing contracting
costs. Our analysis also provides insights into manager-
ial accounting research by relating our results to the
transfer pricing policies used by firms. This gives
insights into existing transfer pricing practice and
provides a new basis for analyzing a firm's transfer
pricing policies.

Chapter 6 considers another model dealing with incen-



tive issues within organizations where verifiable perform-
ance measures are unavailable. Our model analyzes two
kinds of incentives, high-powered and low-powered (see the
chapters for a detailed explanation). The former can be
observed either in the market or in an organization, while
the latter primarily exist in hierarchica} organizations.
Most employees in a firm are industrious not because they
have contingent contracts, but because the contract
renewal process provides low-powered incentives in long-
term employment relations. Our results may provide
insights into managerial accounting system design.

The common ground of the analyses in this thesis is
how economic agents deal with uncertainties and informa-
tion asymmetries in exchange (of capital, goods, and
services). Information and contracting are two fundamen-
tal aspects of this common problem. They are intimately
connected, and sometimes, difficult to separate. There-
fore, our analyses can be viewed as a theory for trans-

actions from an accountants'! perspective.
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Chapter 2
DISCRETIONARY DISCLOSURE
RESEARCH IN THE 1980s:

A SURVEY



2.1 Intfoduction

The decade of the 1980s represents a period during
which accounting researchers paid more attention to firms'
voluntary accounting disclosure than ever before. This
represents a significant contribution for the following
reasons. First, unless we understand firms' incentives to
withhold their private information, we will not have a
solid base for mandatory accounting disclosure regula-
tions. Firms' voluntary disclosures may reveal all the
information required by these regulations. Second, pre-
dicting managers' behavior in deciding when to withhold or
disclose information can be useful in evaluating the
consequences of alternative mandatory reporting pro-
cedures.

This chapter reviews the advances in this important
accounting research area in the 1ast decade. Our survey
covers a number of published analytical and empirical
papers and also a few unpublished working papers. We
believe this chapter has value for the following reasons.
First, it provides a summary of the main results of the
extant literature. Second, we p;ovide a clear classifica-
tion of all the analytical models. This classification
exhibits the similarities and differences among various
models along several key dimensions. This may assist

future research, particularly, when one attempts to build
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new models. Third, the survey raises some questions about
issues which may stimulate future research.

This chapter is organized as follows. Section 2.2
discusses the key dimensions along which various models
differ. Sections 2.3 to 2.5 summarize two-player, oligop-
olistic, and three-player disclosure models, respectively.
Section 2.6 summarizes a few signalling models that close-
ly relate to disclosure models. Section 2.7 identifies

some related empirical work.

2.2 Key Dimensions of Analytical Models

Analytical models of discretionary information dis-
closure differ along several key dimensions. The differ-
ences mainly result from various assumptions and model
structures. First, models differ as to the number of
players explicitly modelled. The simplest models have
only two players, usually a firm versus its financial
market or its potential rival, or sometimes, a seller
versus a buyer. We shall refer to this group as two-
player models. Recently, a few papers have analyzed more
complicated models with three players -- a firm, a finan-
cial market, and an opponent. We shall refer to these
papers as containing three-player models. There is an-
other set of papers, mostly in the economics literature,

that deal with the same issue in a setting of oligopolis-
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tic games. Most of these papers assume that a finite
number of firms (sometimes only two) compete in a product
market playing Cournot or Bertrand games with asymmetric
information. We shall refer to these papers as containing
oligopolistic models.

The second crucial difference among models results
from differences in assumptions about the cost associated
with information transfer. Typically, there are two dif-
ferent assumptions about this cost. First, some models
assume that the informed player(s) can make verifiaﬁie
announcements regarding his private information, and the
verification cogt is negligible. In other words, it is
possible for the informed playerfto communicate credibly
with the uninformed players at a reasonable cost level.
Second, some models assume that the information possessed
by the informed player is unverifiable, i.e., the verifi-
cation cost is prohibitively high. Hence, truthful infor-
mation transfer through announcements is impossible. The
use of an indirect mechanism, such as a contingent con-
tract or én exogenous costly signal, is necessary to con-
vincingly communicate players' private information to the
uninformed playérs. We refer to a model with the first
assumption as a disclosure model, and to a model with the
second assumption as a signalling model. Since the argu-

ments, techniques, and results in these two kinds of
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models are quite different, we examine them in separate
sections.

The following dimensions mainly relate to disclosure
models, but some of them also apply to signalling models.
Most disclosure papers assume that the manager of the firm
can only make truthful announcements, i.e., they cannot
lie. The motivation not to lie is not explicitly
modelled. The justification for this assumption is based
on the following arguments: (i) the market can costlessly
verify or audit any of manager's claims; (ii) there is a
threat of significant penalties if managers are “caught"
misrepresenting their information; (iii) antitrust law and
SEC regulations prohibit firms from making fraudulent
disclosures; (iv) firms are concerned about their "reputa-
tions". However, although firms cannot lie, they can make
incomplete disclosures. This is the third dimension which
relates to different assumptions about the limitation on
firm's disclosure strategy choices. We define "complete
disclosure"! as a strategy by which a firm discloses all
the information it holds at the moment of disclosure. If

complete disclosure is required, then the manager has only

'some papers call "complete" and "incomplete" dis-
closure as "full" and "partial" disclosure, respectively.
We would like to save these terms for the types of equi-
libria that appear in the subsequent discussion. ’
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two choices: either to tell all he? knows or to keep
silent. 1In contrast, if a manager can make an "incomplete
disclosure", then he can choose to truthfully disclose
either a part of his information or a noisy representation
of that information. For example, when a manager observes
(x,Y), he can disclose either x, y, or u=y+z, where 2z is a
zero mean disturbance.

Fourth, models differ as to the assumed motivation of
the managers. Most papers do not explicitly model manager
incentives. Instead, they typically assume that the man-
ager is exogenously motivated to maximize either the cur-
rent market value of the firm, or its expected end-of-
period cash flows to the initial equity holders (we will
refer to this as the expected payoff). Some models have
included both objectives, either by taking a weighted
average of the two (Miller/Rock [1985]), or by treating
the objective of the manager as private information (Don-
toh [1990]). The reasons for these objectives are typi-
cally not discussed (except in Myers/Majluf [1984]).

Fifth, in those models in which the managers maximize
the firm's expected payoffs, some completely ignore the
capital market to focus entirely on the product market,

usually in a stochastic oligopolistic setting. On the

°In this dissertation, the pronoun "he" represents
either "he" or "she".
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other hand, others assume that the manager must obtain
funds from the capital market and is therefore indirectly
concerned with the firm's current market value.

Sixth, models differ as to whether disclosure can
have a direct impact on the firm's end-of-period cash
flow. Information is termed proprietary if it can have a
direct impact, and non-proprietary if it does not. As Dye
[1985a] points out, the former class includes not only
information whose disclosure could alter a firm's future
operating cash flows due to actions by competitors, but
also information whose disclosure could generate regula-
tory actions, create potential legal liabilities, reduce
consumer demand for its products, induce labour unions or
other suppliers to renegotiate contracts, or cause
revisions in the firm's credit standing. The information
is, in the traditional sense, stfategically valuable. The
non-proprietary information includes information, such as
annual earnings' forecasts, whose release would affect the
prices of the firms' stocks, butlnot the distribution of
the firms' future cash flows. Obviously, the characteriz-
ation is a simplification to ease the analysis. Specifi-
cally, what constitutes non-proprietary information must
be defined in reference to a particular set of expecta-
tions about a particular firm's future earnings.

Seventh, models in which the information is propri-
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etary differ as to how disclosure (or non-disclosure)
impacts on the firm's end—of—period cash flows. In some
models, the impact takes the form of a cost that is
incurred if, and only if, disclosure takes place, indepen-
dent of the information disclosed. Other models assume
that the impact depends on the actions of .an "opponent".
The opponent can be a competitor or potential entrant in
the firm's product market, a labour union, or a regulatory
agency such as those concerned with taxation or utility
rates. The key difference in this dimension is whether
the disclosure cost is exogenously given or endogenously
derived.

Eighth, models differ as to whether managers always
have private information. If there is a positive prob-
ability of "no information", then "non-disclosure" can be
the result of either "no information" or non-disclosure by
an informed manager. This assumes, of course, that the
manager cannot communicate that he lacks information.

Ninth, models differ as to whether the set of poss-
ible brivate signals is binary ("good" versus "bad") or a
continuum. Finally, models differ as to whether managers
voluntarily choose (and commit to) a disclosure policy
prior to receiving their private information, or they
choose to disclose or not disclose their private informa-

tion after they know their information.
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We organize the analytical papers we will summarize
into four sections. Each section contains a table which
exhibits the main characteristics of the models in its
class using the related dimensions discussed above. Sec-
tions 2.3 through 2.5 summarize three groups of disclosure
papers. Section 2.6 summarizes a few related signalling

models.

2.3 Two-Player Disclosure Models
Table 2-1 exhibits the main characteristics of the

papers in this class.

GroSsmén and Hart [1980] is one of the earliest
papers dealing with the voluntary disclosure issue. They
model a seller and a buyer of an item. The seller knows
privately the quality of the item. They assume lying is
illegal and there are no transaction or disclosure costs.
Based on an adverse selection argument, they conclude that
it will always be in the seller's interest to disclose the
quality of the item voluntarily. The only equilibrium for
their model is a full disclosure equilibrium. The intu-
ition underlying this result is that when the seller with-
holds information, the buyer's suspicions about the qual-

ity of the item are so great that they discount its qual-
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ity to the point that the seller is always better served
to disclose what he knows. Such a single threat gives
incentive to the seller to disclose except when his item
has the lowest quality in the market.

Milgrom [1981] includes a persuasion game which is
similar to Grossman/Hart [1980]. The differences follows.
First, Milgrom assumes that the seller's signal may be
multi-dimensional and he may conceal any dimension_of his
signal. Second, Milgrom uses sequential equilibrium con-
cept, which is a more réstrictive‘concept than a Nash
equilibrium. However, since the basic assumptions about
the disclosure cost are the same as Grossman/Hart, Milgrom
reaches the same conclusion that in every sequential equi-
librium, the seller uses a strategy of full disclosure.

Jovanovic [1982], like Grossman/Hart [1980], examines
the disclosure of the quality of an item. The two players
in the model are, again, a seller and a buyer. The ques-
tion investigated is whether the free market offers
sellers enough incentives to disclose information about
the quality of their product. Jovanovic is the first to
consider the impact of an exogenous cost for credibly and
truthfully disclosing information. This cost ensures a
partial disclosure equilibrium with one threshold value.
The paper interprets the model in two ways. In the first,

information and its disclosure yield only private gains --
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they only lead to a redistribution of income among
sellers. 1In the second, information raises welfare
because it results in goods being traded from people who
value them less to people who value them more. The paper
concludes that, whether information is of purely private
value or not, more than the socially optimal amount of
disclosure takes place. Hence, in a world where false
claims cannot occur, the free market offers ample incen-
tives for disclosure.

‘The first paper published in an accounting journal on
this topic is Verrecchia [1983]. A crucial contribution
of this paper is its introduction of an exogenous propri-
etary cost -- the cost associated with disclosing informa-
tion which may be proprietary in nature, and therefore may
be potentially damaging. The existence of this cost
induces uncertainty about the manager's private informa-
tion when information is withheld. Investors are unsure
whether a particular non-disclosure occurs because: (i)
the managers' private information is "bad news"; or (ii)
the information is "good news", but not sufficiently good
news to warrant incurring the proprietary cost. The mar-
ket's inability to unambiguously.interpret non-disclosure
as "bad news" is sufficient to support a partial disclos-
ure equilibrium with one threshold level. Below this

threshold level the manager withholds his private informa-
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tion -- a result consistent with Jovanovic's [1982] find-
ing. Verrecchia also shows that as the proprietary cost
increases, the threshold level of disclosure increases,
i.e., the manager's incentive to withhold information
increases and he discloses less information. This
implies, in turn, that more competition results in less
voluntary disclosure.

Verrecchia [1990] studies the same model as Verrec-
chia [1983] but focuses on how the quality of information
available to a manager affects his incentives to disclose
or withhold that information in the presence of external
parties who have rational expectations about his motiv-
ation. The quality of the manager's information about the
uncertain liquidating value of the risky asset is repre-
sented by the precision of the zero mean normal distrib-
uted random noise. Under the assumption that the market
prices the risky asset at its expected vaiue, the paper
has following conclusions. First, the threshold level of
disclosure decreases as the quality of manager's informa-
tion increases, and increases as the quality of prior
beliefs increases. Second, the probability of disclosure
increases as the manager's information increases, and
falls as the quality of prior beliefs increases. These
results are consistent with Jung/Kwon [1988].

Dye [1985a] offers two different models to support a

20



partial disclosure equilibrium. The first model depends
on the assumption that the market is unsure whether the
manager is endowed with private information. Hence, if a
manager withholds information, the investors cannot dis- .
cern whether he has received information but chosen not to
release it, or he has not received information. Of
course, the manager is assumed to be incapable of making a
‘credible announcement that he has not received new infor-
mation. These assumptions result in a partial disclosure
equilibrium similar to .that of Verrecchia [1983]. The
threshold level of disclosure decreases as the probability
that manager receives information increases. When this
probability approaches one, a full disclosure policy
results.

A technical error in Dye's analysis is corrected by
Jung/Kwon {1988]. The latter reexamines Dye's [1985a]
model with the following amendment. In the absence of
disclosure, they allow outside investors to revise their
belief that managers have received no information, i.e.,
they use posterior probabilities instead of the uncondi-
tional probabilities used in Dye [1985a]. This correction
enables them to resolve the problem of potential multi-
plicity of partial disclosure policies and, thereby,
establish its uniqueness. They also provide two results

in a comparative statics analysis. First, the threshold
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level decreases as the probability that the manager has
received information increases. If one believes this
probability increases as time elapses, then this may
explain why worse news is released later. Secondly, the
threshold value increases as the market's prior belief
becomes worse, in the sense of stochastic dominance.
Hence, if one believes that, prior to information disclos-
ure by the manager, investors independently acquire infor-
mation about the firm's value, then this acquisition may
trigger the release of private information which had
previously been suppressed due to its unfavourableness but
has now become favourable compared to the information that
the market has independently acquired.

The second model in Dye [{1985a] assumes that managers
possess non-proprietary private information and there is a
moral hazard problem between the manager and the firm's
shareholders. Although the disclosure of a manager's
information, by definition, will not alter the firm's
earnings, it may alter the manager's compensation since
the optimal agency contract depends on the firm's stock
price, which will be affected by the firm's disclosure.
Dye analyzes the optimal contracts and finds that
investors and the manager always weakly prefer contracts
which encourage the manager not to disclose his informa—

tion. The adverse effects that disclosure may have on
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both the owners and the manager of a firm result from the
fact that the manager's contract depends on the firm's
stock price. If the manager discloses his information,
then the stock price contains more information about the
firm's earnings, but it may not contain more information
about the manager's actions. In addition, information
that is useful for forecasting net income may be detrimen-
tal for contracting purposes. Therefore, policies which
encourage management disclosure of private information may
produce superior forecasts of the firm's earnings, but
inferior measures of the manager's actions. In summary,
disclosures may exacerbate agency problems between the
manager and the shareholders.

Dye [1985b] focuses on the relation between mandatory
reports and voluntary disclosure. The analysis of this
issue depends critically on the firm's motivation for
choosing among financial reporting techniques. One key
assumption of this paper is that a firm's choice among
reporting requirements is influenced by how that choice
alters its ability to protect its proprietary information.
To endogenize the proprietary cost of the firm's disclos-
ure, Dye models an entry game with two players: a firm and
its rival. The dissemination of the established firm's
operating information will assist rivals in determining

whether to enter the firm's market. If entry occurs, the
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firm's future earnings will be reduced. The analysis of
this entry game shows that, in equilibrium, the estab-
lished firm is better off with more discretion in the
choice of accounting techniques. If voluntary supplemen-
tary disclosures are considered, the firm is always weakly
better off with less detailed reporting requirements. Dye
concludes that, by imposing more detailed reporting re-
quirements, accounting boards do not necessarily increase
investors' knowledge of the firms' future earnings pros-
pects. This result can occur for either of two reasons.
First, mandatory and voluntary disclosures are sometimes
substitutes, so that the "amount" of information produced
by "more detailed" mandatory reports may be offset by a
reduction in voluntary disclosures. Second, firms may be
able to reveal information by their choice among account-
ing techniques, so that the mandatory use of a "more
detailed", but uniform, accounting procedure may remove
this potential source of information. Dye also provides
conditions under which more detailed reporting require-
ments increase the amount of information publicly revealed
about firms.

Dye [1986] analyzes disclosure policies adopted by
managers endowed with both proprietary and non-proprietary
information. This model explains selective disclosure of

managerial information and the effects of changes in fi-
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nancial reporting requirements on firms' voluntary dis-
closure policies. It establishes that increasing manda-
tory reporting requirements can increase the incentives
for voluntary disclosure. To derive this result, Dye
assumes the manager observes non-proprietary signal x and
proprietary signal y. Disclosure of y incurs cost c.
Disclosure of x alone, although it is non-proprietary,
still incurs cost ¢ since it may reveal something about y.
Under this cost structure, the optimal strategy of the
manager has the following characteristics. First, with
positive probability, the non-proprietary information is
not disclosed. Second, a policy of absolutely no disclos-
ure is typically not credible except where c and ¢ are
sufficiently large. Third, for each realization of x, no
disclosure is preferred to full disclosure for a y that is
less than some threshold value. The reverse is true for
other values of y. Fourth, good news is more likely to be
disclosed or partially disclosed than bad news. Finally,
the payoffs of no, partial, and full disclosure policies
depend on the value of (x,y). It is possible for each of
these policies to be optimal. The intuition for these
results is that disclosure of non-proprietary information
may partially reveal manager's proprietary information.
Hence, disclosure of good news may assuage investors!'

concerns regarding the firm's future earnings prospects
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while, at the same time, worsening these prospects by

divulging proprietary information.

Summary of Two-Player Models

One obvious merit of a two-player model is its sim-
plicity. By focusing on one dimension of the relation
between the firm and its environment, the analyses of
thesé models derive relatively simple disclosure strat-
egies. Most of the papers in this group consider a game
played by a firm and its investoré. Both the manager and
the investors of the firm are assumed to be rational.
Under various pre-specified rules, the equilibrium of the
game induces different disclosure strategies. The models
we summarized in this section have shown that a firm's
disclosure strategy may be influenced by various factors
such as the market perception about the firm's private
information, the costs incurred in information release,
the quality of manager's private information, the manag-
er's incentive contract, and alternative communication
channels. Depending on the combination of factors con-
sidered in the model, the firm may choose full, partial,
or non-disclosure strategies. A partial disclosure equi-
librium derived in these models usually consists of a
single threshold level. The manager discloses his private

signal if it is above this level, and withholds if it is
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below. In the extreme cases, the threshold level goes to
infinity, either positive or negative,‘resulting in a full
or non-disclosure equilibrium, respectively. The key
element in deriving a partial disclosure equilibrium is
the market's inability to infer manager's private informa-
tion precisely when the manager does not disclose.

We can view a two-player model as a partial analysis
of the entire problem. While this is an important step in
obtaining a more complete understanding of the whole prob-
lem, a firm's environment is likely to be so complex that
its management will face multi-dimensional influences.

The manager's decisions must involve tradeoffs among the
various considerations. Hence, a simple two-player model
is not sufficient to obtain a full picture of the disclos-
ure problem and, thus, more complicated models are

required in further research.

2.4 Oligopolistic Models

Table 2~-2 exhibits the main characteristics of the
papers summarized in this section. The table shows that
there is a significant distinction between the models in
this group and those in the last section. That is, almost
all the oligopolistic models deal w%@h voluntary disclos-
ure policy instead of voluntary signal disclosure. Hence,

in this section, the central question is whether firms

27



have incentive to commit to a policy to pool their private
information, i.e., to commit to disclosing their informa-
tion.

The strong assumption that firms can commit to a
disclosure policy through a commitment mechanism such as a
trade association or mandated disclosure rules (enforced
by auditors) is made by all papers in this category. For
example, Kirby [1988] and others have suggested that trade
associations may be a mechanism for committing to a given
level of disclosure (although this does not preclude
additional voluntary disclosure). Feltham/Gigler/Hughes
[1990] examine line-of-business réporting and assume that
one commits to a given level of audited information
through "consistency" of reporting practice by the firm,
and assume that voluntary disclosure is not credible. The
viability of this assumption is an open question. For
example, Darrough [1990] comments that even if firms
prefer to commit ex ante to pooling information, their
preferences regarding the disclosure of their information
after they receive their signal may differ. The firms
which receive unfavourable signals might attempt to add as
much noise as possible if there is any room for choosing
the level of information detail (i.e., the degree of
aggregation). These firms may fail to comply with their

commitment, and it may be costly to monitor and to penal-
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ize firms for such opportunistic behaviour.

Novshek/Sonnenschein [1982] is one of the earliest
papers that deal with information acquisition and release
in a competitive market. They assume a linear demand
function in a Cournot duopoly model. There is uncertainty
about the value of the quantity intercept. Firm i inde-
pendently acquires n; information signals and allows-mi'of
these signals to be used in a common pool to be made
"available " to both firms. Under the notion of fulfilled
expectations (or Bayesian Nash equilibrium), they show
that the equilibrium expected profit for firm i is: (i)
increasing in n;; (ii) increasing in n; when there is some
pooling but unaffected by m; if there is no pooling;

(iii) decreasing in m; if firm j retains some private in-
formation, but unaffected by m; if firm j places all of
its information in the common pool (m;=n;) ; (iv) increas-
ing in m; if n;>n; or 2m;>n;-n;. The last conclusion can be
interpreted as a situation in which the opposing firm
controls more information, or inlwhich the firm's contri-
bution to the pool is relatively large. In addition, they
conclude that if firms can contract to pool information,
then, when n;=n,, no pooling and full pooling are weakly

undominated. When n, and n, are not equal, both of the
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above equilibria are again undominated. Full pooling
leads to the highest total profit, but no pooling leads to
the highest profit for the firm with "control" over more
observations.

Clarke [1983] investigates the incentives for firms
to share private information about cost or demand in a
stochastic market. For a n-firm oligopolistic model, the
paper shows that in a full Bayes-Cournot equilibrium,
there is no mutual incentive for all firms in an industry
to share information. However, if cooperative quantity
setting is possible, then there is always an incentive to
share -- as long as a suitable pfofit distribution can be
negotiated among the conspirators. Technically, Clarke
assumes uncertain market variables may be parameterized by
normal distributions so that the precise conditional
expectations that characterize the equilibrium can be
explicitly computed.

Vives [1984] analyzes two types of duopoly informa-
tion equilibria, Cournot and Bertrand. He allows the
incentives for information sharing and its welfare conse-
quences to depend on the type of competition, the nature
of the goods (substitutes or complements), and the degree
of product differentiation. The uncertainty comes from an
unknown cbmmon.price intercept of a linear demand func-

tion. Firm i's signal s; is an independent and unbiased
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estimate of the intercept. If there is no sharing of
private signals, then the firms have independent informa-
tion. On the other hand, they have correlated information
if they pool their signals. The paper focuses on self-
enforcing pooling agreements. In the first stage of a
two-stage géme, firms commit their disclosure policies to
an agency prior to the market data collection. At the
second\stage market research is conducted, the agency
sends the pooled signals to the firms, and a Bayesian game
is played. It shows that the two-stage game has a unique
subgame perfect equilibrium in dominant strategies at the
first stage. With substitutes it involves no pooling of
information in Cournot competition and complete pooling in
Bertrand competition. With complements the results
reverse. The intuition behind tﬁese results follows.

When the goods are substitutes with Cournot competition,
an increase in the precision of the rival's information
and an increase in the correlation of the signals have
adverse effects on the expected profit of the firm.
Therefore, not to share any information is a dominant
strategy. On the other hand, in Bertrand competition the
two factors mentioned above have positive effects on the
expected profit of the firm. Hence, to put everything in
the common pool is a dominant strategy. When the goods

are complements all above arguments are reversed.
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Fried [1984] examines the nature of the equilibrium
solution to the duopoly problem under various incomplete
information structures and incentives for information
production and disclosure. The paper focuses on the game
in.which duopolists face the choice of making their cost
functions known to their opponents. At the first stage of
a two-stage game, firms make information production and
disclosure decisions which are assumed to be enforceable
and known. At the second stage, firms make quantity out-
put decisions based upon the information available to fhem
as a consequence of the first stage decision. The results
of the analysis are: (i) that it will be in the best
interest of each duopolist to produce information about
himself; (ii) that both firms are better off when they
disclose as opﬁosed to the case where only one of them or
neither of theﬁ discloses; (iii) that a firm is better off
disclosing even if the competitor does not reciprocate;
(iv) that if one firm cannot obtain its own cost function,
the other firm might be better off disclosing his own cost
function; (v) that in an environment that does not permit
disclosure, one firm might be better off if the other firm
goes ahead and produces information. These results can be
explained by decomposing the infprmation disclosed into
two components: "firm-specific" and "common" cost infor-

mation. Once the firms know their own cost functions, the
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only information left to disclose is "firm-specific".
Thus the effect of any disclosure will be confined to a
"collusive" one, since its sole purpose will be to allow
the opponents to make the necessary and mutually benefi-
cial "counter" adjustments. Thus, even unilateral dis-
closure would be in the best interest of the duopolist.
Li [1985] studies the incentives for information
sharing among firms in an oligopolistic industry. The
uncertainty is about either the demand function or tﬁe'
individual cost functions. The paper assumes that the
private information that firms receive has equal accuracy
and obeys a linear conditional expectation property.
Different uncertainties, as mentioned above, are studied
separately in two models that are all two-stage games.
Similar to those in Vives [1984] and Fried [1984]. The
paper derives pure-strategy Nash equilibria which are
subgame-perfect under a symmetric information structure
where firms receive private signals with equal precision.
The results show that there is a systematic difference
between the incentives to share éommon demand and private
cost information. No information sharing is the unique
equilibrium when an oligopolist faces stochastic demand
that is common to all the firms. Conversely, complete
information sharing is the unique equilibrium when the

private costs are uncertain. These differences are due to
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the distinct nature of the information: whether it has
“private" value or "common" value. Knowledge of the
demand has "common" value, while knowledge of the costs
has "private" value.

Gal-Or [1985] addresses the same issue as the other
papers summarized above. Her model is very similar to
Novshek/Sonnenschein [1982] and Clarke [1983]. The prin-
cipal novelty of this paper is that (i) competitors have
available a continuum of incomplete revelation strategies,
similar to Li [1985], and (ii) various degrees of initial
correlation among private signals are allowed and are the
focus of this analysis. The conclusion is that in an
oligopoly where firms observe signals about linear sto-
chastic demand, private information is never revealed if
firms behave as Nash competitors in setting output levels.
This result is derived regérdless of the degree of initial
correlation among signals. This implies that no informa-
tion sharing is the unique equilibrium regardless of
whether firms can make inferences about the signals
observed by others.

Gal-Or [1986] pursues the éame objective as Vives
[1984], i.e., to examine how incentives for two duopolists
to share information hornestly depends on the nature of
competition (Cournot or Bertrand), and the information

structure. However, in Gal-Or [1986] the uncertainty is
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about unknown private costs. The analysis of Cournot
equilibria is similar to Fried [1984], but the analysis of
Bertrand equilibria shows that when the information is
about unknown costs, firms have no incentives to pool
information. With unknown private costs, the paper shows
that sharing is a dominant strategy with Cournot competi-
tion, and concealing is a dominant strategy with Bertrand
competition. The intuition behind the results is that the
pooling of private information about unknown costs has two
effects on the firm. On the one hand, more accurate in-
formation about the rival's cost is available, and the
strategies can be more accurately chosen so that the firm
and its competitor's likelihood of mistakenly over-produc-
ing or under-producing is reduced. This has an unambigu-
ous positive effect on the payoff of the firm. On the
other hand, the pooling of the information reduces the
correlation among the decision rules to expand or contract
output. This may have a positive or negative effect
depending upon the slope of the reaction functions of the
firms. If they are downward sloping (Cournot competition)
reduced correlation has a positive effect, and if they are
upward sloping (Bertrand competition) reduced correlation
has a negative effect.

Gal-Or [1986] extends Fried [1984]'s result to the

situations in which each duopolist observes its own costs
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with noise and may send noisy signals to its rival. One
key assumption of the paper is that firms must commit
themselves to a fixed amount of garbling prior to learning
their signals. That is, firms are allowed to reveal their
private information incompletely (partially) but the accu-
racy must be reported ex ante. Hence, it is crucial that
the transmission of the information is conducted by an
"outside agency". The results of this and prior papers
imply that an industry will have incentive to creaté an
"association" that collects and publicizes information
depending on the nature of competition in the industry and
the nature of the information structure. If firms compete
in quantity the "association" will collect and publicize‘
information about a parameter of the model that is differ-
ent for each firm. If they compete in price it will col-
lect and publicize information about a parameter of the
model that is common to all firms.

Shapiro [1986] independently and concurfently studies
the same issue as Fried [1984] and Gal-Or [1986], which
deal with the case of private information about costs.
Shapiro analfzes oligopoly information exchange and firms'
decisions to join a trade association that exchanges the
cost information. His model includes the case of positive
correlation between the firms' realized costs. In addi-

tion, it provides a complete analysis of the welfare
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effects of information exchange. As in all other papers
in this category, it assumes that the firms can verify
each other's reports, and firms can commit to the disclos-
ure policy chosen before the arrival of private informa-
tion. Technically, it assumes a linear demand function, a
linearity property for the conditional expectations, and
identical distribution of costs. The results can be sum-
marized as follows. The oligopolists all prefer an indus-
try wide cost sharing agreement to no cost sharing, and
strictly so if the correlation coefficient is strictly
less than one. Such a cost sharing agreement also raises
expected welfare, but it reduces expected consumer sur-
plus. These conclusions hold in both symmetric and asym-
metric situations. The paper also shows that complete
information sharing is the unique coalitional outcome in
the core of the membership game, where the firms correctly
anticipate the expected profits they will earn for any
given pattern of information exchange.

Kirby [1988] reexamines Clarke's [1983] Cournot
oligopolistic model but uses a quadratic cost function.
In coﬁtrast to much of the theoretical work on the incen-
tives of Cournot oligopolists not to share information
about market demand, she shows that firms may be better
off sharing information than keeping it private. Further-

more, she shows that sharing information may constitute a
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Nash equilibrium and always improves expected consumer
surplus. The information-sharing arrangements examined in
this paper are different from Novshek/Sonnenschein [1982],
Gal-Or [1985], and Li [1985], where firms independently
select the amount of their private information to be
shared, and yet all receive the resulting aggregate.

Kirby assumes the same rule as in Clarke [1983], where the
trade association gathers the private signals of individ-
ual firms, aggregates the signals, and then disseminates
the aggregate signai to each of the participating firms.
The key result is that the benefit from sharing informa-
tion depends upon the shape of the cost function. If the
quadratic cost coefficient d is sufficiently large, i.e.,
the cost function is sufficiently convex, then information
sharing is Pareto preferred to a setting of private infor-
mation and forms a Nash equilibrium. The intuition is that
as d increases, marginal cost also increases, and "“errors"
in production become very costly. Hence, the value from
sharing information increases.

Dontoh [1990] models a (n+l)-firm oligopoly in which
one of these firms is endowed with private information
about the stochastic demand parameter. The informed fir-
m's incentive to disclose information depends upon its
manager's objectives; there are:two types of firms; both

of which are consistent with the value maximization cri-
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terion. Type A firms maximize current market value, while
type B firms maximize end-of-period payoff with no concern
for how they are valued by market currently. The model
assumes a firm's type is private information, i.e., the
market cannot identify whether a firm is type A or type B.
If an informed firm is type A, then it has incentive to
disclose good news but withhold bad news. For an informed
type B firm, the disclosure behavior is reversed, i.e., it
discloses bad news but withholds good news. Since the
market cannot identify a firm's type, when the information
is withheld, the market is also incapable of unambiguously
inferring whether the information is good or bad news.
This, as in Verrecchia [1983] and Dye [1985a], is suffi-
cient to support a partial equilibrium. It is noteworthy
that in this model, a firm's type has no influence either
on any uninformed firm's étrategy in the first stage of
the game, or on all firms' output decision in the second
stage.

Hughes/Kao [1990] study the equilibria that emerge
under different disclosure regimes, thereby leading to
predictions of how outputs, profits and levels of invest-
ment in R&D vary across those regimes. In their model,
R&D is defined as an activity which results in an uncer-
tain reduction in the marginal costs of producing a con-

sumption good. The actual marginal costs are directly
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observable only to the firm. They investigate the nature
of oligopolistic equilibria when firms publicly report
both R&D spending and the realization of their marginal
costs, compared with the benchmark regime in which firms
report R&D spending only. In the symmetric case where
firms are identical prior to marginal cost realizations,
they find that if managers are risk neutral, then the
equilibrium expected profit is higher under full disclos-
ure than under partial disclosure. However, equilibrium
levels of R&D spending are the same under both regimes;
If managers are risk averse and their compensation is
proportional to profits, then the equilibrium levels of
R&D spending are greater under the benchmark regime than
under full disclosure. This is because the risk under
full disclosure can only be ameliorated by reducing R&D,
whereas under partial disclosure the output decisions also
afford an opportunity for risk reduction. Introducing
asymmetries in cost uncertainty and the risk preferences
of firm managers modify the results described above, but
not in a major way. Given risk neutrality, the levels of
equilibrium R&D spending are unaffected by an asymmetry in
" cost uncertainty, and are ordered similarly across dis-
closure regimes under both symmetric and asymmetric risk
preferences. Furthermore, under the benchmark regime, a

firm with a risk neutral manager enjoys an advantage over
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a firm with a risk averse manager. The paper does not
consider welfare issues, nor the efficiency of R&D deci-
sions.

Darrough [1990] analyzes the incentives of firms in a
duopoly market to disclose private information, and exam-
ines hoﬁ disclosure incentives are influenced by the
nature of competition and private information. Both
‘Cournot and Bertrand competition are investigated when
firms receive private information either on demand or on
costs. The first part of the paper unifies the extant
results in the prior literature about the incentive to
disclose voluntarily in an ex ante sense: firms select a
disclosure policy before they receive a signal on the
uncertainty parameter. The second part considers whether
firms have incentives to disclose their private signals
voluntarily after they receive these signals. In this ex
post case, firms are endowed with private information
before they make disclosure decisions. By combining these
two parts, the paper interprets how market structures
affect voluntary disclosure incentives. It also offers
predictions about the type of equilibria that prevail in
different market settings. The results of part 1 and 2
are best shown in Tables 2-3(1) and 2-3(2), which are

quoted from the paper.
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Based on the results mentioned above, in Bertrand competi-
tion with demand uncertainty and Cournot competition with
cost uncertainty, firms would be willing to commit ex ante
to the most accurate disclosure. They might elect to do
so by way of trade associations or by committing to a
mandated disclosure policy. Ex post, those firms with
unfavourable signals find themselves with "bad luck". Had
they known the realization, they would have acted differ-
ently. If firms»do not ex ante commit to a disclosure
policy, they try to hide unfavourable signals. However,
their effort will likely be futile because a rational
market will interp:et the signal of "No disclosure" as one
with unfavourable neWs, thereby starting the unravelling
process. On the other hand, if the ex ante consensus is
no disclosure, those firms with favorable signals may try
to "signal" their information through other means of
voluntary disclosure. Whether perfect revelation ensues
depends upon what additional factors are considered in the

model.

Summary of Oligogolistic.Models

This class of papers focuses on the incentives for

firms to disclose private information in a competitive.
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environment. All the papers assume the information can be
costlessly verified if disclosed. The models usually are
a n-firm oligopoly or its simplification -- a two-firm
duopoly. Manager's objective is always to maximize the
expected profit of his firm. The incentives used to
induce managers to pursue this objective are usually not
considered. Most papers determine an optimal voluntary
disclosure policy, i.e., firms can commit ex ante to their
information sharing strategy before they observe their
signals. Almost all models have continuous signal vari-
ables. The results show that the incentives to pool
information depend on many factors. The most important
ones are: the competitive environment (Cournot or Ber-
trand), the type of uncertainty (demand or cost), the
nature of the products (substitutes or complements), and
the form of the cost functions (linear or quadratic). The
optimal information sharing policies may induce full shar-
ing, no sharing, or pértial sharing. The intuitipn behind
the results is the twofold influence of information pool-
ing on firms' profits. On the one hand, more accurate
information about the rival is available, and the strat-
egies can be more accurately chosen so that the likelihood
that some firms under-produce or over-produce can be
reduced. On the other hand, the pooling of information

may increase or reduce the correlation among the decision
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rules about the production quantities. The latter may
have positive or negative effects on firms' profits de-
pending on the various factors described above.

Most oligopoly disclosure models consider only a
single relation between a firm and its environment: compe-
tition in the product market. Such a model can be viewed
as essentially a two-player model in which the rivals in
the product market replace the investors in the financial
market as the second player. The analysis of these ﬁodels
provide important contributions to our understanding of
disclosure choice, but the contribution is at best a
partial analysis of the larger problem with a diverse set
of players.

Many topics in this area have not been exploited.

For instance, most papers assume a linear cost function to
enhance the tractability. However, as Kirby [1988] shows
in her model, a quadratic cost function may reverse all
the results derived from a lineaf cost function model if
other elements of the model are not changed. Whether this
is true in other models is still an open question. Also,
most papers assume firms can commit to their strategies ex
ante. As pointed by Darrough [1990], the ability of an
oligopoly to enforce such commitment is doubtful. For
example, if a firm commits ex ante to a non-disclosure

policy, but ex post the firm receives a signal which it

44



would like to disclose, there is little an association can
do to prohibit the firm from voluntarily disclosing its
information by some indirect means. Hence, it is import-
ant to consider both ex ante and ex post incentives. The
research in this aspect of disclosure choice has just

started.

2.5 Three-Player Disclosure Models

Table 2-4 presents the main characteristics of the
papers summarized in this section. As indicated by thé
title of this section, the models in this group consider

games in which three players interact with each other.

Bhattacharya/Ritter [1983]‘is the first paper to
consider the behavior of an informed firm facing conflict-
ing effects of its private information release. An asym-
metrically informed agent is motivated to communicate its
privately known "good news" to the financial market but
can do so only through channels or signals which directly
convey information to competing agents. The private
information is valuable in the research of both the
informed firm and its competitors. Hence, the informed
firm faces a tradeoff between (i) reducing the value of

its informational advantage, and (ii) obtaining capital at
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terms that reflect good news about its innovation pros-
pects, thus lowering the ownership dilution suffered by
the existing owners of the "research technology". 1In this
way, the model connects the influence of information
release on product market competition with its influence
on financial market valuation. The proprietary cost of
disclosure is, therefore, endogenized in the model. There
are N firms engaged in an R&D "race" for a patentable
invention, which has known private value V. This vaiue
accrues only to the first firm to succeed. Since all
uninformed entrants can be viewed as one opponent of the
informed firm, the whole game can be viewed as having
three players, with the financial market as the third

player.3

The model allows the informed firm to decide
the disclosure level after the firm receives its private
information. Hence, the model ié a typical voluntary
signal incomplete disclosure setting. The cost of dis-
closure is endogenously determined by the number of
entrants, which is a function of the private information

and its disclosure level. All firms must obtain capital

from the capital market through equity issues. Other

3The market in this model is not a fully active player
in the game in that it does not play strategically.
Instead, the market is quite passive and is only modelled to
the extent of considering how it forms beliefs about the
firm's cash flows. This point is common to all papers in
this class, including the model in Chapter 3.
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financial means are not considered. Disclosure by the
informed firm affects the terms at which it can obtain
capital. In making its disclosure decision, the informed
firm also considers the adverse affect that the disclosure
has on its conjectured intrinsic value. This value repre-
sents its belief regarding the discounted expected value
of its invention payoff as a function of its disclosure,
taking the impact of such disclosure on the number and
testing rate of its competitors into account. The eéui—
librium provides partial disclosure, with the charactefis-
tic that the proportion of private knowledge disclosed
declines as the private knowledge increases.
Lanen/Verrecchia [1987] analyze how the use of man-
agement accounting information to make operating decisions
can imprecisely communicate that information when direct
(precise) disclosure is costly. Their model consists of
three players: the owner of a firm, the supplier of the
technology, and'an external party who potentially evalu-
ates the firm's prospects.* Their analysis focuses on
the owner's tradeoff between an efficient operating deci-

sion and the disclosure of proprietary information.

“The role of the supplier is not explicitly modelled.
The supplier merely serves as a player to whom the owner can
commit to a replacement standard, which 1is an important
determinant in the way in which the retentlon—replacement
decision is viewed by external investors.
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Specifically, they consider how proprietary data, that is
generated by the firm's internal accounting system in
making a production decision, are imperfectly inferred by
outsiders who observe the outcome of the decision process.
They identify conditions under which optimal management
decision making is altered by the existence of this poten-
tial indirect communication alternative to disclosure.
This implies that when operating decisions depend on
private information, the operating decision made may.
deviate from the efficient decision from an outsider's
perspective. Thus, their analysis offers one rationale
for firms pursuing policies such as retaining managers of
below-average coﬁpetence or obsolete technologies. When
the role of the replacement decision as a communication
mechanism is considered, these policies may in fact be
optimal.

Darrough/Stoughton [1990] ié a three-player model
about an entry game. The basic idea of the model is
similar to Bhattacharya/Ritter [1983]. The difference is
that in the current paper, the opponent is a potential
entrant. The informed firm trades off between the bene-
fits and costs of the disclosure. The benefits of dis-
closing good news come from a hiéher financial market
evaluation. The proprietary cost is due to the fact that

the disclosure could compromise the incumbent's competi-
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tive position by providing strategic information to poten-
tial competitors. The game modelled consists of two
stages. At the first stage, the incumbent firm, as a
monopolist in its industr&, raises k units of capital from
the financial market by selling a portion of the firm.

The terms of financing are influenced by the disclosure
strategy, and the potential entrant's decision. If entry
takes place, the second stage is a duopoly game. Other-
wise, the incumbent is still in its monopoly positioh.'
The private signal is binary, i.e., good news versus béd
news. Under a condition which amounts to entry deterrence
being more important than financial valuation, they have
identified three equilibria of their disclosure-entry
game: (i) a disclosure equilibrium in which the incumbent
discloses both good and bad news, which occurs when the
prior belief is optimistic or the entry cost is relatively
low; (ii) a non-disclosure equilibrium in which the incum-
bent discloses no information, thch occurs when the prior
belief is relatively pessimistic or the entry cost is
relatively high; and (iii) a partial disclosure equilib-
rium in which only unfavourable bad news is disclosed. An
implication of the model is that competition, through
threat of entry, encourageé voluntary disclosure -- a
result that differs from Vérrecchia's [1983] conclusion.

This is because Darrough/Stoughton deal with pre-entry
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competition. 1In their setting, when entry costs are low,
entry is more likely to occur so thét the motive for entry
deterrence becomes dominant for an incumbent with good
news. This will result in a full disclosure equilibrium.
While Verrecchia [1983] deals with post-entry competition,
and disclosure always serves to reduce the informed firm's
competitive advantage. Thus, stronger competition wiil
result in less voluntary disclosure.

Wagenhofer [1990] analyzes a model similar to Déré
rough/Stoughton [1990] but with a continuum of private
signals. Knowledge of this signal is valuable to both the
financial market and an opponent. The opponent decides to
take a beneficial action only if the signal is sufficient-
ly favourable. This action imposes proprietary costs on
the disclosing firm. The firm does not raise capital from
the capital market, but is assumed to maximize its c¢current
market price. With an additional assumption that the
firm's market price is equal to the value of the signal,
the paper derives the following equilibrium results: (i) a
sequential equilibrium with full disclosure always exists;
(ii) a partial disclosure equilibrium with two non-dis-
closure intervals may exist; and (iii) full non-disclosure
is never a part of a sequential equilibrium. In addition,
the paper points out that multiple equilibria may exist.

Chapter 3 of this dissertation pursues the same topic
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as the other papers in this category.’ The basic model
is very similar to Wagenhofer [1990] except that in the
latter model the incumbent requires no funds from the
capital market and the manager seeks to maximize the
current market value of the firm, while in the former
model the amount of capital raised from the capital market
is an important parameter and the manager seeks to maxi-
mize the expected end-of-period payoff. A key feature
that distinguishes the analysis in Chapter 3 from other
disclosure papers is that it introduces private entrant
information. That is, the model in Chapter 3 allows for
the possibility that the incumbent may not know the en-
trant's break-even point and, therefore, does not know
what beliefs will induce the entrant to enter. The major
impact of this change is to eliminate equilibria in which
the incumbent firm partially discloses his information and
the entrant plays a mixed strategy. In the model in which
the entrant has private information, the entrant plays a
pure strategy, whether the incumbent discloses his private
information or not.

The model in Chapter 3 expresses both the monopo-
list's and the duopolists' profits as linear functions of

the incumbent's information. However, it also demon-

The analysis in Chapter 3 is a more extensive pres-
entation of the analysis contained in Feltham/Xie {1991].
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strates that this is consistent with standard duopoly
models in which firms have quadratic profit functions.

The distributions used to describe the incumbent's infor-
mation and the entrant's break-even point are quite gen-
eral, but the paper focuses on two extreme cases: common
knowledge versus a uniform distribution about the en-
trant's break-even point. Based on these assumptions, the
analysis explicitly solves for all possible equilibria.
The results show that partial disclosure eqﬁilibria exist
when the firm has a relatively balanced concern for the
responses of both markets. The most interesting aspect of
their results is that there are two possible partial
disclosure equilibria. PD-L equilibria are characterized
by a capital market in which the non-disclosure firms have
a lower market value than all disclosure firms. PD-H
equilibria, on the other hand, are characterized by a
capital market in which some disclosure firms have lower
market values than the non-disclosure firms. Since the
equilibria apply on a firm—by-fi?m basis, this result
implies that, in equilibrium, we.would expect to observe
firms that choose to withhold information even though its
release would increase their market value, while other
firms disclose information even though withholding it
would increase their market value.

Chapter 3 is the first analysis to identify situ-
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ations in which a full disclosure equilibrium does not
exist, and only a partial equilibrium prevails. In addi-
tion, it shows that when full and partial disclosure
equilibria coexist, the full disclosure equilibrium will
not be stable under a suitable refinement criterion. This
implies that, under certain conditions, withholding infor-
mation may be the only equilibrium strategy -- a result |

consistent with empirical observations.

Summary of Three-Player Models

Obviously, three-payer models are more advanced than
most two-player or oligopoly models. With regard to the
scope of analysis, a three-player model considers two
dimensions of the impact of disclosure while the other
models‘usually consider only one dimension. The resulting
equilibria for such a model are ﬁore complex, as intu-
itively would be the.case in the real world. These models
show that firms may withhold both good news and bad news.
The market value of the non-disclosing firms may be higher
or lower than disclosing firms. The key factor in the
existence of various equilibria is the relative importance
to the informed firm of diverse influences of disclosing
‘information. The firm must tradeoff among multi-dimen-
sional benefits and costs from its disclosure strategies.

Verrecchia's [1990b] comments about Darrough/Stough-
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ton [1990] may apply to most papers in this category. The
innovation suggested in a three-player model is that the
proprietary costs arising in a discretionary disclosure
equilibrium can be endogenized by appealing to the notion
of an entry game among firms in a product market whose
degree of product differentiation is exogenously spec-
ified. This suggestion is novel in that it couples two
unrelated areas of research, namely, discretionary dis-
closure by financial managers and entry games among firms,
to produce equilibria where proprietary costs occur nét—
urally. However, the extent of_gndogeneity is limited,
because in all these models exogénoﬁs costs must exist to
preclude full disclosure. For example, the need to raise
an amount k of capital to produce in the product market is
just such a cost.

Verrecchia also raises the following concerns.’
First, the structure of the gamé is such that the possi-
bility of full disclosure is never eliminated and, in
fact, is supported by a variety of criteria. This is
quite true in Darrough/Soughton [1990] and Wagenhofer
[1990], but partially solved in Chapter 3 since it ident-
ifies situations in which there is no full disclosure
equilibrium. Furthermore, if a partial disclosure equi-
librium exists, full disclosure does not survive the

Grossman/Perry stability criterion. However, even in
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Chapter 3, a full disclosure equilibrium is still sus-
tained in many situations. Second, the entry game may
give exaggerated benefit to disclosing "bad news" in two
ways: (1) it exaggerates the usefulness of "bad news" as a
signal to discourage market entrants by suggesting that
common information like sales data, would not already be
known by potential competitors in the absence of disclos-
ure; (2) it exaggerates the positive impact of disclosing
"bad news" by ignoring the costs to managers associafed
with attempts to terminate their tenure in the wake of
"bad news", either externally in the form of hostile
takeovers or internally in the form of shareholder disap-
proval. The entry game exaggerétes entry from“without but
ignores entry from within.

In addition to the above comments, the following two
points are noteworthy. First, the multiplicity of equi-
libria is an unsolved problem in general. There may be a
need to develop multi-period moéels, or to induce other
arguments, such as reputation, to deal with such problems.
Second, Bhattacharya/Ritter [1983], Darrough/ Stoughton
[1990], and Chapter 3 consider only equity financing.
There are other financial arrangements that firms can use
to raise capital. Interesting issues of choice of finan-
cial structure can arise, since different financial con-

tracts may involve differing disclosure "requirements".
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Future research may endogenize the choice of financial

arrangement to build more realistic models.

2.6 8ignalling Models .

As mentioned in Section 2.2, when truthful informa-
tion transfer through announcements is impossible, firms
may use indirect communication mechanisms to "signal"™
their private information. The research along this line
forms another group of papers under the title of sig;
nalling models. Both disclosure models and signallingl
models focus on firms' behavior in releasing private
information. Hence, many signalling papers are closely
related to the disclosure models summarized in the prior
sections. Generally, a signalling model consists of one
or more uninformed players and ohe or more informed
players. An uninformed player might be an insurer, an
investor, an employer, or a customer, whereas an informed
player might be an insuree, an entrepreneur, a manager, a
worker, or a supplier. The asymmetric information may
pertain to the likelihood the insuree will suffer a loss,
the probability over the potential outcome from a firm's
operations, the skill or producfivity of the worker, or
the quality of a product that is being sold. Hence, the
uninformed player is typically a "buyer" and the informed

player is a "seller" of some "good". The seller knows
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more about the "quality" of the "good" than does the
buyer. In each case there is a range of quality levels,
which are usually referred to as "types". The key assump-
tion of signalling models is that private information of
the informed player regarding his type cannot be directly
and credibly transferred to the uninformed players. 1In
other words, the costs of information transfer or verifi-
cation are prohibitively high, so that direct disclosure
will not work. However, the "“price" which the sellef can
obtain for his good will be influenced by the buyer's
perception about the type of good being sold. The latter,
in turn, is influenced by the information the buyer
receives. There are two ways the seller can indirectly
“signal" his type to the buyer: either through contingent
contracts or exogenous costly siénals.

These two ways of signalling are qualitatively dif-
ferent, but are not completely distinct or separate.
Sometimes, exogenous signals may be included in a contin-
gent contfact. The fundamental principle of signalling is
that an action taken by a relatively higher type seller
will be more costly for a relatively lower type seller
and, hence, the buyer can identify the true type of the
seller through the seller's action.

Contingent contracts have both risk sharing and

signalling dimensions. That is, such a contract transfers
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both risk and information. Signalling models with contin-
gent contracts may differ in several fundamental dimen-
sions. Some models assume competitive buyers; i.e., there
are a large number of buyers who will purchase the good at
a competitive price, based on the buyers' knowledge of the
quality of the good. In this case, the net trading sur-
plus goes totally to the seller. Alternatively, some
models assume a monopolistic buyer; i.e., there is a
single buyer who seeks to obtain the "goods" as cheably as
possible, retaining a maximum share of surplus for him-
self. He must pay the supplier a price sufficient to
induce him to sell the good; that "reservation" price is
taken as a given. Models also differ as to "who moves
first". Some analyses depict the market as functioning as
if each buyer offers a ménu of contracts to the suppliers,
and each supplier chooses the best contract from among all
those offered. The buyer is assumed to commit to the
contracts he offers and he cannot change them after he has
seen the suppliers' responses.v Other analyses assume that
each supplier offers a single contract to the buyers, who
then have some response to make. For example, the con-
tract may specify a price as well as other terms such as
warranties, and the buyer merely accepts or rejects the
contract. Many buyers may accept the same contract, or

there may be a single good which goes to the first buyer
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who accepts it. Alternatively, the seller may offer a
contract without specifying a price and then accept the
best price that is offered.

Signalling models with exogenous costly signals
differ mainly as to the dimensions of the private informa-
tion and the types of signals used. Early papers assume
that this information is represented by one parameter so
one signal can fulfill the signalling task. Later work
assumes two dimensions of the private information, sb two
signals are necessary to do the job. These signals are
assumed, as pointed abbve, to be costly and the costs are
negatively correlated with the type.

There are a large number of papers involving sig-
nalling. A complete survey of this category is not the
objective of this chapter. We pfimarily focus on those
papers that deal with the issues-of obtaining of capital
from and sharing risks with the éapital market, or com-
municating information to competitors in a product market.
These papers are closely related to voluntary disclosure
research because they provide an alternative way for firms
to communicate with the market. Table 2-5 exhibits the
main characteristics of some important papers that are
selected based on the above criteria. The following is a

summary of these papers.
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The influences of information asymmetry on markets in
which buyers are imperfectly informed about the quality of
a collection of differentiated products that appear on the
supply side of the market were analyzed first by Akerlof
[1970]. Assuming that the asymmetrical information per-
sists, Akerlof concludes that high quality sellers may
withdraw their products from the market because their
products cannot be distinguished and therefore are pribed
according to the average.

Spence [1973] [1976] deals with the other aspect of
the same issue. He analyzes efforts by sellers to "tell"
buyers about the products, and therefore, to change the
initial asymmetric informational structure of the market.
Spence defines these differentiating activities, as they
pertain to information, as signalling from the seller's
point of view. It also can be referred to as screening
from the buyers' standpoint. Spence [1973] claims that
education can signal productive potential if its costs are
negatively correlated with that potential. Therefore, in
general, better workers will acquire more education.

Akerlof and Spence's insightful findings were
advanced by a series of excellent papers. Rothschild/

Stiglitz [1976] provides a seminal analysis of insurance
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markets. Jaffee/Russell [1976] use signalling game to
analyze a loan market. Salop/Salop [1976] focus on the
labor market, analyzing the inflﬁence of unobservable
employees' characteristics -- the probability of quitting
the job. Akerlof [1976] presents four examples about the
use of exogenous signals (indicators) to predict the
behavior of economy and individuals to resolve information
asymmetry problems. »
Following the above antecedents, Leland/Pyle {1977]
analyze signalling in financial markets. 1In financiai
markets, informational asymmetries are particularly pro-
nounced. It is commonly recognized that entrepreneurs
possess "“insider" infdrmation about their own projects for
which they seek financing. In their paper this informa-
tion is modelled as private knowledge about the expected
value of the risky project. It is also assumed that there
is no credible way the entrepreneur can convey this infor-
mation directly to other potential shareholders. However,
the potential shareholders will.respond to a signal by the
entrepreneur regarding his evaluation of the expected
value if they know that it is ig the self-interest of the
entrepreneur to send true signais. The signal analyzed is
the retained ownership of the entrepreneur. The market
perceives the expected value of the project to be a func-

tion of the signal, and the equilibrium valuation function
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is explicitly derived. The properties of this function
show that the greater the entrepreneur's willingness to
take a personal stake in the project, the more investors
are willing to pay for their share of it. These con-
clusions have been supported by empirical observations.
Milgrom/Roberts [1982] use a signalling model to
explain limit pricing. They model an entry game in which
neither the established firm nor the potential entrant is
perfectly informed as to the other firm's unit cost. 1In
such a situation, the pre-entry price may become a signal
regarding the established firm's costs, which in turn are
a determinant of the post-entry price and profits for the
entrant. Thus, the relationship that a lower price (by
signalling lower costs) tends to discourage entry emerges
endogenously in equilibrium. Hence, limit-pricing can be_
an equilibrium behavior, with the established firm at-
tempting to influence the entry decision by charging a
pre-entry price which is below fhe simple monopoly level.
However, since the entrant will, in equilibrium, recognize
the incentives for limit-pricing, its expectations of the
profitability of entry will not be consistently biased by
the established firm's behavior. Then, depending on the
particular equilibrium that is established and the parame-
ters of the model, the probability of entry may fall short

of, equal to, or even exceed what it would be if there
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were complete information, and thus no limit pricing.
Myers/Majluf [1984] develop an equilibrium model in
which a manager's issue-invest decision may signal his
private information about the firm's value. The model
considers a firm that has assets-in-place with a valuable
real investment opportunity. The firm has to issue common
shares to'raise part or all the cash required to undertake
the investment project. If managers have insider informa-
tion there must be some cases in which that information is
so favorable that managemeﬁt, if it acts in the intereét
of the old shareholders, will réfuse to issue shares even
if it means passing up a good investment opportunity.
Investors, aware of their relative ignorance, will reason
that a decision not to issue shéfes signals "good news".
The news conveyéd by an issue is.bad or at least less
good. This affects the price investors are willing to pay
for the issue, which in turn, affects the issue-invest
decision. Under réasonable simpiifying assumptions, the
paper solves the equilibrium shére price conditional on
the issue-inveét decision. Of cburse, it assumes rational
investors and a rational firm which bases its issue-invest
decision on the price it faces. The results can explain
several aspects of corporate financing behavior, including
the tendency to rely on internal sources of funds and to

prefer debt to equity if external financing is required.
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Miller/Rock [1985] extend the standard finance model
of the firm's dividend/investment/financing decisions by
allowing the firm's managers to know more than outside
investors about the true state of the firm's current
earnings. The extension endogenizes the effects of divi-
dend announcements, which, in a world of rational expecta-
tions, serve as signals for the market to deduce the
unobserved information about firm's current earningsf The
cost of signalling that attribute to the market by ih—'
creasing dividends is the foregone use of the funds ih
productive investment. This cost of signalling any spec-
ified level of earnings will be higher, the lower the
level of earnings actually achieved.

Trueman [1986] is a signalling model which tries to
explain why managers often releage earnings forecasts
prior to actual earnings announcéments. It would appear
that managers should at best be indifferent to such a
release given that the actual earning will be disclosed at
a future date. The paper argues‘that the forecast release
gives investors a more favorable assessment of the manag-
er's ability to anticipate economic environment changes,
and to adjust production plans accordingly. Hence, in
this model, a voluntary forecast release serves as a
signal about the manager's talent, which is, thereby

translated into a higher firm market value. In other
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words, the manager's motivation to release his earnings
forecast stems not from his desire to inform investors
about his revised expectation for the period's earnings,
but from his desire to inform them that he has received
new information about the period's earnings. This means
that the manager will'be just as willing to release bad
news as he is to release good news. In turn, this implies
that the average price change at the time of forecast
release will be positive.

Hughes [1986] extends Leland/Pyle's [1977] model £o a
bivariate signalling model. At issue is the information
asymmetry between investors and fhe issuer of an initial
public offering about the value of the security. To avoid
market failure, a solution is proposed in which the issuer
makes a disclosure about firm value that is verified by an
investment banker. The investment banker implicitly
enters into a contingent contract with investors which
imposes a penalty if the ex post observable cash flow
indicates fraudulent disclosure. The feature of the model
is that the private information has two elements: the
expected value and the variance of the future cash flows.
To signal both elements, retained ownership as one signal
is not enough. Hence the second signal, direct disclos-
ure, is used to complete the task. The equilibrium is

solved under the assumptions of exponential utility,
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normal distribution, and an exogenously given disclosure
cost function.

Grinblatt/Hwang [1988] pursue the same issue as
Hughes [1986] except that in their model, the issuer uses
retained ownership and underpricing as two signals to
communicate his private information about the mean and the
variance. The equilibrium valuation formula and under-
pricing are solved assuming a mean/variance utility func-
tion and bivariate value of the variance.

Gertner/Gibbons/Scharfstein {1988] develop a threé-
player signalling model, which analyzes an informed firm's
choice of financial structure when the financing contract
is observed not only by the capital market but also by a
second uninformed party, such as a competing firm. The
informed firm's gross profit is endogenous, because the
second party's action depends on the transaction it
observes between the informed fifm and the capital market.
The main result of this two-audience signalling model is
that the "reasonable" capital-market equilibria maximize
the ex ante expectation of the informed firm's endogenous
gross product-market érofits. In this sense the character
of capital-market equilibrium is determined by the struc-
ture of the product-market. Thus, it may be misleading to
analyze the firm's activities in the financial market

separately from its activities in the product market.  1In
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addition, the paper shows that, generically, either all
the reasonable equilibria are separating or all the rea-
sonable equilibria are pooling. This is in contrast to
earlier work on the information content of financial
structure and to more receﬁt work on refinement in sig-
nalling games, both of which focus on separating equilib-
ria. Hence the paper claims that full disclosure need not

be reasonable equilibrium behaviour.

Summary of signalling models

The representative signalling papers summarized above
show the following. First, instead of the focus in most
disclosure papers (that firms may have incentives to
withhold their private information), signalling papers
focus on the fact that firms may have incentives to com-
municate their private information to relevant parties.
Interestingly, one firm's incentives to reveal its infor-
mation may be created by another firm's incentives to
withhold information. In order to separate a firm from
another firm with "bad characteristics", the firm has
incentives to reveal information about its true state.
Second, when credible disclosuré_is impossible, firms may
use indirect ways to signal their private information.
Thus, signalling and disclosure are alternative methods

for communicating private information. Third, signalling

67



is costly. Therefore, if credible direct communication is
costless, then it will be used instead of costly sig-
nalling. However, if credible direct communication is
costly, then signalling and direct disclosure are alterna-
tive costly communication devices. In that setting,
identifying the communication device used by a privately
informed firm is a matter of identifying his equilibrium

choice.

2.7 Empirical and Behavioral Research in Voluntary Dis-
closure

Direct tests of the results derived from the analyti-
cal disclosure mddelé are rare 5écause of the difficulty
in determining when a manager is withholding information.
In addition, even if one believes that a manager is with-
holding information, one cannot verify whether the undis-
closed information is "good" newé or "bad" news if the
information is never disclosed. Hence, empirical analyses
of managers' behaviour are largely restricted to the
examination of the timing of the release mandated account-
ing reports, and the examination of market reaction to
"missing" announcements that were expected by the market
based on the firm's traditional disclosure behavior. The
theoretical justification for a possible connection

between withholding and delaying disclosure of information
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is provided by Verrecchia [1983] and Jung/Kwon [1988].
Verrecchia [1983] suggests a generalization of his model
to allow the proprietary cost to be a function of time.
Jung/Kwon [1988] assume the probability that the manager
has received information is an increasing function of
time. Thus, the manager's decision to withhold informa-
tion may change as time elapses. This change results in
an observable delay of information disclosure.

The papers that examine the timing of firms' disclos-
ures are important to voluntary disclosure research fdr
the following reasons. First, if firms have incentives to
withhold information, but disclosure of this information
is mandated, then we may observe systematic delays in the
firms' disclosures. For example, firms may withhold "bad"
news as long as possible, until fhe due date of the re-
porting requirement. Secoﬁd, if the disclosure is not
mandatory, then an investigation of the relative timing
and quantity of "good news" versus "bad news" may reveal
something about firms' disclosure behavior. Third, exam-
ining the market's reaction to the timing of firms' re-
porting may provide evidence of the market's perception of
firms' disclosure strategies. For example, such an
examination may reveal whether the market interprets a
"non-report" as a signal of forthcoming "bad" news.

Pastena and Ronen [1979] empirically test the impli-
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cations of the existence of a disincentive to produce and
disseminate negative information. They do so by examining
the extent of delay in the release of negative foreknowl-
edge until the time such disclosures are forced on manage-
ment as a result of the annual audit or through other
media uncontrolled by.management. They define information
"hardness as the probability of imminent disclosure by
sources uncontrolled by management or as a result of an
audit or both. The empirical results provide supporf for
the hypothesis that: (i) managers act as if they attempt
to delay the dissemination of neéative information, rela-
tive to positive information; (ii) they act as if they
disclose primarily soft positive information as contrasted
with soft negative information; and (iii) they disclose
_negative information essentially only after such informa-
tion becomes hard. They conclude that managers have
sufficient discretion over the timing of the generation
aﬁd dissemination of negative information so that there is
a planned delay of negative soft information.

Kross [1982] explores whether a later than expected
earnings disclosure is perceived as a sign of bad news by
the capital market. The test is conducted after a deter-
mination is made for a sample of firms that bad news is
reported later than good news. it finds that later earn-

ings announcements have a higher probability of containing
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bad news than do early announcements for the sample of
firms tested. It also discovers that the shares of late
reporting firms earn lower residual returns than early
reporting firms during this period. These time effects
are still evident when news effects are controlled.

Patell and Wolfson [1982] documented systematic
patterns in the exact timing of announcements in relation
to the hours of operation of the major stock exchanges.
They test the "market wisdom" that good news is releésed
during trading while bad news is held until after the.
market closes. The statistical énalysis of earnings and
dividend announcements yields results that are consistent
with the conjecture that the likelihood of "bad news"
disclosures increases after the close of trading for the
day. The relative proportion of announcements of
increased earnings or dividends was significantly higher
during trading than after trading. The price changes were
more likely to be positive for duriﬁg—trading releases,
while there was a marked shift toward negative price
changes for after-trading announceménts. This stock price
response may contribute to an interpretation of the sys-
tematic timing behavior as an attempt to reduce the public
exposure of unfavourable event55

Givoly and Palmon [1982] present evidence on the

timeliness of annual earnings announcements in the United
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States. They analyze its possible determinants and exam-
ine the relationship between the information content of
the accounting report and its timeliness. Specifically,
they find that announcements containing bad news tend to
be delayed. Investigation of the relationship between
company characteristics and timeliness indicates that size
is inversely related and complexity of the audit is di-
rectly related to the reporting delay. However, the
explanatory power of these variables is small. |

Kross and Schroeder [1984] examine both the assoéi-
ation between quarterly announcement timing (early or
late) and the type of news (good or bad) reported, and the
relationship between stock returns and timing around the
earnings announcement date. The objective is to determine
whether the association between announcement timing and
stock returns persists after confrolling for the sign and
magnitude of the earnings forecast error and firm size.
The results show that early quarterly earnings announce-
ments (i) contain better news, and (ii) were associated
with large abnormal returns relative to late announce-
ments. These results hold independent éll controllable
effects mentioned above.

Chambers and Penman [1984] provide descriptive evi-
dence on the relationship between timelineés of earnings

reports and stock price behaviour surrounding their
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release. They find some relationship between the time lag
in reporting and return variability at the report date for
reports of relatively small firms bearing good news.
Timely interim reports of small firms which bring good
news are associated with higher price reactions than are
those with longer time lags. This is not observed for
reports revealing bad news or reports for relatively large
firms. They also find thaf when reports are published
earlier than expected, they tend to have larger price -
effects than when they are published on time or latervthan
expected. Unexpectedly early reporﬁs are characterized by
good news, whereas unéxpectedly;iate reports tend to bear
bad news. When firms miss their;expected reporting dates,
the market interprets this as bad news.

Penman [1980] examines voluntary forecast disclosure
to provide evidence relevant to the following two issues.
The first issue deals with inforﬁation content -- do
voluntary earnings forecasts convey information to inves-
tors about the firms which publish them? The second issue
deals with full disclosure -- doés voluntary forecast
disclosure result in the publication of only a subset of
the earnings forecast informatioﬁ potentially available,
and if so, what characterizes that subset? The results of
the tests with respect to the information content issue

indicate that corporate earnings forecasts, on average,

\
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possess information relevant to the valuation of firms.
With respect to the full disclosure issue, the tests
indicate that the returns on sample securities of fore-
casting firms during the fiscal year in which the forecast
is made are, on average, higher than those on the market
as a whole, other things being held constant. It appears
that firms with relatively poor earnings prospects and
relatively low security returns do not reveal their rela-
tive position through an earnings forecast. |

Leftwich, Watts, and Zimmerman [1981] investigate the
economic incentives of managers to provide interim reports
voluntarily. They analyze why corporations choose a
particular reporting frequency for external purposes.

They explore whether the monitoring process associated
with issuing capital to parties outside the firm can
explain why managers exceed minimum reporting require-
ments. Their results suggest that reporting frequency is
connected with the choice of Stock Exchange, firm's re-
porting history, and firm's capital structure. However,
the results are not strong.

In the behavioural accounting research literature,
Gibbins, Richardson, and Waterhouse [1990] present inter-
view data regarding various aspects of firm disclosure.
Their informants viewed the output of the disclosure

process as a set of components, including the particular
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information disclosed and a variety of related management
activities. This set of outputs is influenced by several
variables, which they categorize as the firm's disclosure
position and its antecedents, specific disclosure issues
faced by the firm, external consultants and advisors, and
structure. They theorize that firms dévelop a stable
internal preference for the way in which disclosure is
managed. Two dimensions of a firm's disclosure position
are identified -- ritualism and opportunism. The fofmer
refers to a set of internal behavioral patterns characfer—
ized by a propensity toward uncritical adherence to pfe—
scribed norms. The latter refers to a propensity to seek
firm-specific advantage in the disclosure of information.
Opportunistic disclosure behaviour involves an attempt by
the firm to closely manaée the disclosure process, creat-

ing and taking advantage of opportunities as they arrive.

Summary of Empirical Results:

As shown by the above summafy, empirical research has
provided only indirect evidence with respect to the
results derived from analytical models. The empirical
results show that managers withhold some information and
disclose others. In particular, they can manipulate the
timing of disclosures and thereby affect the impact of the

information release. On the other hand, empirical evi-
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dence suggests that the market is rational in interpreting
the observed disclosure deéision of firms. When the
market evaluates any information disclosed, timeliness and
other disclosure characteristics are taken into account.
These results aré consistent with most recent analytical
findings.

However, the empirical research to date has provided
limited information about the issue. There is an obyious
imbalance between analytical modelling and empirical'

investigation.
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Tables

Table 2-1: Two-player Disclosure Models

% de % d de ok de Je de kg de ek d ek K K ke ke Kk de kK de ek dede K de dede K de ke K de ke ok ke ok ok kk ok dkkkkkkkk

Papers (1) (2) (3) (4) (5) (&) (7) (8) (9)
Grossman/H. [1980] TCD CMV - NDC - - DT VSD FD
Milgrom [1981] TID CMV - NDC - - CT VSD FD
Jovanovic [1982] TCD CMV - - EXC - CT VSD PD
Verrecchia [1983] TCD CMV - - EXC - CT VSD PD
Dye (1) {1985a] TCD CMV - NDC" - NPI CT VSD PD
(2) [1985a] TCD U - - ENC - CT VSD ND
Dye [1985b] TCD CMV -~ - ENC ~ CT VDP PD
Dye [1986] TID CMV - - EXC - CT VSD' ALL
Jung/Kwon [1988]) TCD CMV ~- NDC - NPI CT VSD PD
Verrecchia [1990] TCD CMV - - EXC - CT VSD PD

s do K do Je d de ke Jo K de ke de Kk ok Kk de ke ok kg de dede ok dkokokode ok dede ke ok kkdedkkdkdkdkdkkdkkkdkkkkk

(1) TCD:
TID:
(2) CMV:

EPV:

U:
(3) CMF:
(4) NDC:

(5) EXC:
ENC:

(6) NPI:
(7) BT:
DT:

CT:

(8) VSD:
VDP:

(9) FD:
ND:

PD:
ALL:

Truthful Complete Disclosure.

Truthful Incomplete Disclosure.

manager maximizes Current Market Value of the
firm.

manager maximizes the End-of-Period Value of the
initial shareholders' equity in the firm.
manager is Utility maximizer.

manager must obtain Capital Market Funds.

No Disclosure Costs (non-proprietary
information).

EXogenous Costs of proprietary information.
ENdogenous Costs of proprietary information.
positive probability of No Private Information.
Binary Types.

Discrete Types.

Continuum Types.

Voluntary Signal Disclosure.

Voluntary Disclosure Policy.

Full Disclosure equilibrium.

Non-Disclosure equilibrium.

Partial Disclosure equilibrium.

FD/ND/PD
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Table 2-2: Oligopolistic Models

& % de % K de K ke gk Kk ok ok ok k ok k ok ok d kK dek de K de do K de Kk de ok de ok dk ke k ok ok ke Kk ok k de ok kkdkkkk
papers

Novshek/S. [1982]

Clarke
Vives
Fried

Li

(1)
(2)

Gal-oOr
Gal-Or
Shapiro
Kirby
Dontoh

Hughes/Kao [1990]
Darrough

(1) (2) (3) (4) (5) (e) (7)

(8)

D C TIDCMV A CT VDP FP/NP
[1983] O C TCD CMV A/C CT VDP NP
[1984] D C/BTIDCMV A CT VDP FP/NP
[1984] D C TCDCMV C CT VDP FP
[1985] O C TIDCMV A CT VDP NP
[1985] O C TCDCMV C CT VDP FP
[1985] ©O C TIDCMV A CT VDP NP
[1986] D C/BTIDCMV C CT  VDP FP/NP
[1986] O C TCDCMV C CT VDP FP
[1988] O C TCDCMV A CT VDP FP
[1990] O C TCD *** A/C CT VDP PD

D C TCDCMV A CT VDP FD/PD
[1990] D C/B TCD CMV A/C CT/BT *** FP/NP

kkhkdkhkkhkkkkkkkkkkkkkkkhkkhkhkkkhkhkhkkkkkhkkhkkhkkkkkkkkkkkkkkkk

(1)
(2)
(3)
(4)

(5)
(6)

(7)

(8)

Do
0O:
C:
B:
TCD:
TID:

ALL:

Duopoly model.

Oligopoly model.

Cournot competition game.

Bertrand competition game.

Truthful Complete Disclosure.

Truthful Incomplete Disclosure.

manager maximizes Current Market Value of
firm.

manager maximizes the End-of-Period Value
initial shareholders' equity in the firm.
manager is Utility maximizer.

CMV/EPV

uncertain intercept of a linear demand.
uncertain constant marginal Cost.

Binary Types.

Discrete Types.

Continuum Types.

Voluntary Signal Dlsclosure.

s Voluntary Dlsclosure Pollcy.

: VSD/VDP

Full Disclosure equilibrium.
Non-Disclosure equilibrium.

Partial Disclosure equilibrium.

Full Pooling equilibrium.

No Pooling equilibrium.

FD/ND/PD
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Table 2-3(1): Ex Ante Equilibrium Strategies

Cournot Bertrand
Demand . ND | D
Cost D ND

Table 2-3(2): Ex Post Equilibrium Strategies

Cournot Bertrand

H: ND H: D
Demand

L: D L: ND

H: D H: ND
Cost

L: ND L: D

ND: Non-Disclosure

D: Disclosure

H: Firms with Favourable Information
L: Firms with Unfavourable Information
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Table 2-4: Three-Player Disclosure Models

% Jde % & de ke de K K ke Kk ok Kk kK Kk ok Kk kK Kk ok Kk gk ok Kk kK K de d d ok ke kK kK d %k gk ke koK de ok k ok ok

Papers (1) (2) (3) (4) (5) (6) (7) (8) (9)
Bhatta./R. [1983] TID EPV CMF - ENC - DT VSD PD
Lanen/Ver. ([1987] TCD U - - EXC - CT VsD PD
Darro./St. [1990] TCD EPV CMF - ENC - BT VSD FD/PD/ND
Wagenhofer [1990] TCD CMV - - ENC - CT VSD FD/PD
Chapter 3 [1990] TCD EPV CMF - ENC - CT VSD FD/PD

deddedek ok ok ok kkkkokdkkkkkdkkdkkdkdkdkkkdkkkdkkdkdkkkdkikkkikikdkikkkikkkikikk

(1) TCD: Truthful Complete Disclosure.
TID: Truthful Incomplete Disclosure.
(2) CMV: manager maximizes Current Market Value of the
firm.
EPV: manager maximizes the End-of-Period Value of the
initial shareholders' equity in the firm.
U: manager is Utility maximizer.
(3) CMF: manager must obtain Capital Market Funds.
(4) NDC: No Disclosure Costs (nonproprietary information).
(5) EXC: EXogenous Costs of proprietary information.
ENC: ENdogenous Costs of proprietary information.
(6) NPI: positive probability of No:Private Information.
(7) BT: Binary Types.
DT: Discrete Types.
CT: Continuum Types.
(8) VSD: Voluntary Signal Disclosure.
VDP: Voluntary Disclosure Policy.
(9) FD: Full Disclosure equilibrium.
ND: Non-Disclosure equilibrium.
PD: Partial Disclosure equilibrium.
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Table 2-5: Signalling Models

dekkdkkdkkkkkhkkdhhkdkkdkdhkkdkddkdkdkdkdkkdkkdkkdkkdkkidkikkikkkikikikkkikkkk
Papers (1) (2) (3) (4) (5)
Akerlof (1970] -~ A - DT -
Spence [(1973] EXS B - CT EDUCATION
Rothsch./Stigl. [1976] CON C UMF BT CONTRACT
Jaffee/Russell [1976] CON D UMF BT CONTRACT
Salop/Salop [1976] CON E UMF BT CONTRACT
Akerlof [1976] EXS F = BT INDICATOR
Leland/Pyle [1977] EXS G = CT RETAINED OWNERSHIP
Milgrom/Roberts [1982] EXS H = CT PRE-ENTRY PRICE
Myers/Majluf [1984] EXS I - CT INVEST/FIN. POLICY
Miller/Rock [1985] EXS J - CT DIVIDEND POLICY
Hughes [1986] EXS K - CT RETAIN OW/DIR. DIS.
Grinblatt/Hwang [1988] EXS K - BT RETAIN OW/UND. PRI.
Gertn./Gib./Sch [1988] EXS J - BT RETAIN OW/DEBT
hkkkkhkkkkkkkkhkhkkkkhkkkkkkhkkhkhkkhkkhkhkkkkkkhkkkhkkhkkkkkhkhkhkkkkhkkxk
(1) EXS: EXogenous Signal(s)
CON: CONtingent contract
(2) Private Information
A: quality of product or service
B: productivity
C: risk level of insurance
D: default risk level for lending
E: probability of a employee quitting
F: effort level/ability
G: mean value of risky project
H: cost
I: value of asset-in-place and new project
J: expected cash flows
K: mean and variance of a risky project
(3) UMF: Uninformed player Move First
IMF: Informed player Move First
(4) BT: Binary signals
DT: Discrete signals
CT: Continuum signals
(5) Signals

81



References

Akerlof,G. [1973] "The Market for Lemons: Qualitative
Uncertainty and the Market Mechanism." Quarterly Journal
of Economics, LXXXIV, pp.488-500. .

Akerlof,G. [1976] "The Economics of Caste and of the Rat
Race and otherWoeful Tales." Quarterly Journal of Econ-
omics, Vol.90 pp.599-617.

Bhattacharya,S. and J.R.Ritter [1983] "Innovation and
Communication: Signalling with Partial Disclosure." The

Society for Economic Analysis Limited, pp.331-46.

Chambers,A.E. and S.H.Pennman [1984] "Timeliness of Re-
porting and the Stock price Reaction to Earnings Announce-

ments." Journal of Accounting Research, Vol.22 No.l
PP.21-47.

Clarke,R.N. [1983] "Collusion and the Incentives for
Information Sharing." The Bell Journal of Economics,
Vol.14 pp.383-94.

Darrough,M.N. and N.M.Stoughton [1990] "Financial Disclos-
ure Policy in an Entry Game." Journal of Accounting and
Economics, Vol.12 pp.219-43. :

Darrough,M.N. [1990] "Disclosure Policy and Competition:
Cournot and Bertrand", Working Paper pp.1-28.

Dontoh,A. [1990] "Voluntary Disclosure." Journal of
Accounting, Auditing & Finance, pp.480-511.

Dye,R.A. [1985a] "Disclosure of Non-proprietary Informa-

tion." Journal of Accounting Research, Vol.23 No.l pp.123-
45-

Dye,R.A. [1985b] "Strategic Accounting Choice and the
Effects of Alternative Financial ‘Reporting Requirements."

Journal of Accounting Research, Vol.23 No.2 pp.554-74.

Dye,R.A. [1986] "proprietary and non-proprietary Disclos-
ures." Journal of Business, Vol.59 No.2 pp.331-66.

Feltham, G.A., Gigler, F.B. and Hughes, J.S. [1990] "The
Effect of Line of Business Reporting on Competition in
Oligopoly Settings." Working paper, University of Minnes-
ota and University of British Columbia, (Forthcoming in
Contemporary Accounting Research).

82



Fried,D. [1984] "Incentives for Information Production and
Disclosure in a Duopolistic Environment." Quarterly
Journal of Economics, pp.365-81.:

Gal-Or,E. [1985] "Information Sharing in Oligopoly."
Econometrica, Vol.53 No.2 pp.329-43.

Gal-Or,E. [1986] "Information Transmission-Cournot and
Bertrand Equilibria." Review of Economic Studies, Vol.
LIII pp.85-92.

Gertner,R., R.Gibbons and D.Scharfstein [1988] "Simulta-
neous Signalling to the Capital and Product Markets." The
Rand Journal of Economics, Vol.19 No.2 pp.173-90.

Givoly,D. and D.Palman [1982] "Timeliness of Annual Earn-
ings announcements: Some Empirical Evidence." The Ac-’
counting Review, Vol.LVII,No.3 pp.486-507. :

Grinblétt,M. and C.Y.Hwang [1988] "Signalling and the
Pricing of Unseasoned New Issues." Working Paper, pp.1l-
30.

Grossman,S.J. and O0.D.Hart [1980] "Disclosure Laws and
Takeover Bids." The Journal of Finance, Vol.XXXV No.2
pp.323-34.

Hughes, J.S. and J.L.Kao [1988] "Disclosure Rules and
Equilibria in Stochastic Oligopolies." Working Paper,
pp. 1-26.

Hughes,P.J. [1985] "Signalling by Direct Disclosure Under

Asymmetric Information." Journal of Accounting and Econ-
omics, Vol.8 pp.119-42.

Jaffee,D.M. and T.Russell [1976] "Imperfect Information,
Uncertainty, and Credit Rationing." OQuarterly Journal of
Economics, Vol.90 pp.651-66. :

Jovanovic,B. [1982] "Truthful Disclosure of Information."
The Bell Journal of Economics, pp.36-44.

Jung,W.0. and Y.K.Kwon [1988] "Disclosure when the Market -
is Unsure of Information Endowment of Managers." Journal

of Accounting Research, Vol.26 No.l pp.146-53.
Kirby,A.J. [1988] "Trade Associations as Information

Exchange Mechanisms." The Rand Journal of Economics,
Vol.19 No.l pp.138-46.

83



Kross,W. [1982] "Profitability, Earning Announcement time
lags, and Stock Prices." Journal of Business Finance &
Accounting, Vol.9 pp.313-28.

Kross,W. and D.A.Schroeder [1984] "An Empirical Investiga-
tion of the Effect of Quarterly Earnings Announcement
Timimg on Stock Returns." Journal of Accounting Research,
Vol.22 No.l pp.153-76.

Lanen,W.N. and R.E.Verrecchia [1987] "Operating Decisions
and the Disclosure of Management Accounting Information."
Journal of Accounting Research, Vol.25 pp.165-89.

Leftwich,R.W., R.L.Watts and J.L.Zimmerman [1981] "Volun-
tary Corporate Disclosure: The Case of Interim Reportlng "
Journal of Accounting Research, Vol 19 pp.50-77.

Leland,H.E. and D.H.Pyle [1977] "Informational Asymmetri-
es, Financial Structure, and Financial Intermediation."
The Journal of finance Vol.XXXITI No.2 pp.371-87.

Li,L. [1985] "Cournot Oligopoly with Information Sharing."
The Rand Journal of Economics, Vol.16 No.4 pp.521-36.

Milgrom,P.R. [1981] "Good News and Bad News: Representa-
tion Theorems and Applications." The Bell Journal of
Economics, pp.380-91.

Milgrom,P. and J.Roberts [1982] "Limit pricing and Entry
Under Incomplete Information: An Equilibrium Ana1y51s.“
Econometrica, Vol.50 No.2 pp.443-59.

Miller ,M.H. and K.Rock [1985] "Dividend Policy under
Asymmetric Information." The Journal of Finance, Vol.XI
No.4 ppl031-61.

Myers,S.C. and N.S.Majluf [1984] "Corporate Financing and
Investment Decisions when Firms Have Information that
Investors Do Not Have." Journal of Financial Economics,
Vol.1l3 pp.187-221.

Novshek,W. and H.Sonnenschein [1982] "Fulfilled Expecta-
tions Cournot Duopoly with Information Acquisition and
Release." The Bell Journal of Economics, pp.214-18.

Palfrey,T.R. [1985] "Uncertainty Resolution, Private

Information Aggregation and the Cournot Competitive
Limit." Review of Economic Studies, Vol.LII pp.69-83.

84



Pastena,V. and J.Ronen [1979] "Some Hypotheses on the
Pattern of Management's Informal Disclosures." Journal of
Accounting Research, Vol.17 No.2 pp.550-65.

Patell,J.M. and M.A.Wolfson [1982] "Good News, Bad News,
and the Intraday Timing of Corporate Disclosures." The
Accounting Review, Vol.LVII No.3 pp.509-27.

Penman,S.H. [1980] "An Empirical Investigation of the
Voluntary Disclosure of Corporate Earnings Forecasts."

Journal of Accounting Research, Vol.18 No.l pp.132-60.

Rothschild,M. and J.Stiglitz [1976] "Equilibrium in Com-
petitive Insurance Markets: An Essay on the Economics of

Imperfect Information." OQuarterly Journal of Economics,
Vol.90 pp.629-49. :

Salop,J. and S.Salop [1976] "Self- selection and Turnover

in the Labor Market." Quarterly Journal of Economics,
Vol.90 pp.619-27.

Shapiro,C. [1986] "Exchange of Cost Information in
Oligopoly." Review of Economic Studies, Vol.LIII pp.433-
46. :

Spence,M. [1973] "“Job Market Signalling." OQuarterly
Journal of Economics, pp.354-74.

Spence,M. [1976] "Informational Aspects of Market Struc-

ture: an Introduction." Quarterly Journal of Economics,
Vol.90 pp.591-97. ‘

Trueman,B. [1986] "Why Do Managers Voluntarily Release

Earnings Forecasts?" Journal of Accounting and Economics,
Vol.8 pp.53-71.

Verrecchia,R.E. [1983] "Discretionary Disclosure." Jour-
nal of Accounting and Economics, Vol.5 pp.179-94.

Verrecchia,R.E. [1986] "Managerial Discretion in the
Choice Among Financial Reporting Alternatives." Journal

of Accounting and Economics, Vol.8 pp.175-95.

Verrecchia,R.E. [1990a] "Information Quality and Discre-

tionary Disclosure." Journal of Accounting and Economics,
Vol.12 pp.365-80.

Verrecchia,R.E. [1990b] "Endogenous Proprietary Costs
Through Firm Interdependence." Journal of Accounting and

85



Economics, Vol.12 pp.245-50.

Vives,X. [1984] "Duopoly Information Equilibrium: Cournot

and Bertrand." Journal of Economic Theory, Vol.34 pp.71-
94.

Wagenhofer,A. [1990] "Voluntary Disclosure with a Stra-

tegic Opponent." Journal of Accounting and Economics,
Vol.1l2 pp.341-63.

Watts,R.L. and J.L.Zimmerman [1979] "The Demand for and

Supply of Accounting Theories: The Market for Excuses."
The Accounting Review, Vol.LIV No.2 pp.273-305.

86



Chapter 3
VOLUNTARY FINANCIAL

DISCLOSURE IN AN ENTRY GAME
WITH CONTINUA OF TYPES
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3.1 Introduction

As part of the management process, managers constant-
ly acquire information about their firm's future profit-
ability. To the extent that this information is not known
by others, we refer to it as private management informa-
tion. If the firm's ownership is publicly traded, then
this information will ultimately become publicly known (or
obsolete) as investors receive the firm's quarterly gnd
annual financial reports. In addition, managers can
voluntarily reveal their private information by issuin§
reports, such as management forecasts of future earnings.
We observe that, from time to time, managers issue such
reports, but the criteria they use in determining when to
make them is not well understood.

A key characteristic of the reporting of private
management information is that managers do not always
report their information and that they reveal (or with-
hold) both "good" and "bad" news. Several recent papers
provide models of managers' voluntary disclosure deci-
sions. The models aré typically constructed so that
managers do not always disclose or withhold their informa-
tion, despite rational behaviour by both the privately
informed managers and interested parties external to the
firm. In disclosure models, it is assumed that the man-

agers decide whether or not to disclose their information,
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but they do not lie if they choose to disclose. The
motivation not to lie is not explicitly modeled, but is
derived from either the assumed threat of significant
penalties if managers are "caught" mis-representing their
information or the assumed availability of a costless
verification mechanism. Consequently, these models do not
get into "signalling" issues.!

A detailed survey and classification of the existing
literature in this research area is provided in the prior
chapter. 1In this chapter, we provide a model to furthér
develop the results of prior works. The main features and
contributions of our model are as following. |

Our model explicitly considers three players. We
focus on the disclosure decision made by the privately
informed manager of an "incumbent" firm (I) which is
undertaking an investment in a pfoduct market for which it
requires funds from the capital market. The consequences
of his disclosure decision depend on the action of an
opponent, termed the "entrant" (E), and the "“capital
market'!'s" (M) valuation of the securities issued by the
incumbent. Relating our model to the key dimensions we

used to classify the analytical disclosure models in the

'There have been a number of models in which management
actions, such as their choice of dividend policy or capital
structure, are viewed as methods of providing outsiders with
assurances that they are not lying.

89



last chapter, we summarize our assumptions as follows:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

The manager seeks to maximize the expected
end-of-period value of the initial share-
holders' equity in I.

The manager must obtain funds from M and
the "cost" of those funds depends on M's
beliefs regarding the manager's private
information and the action that E will
take. .

The information is proprietary in the sense
that its disclosure can influence I's end-
of-period cash flow.

The impact of disclosure on I's end-of-
period cash flow is not exogenous, but
instead depends on the E's action.

E employs a simple decision rule: E
"enters" if, and only if, the expected
level of I's private information (based on
the information available to E) exceeds E's
"break-even" point. "Entry" by E reduces
I's end-of-period cash flow. There is no
other explicit modelling of the product
market.

The probability that the manager has no
private information is assumed to be zero.
Alternatively, we can permit the proba-
bility of no private information to be
positive, and then assume that the manager
can costlessly communicate whether or not
he has received information. That is, no
information can be distinguished from non-
disclosure.

We consider a continuum of possible manager
"types", i.e., a continuum of possible
private information signals.

The manager makes his disclosure decision
after he observes his private information.

Our basic model is very similar to Wagenhofer [1990]

except that in his model I requires no funds from the -
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capital market and the manager seeks to maximize the
current market value of the firm. With respect to two
dimensions, our model is the same as that of Darrough and
Stoughton [1990], but we differ from their model in that
they only consider binary private information -- the
manager gets either "good" news or "bad" news. A Kkey
feature that distinguishes our analysis from both of these
papers, and most other disclosure models, is that we
introduce private entrant information. That is, we allow
for the possibility that I may not know E's break-even
point and, therefore, does not know what beliefs will
induce E to enter. The major impact of this change is to
eliminate equilibria in which I partially discloses his
information and E plays a mixed strategy. In the model in
which E has private information, E plays a pure strategy,
whether I fully discloses his private information or not.
Section 3.2 presents the basic elements of our dis-
closure model, including a statement of the sequence of
events. Section 3.3 identifies the alternative disclosure
policies that I might employ, characterizing his expected
wealth as a function of his information for both the full
disclosure and partial disclosure policies. This charac-
terization is provided for three different assumptions
with respect to I's knowledge about E's break-even point.

Section 3.4 identifies the conditions under which full
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disclosure equilibria exist, providing explicit character-
ization of these conditions in terms of the amount of
capital required by I and the costs incurred if E enters
I's market. Section 3.5 extends this characterization to
the identification of the conditions under which partial
disclosure equilibria exist. Section 3.6 discusses some of
the issues that arise when there are multiple equilibria,
and presents the implications of some refinements of the
basic sequential equilibrium concept. Finally, section
3.7 provides some concluding remarks.

An interesting aspect of the equilibria identified in
this paper is that there are two‘types of full disclosure
equilibria and two types of partial disclosure equilibria.
The full disclosure equilibria differ only in the way in
which M and E will respond to non-disclosure. 1In one
type, non-disclosure will induce M to provide the desired
capital at the least favourable terms possible. In the
other type, non-disclosure will induce E to enter I's
market with probability one. The partial disclosure
equilibria differ with respect to the relationship between
the market value of the disclosing and non-disclosing
firms. 1In the "low" case, the market value of the non-
disclosing firms is less than all disclosing firms, where-
as in the "high" case, there are some disclosing firms

that have lower market values than the non-disclosing
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firms.

The key factor in the existence of the various equi-
libria is the relative importance to I of under-valuation
by M versus entry by E. The importance of under-valuation
increases as the amount of capital required increases,
whereas the importance of entry increases as entry costs
incurred by the incumbent? increase.

The other interesting results pertain to the refine-
ment of possible multiple equilibria. Under a simplified
distribution assumption, we proved that both full discios-
ure and partial disclosure will not fail the Cho and
Kreps' intuitive stability criterion if they do exist.
However, a full disclosure equilibrium will fail Grossman
and Perry's perfect equilibrium criterion if there also
exists a partial disclosure equilibrium. Furthermore, a
partial disclosure equilibrium will fail the Grossman and
Perry criterion when there exists another partial equilib-

rium which dominates the first.

2In most of the entry game literature, "entry cost"
refers to the cost incurred by the entrant if he chooses to
enter a market. In this chapter, we use "entry cost" to
refer to the reduction in profit incurred by the incumbent
if the entrant enters. '
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3.2 The Basic Model

We focus on the disclosure decision made by the
manager of an incumbent firm that is about to invest in a
new market. The manager acts on behalf of the firm's
current equity-holders and I is used to denote both the
manager acting in that capacity and the current equity-
holders. I is assumed to seek to maximize the expected
end-of-period cash flow of the firm. The focus on
"expected cash flow" implies risk neutrality, which can be
motivated by an assumption that the current equity-holders
are well-diversified investors® and the risks associated
with I's decisions are diversifiable. 1I's focus on the
end-of-period value, as opposed to current market value,
also results from diversificatiop. As demonstrated by
Feltham and Christensen [1988), well-diversified investors
in a large economy can achieve an efficient allocation of
resources and consumption without knowing each manager's
firm-specific information as long as the manager of each
firm in an investor's portfolio acts so as to maximize the
"true value" of investor's equity.

The basic sequence of events are depicted in Table 3-

3paul Fischer raises an interesting question with
regard to the objectives of well-diversified investors if
they hold shares in both firms I and E. We effectively
assume the firms are owned by two different sets of well
diversified investors and, hence, they have no incentive to
motivate the managers' of the firms to collude.
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1. In addition to the incumbent (I), we consider the

capital market (M) and a potential entrant (E).

The planned investment requires k dollars of capital,
which must be obtained from the capital market (M). The
end-of-period cash fiow of the firm (I's payoff) is a
random variable %, from which I will compensate M for the
funds supplied. 1I's private information about X is repre-
sented by a random variable f; the realized value pu isll's
type. We assume that ji is denominated so that its cumu-
lative distribution function, denoted &(u), is defined on
‘the unit interval (0,1].

I's expected payoff if the investment is not under-
taken is #% > 0. If the investment in the new market is
undertaken, then the payoff will be influenced by whether
- E, a potential competitor, chooses to enter the same
market. If E does not enter (e=0), then I will be a
monopolist and the cumulative distribution function for %
given that I is type u is F(x|p,0), x€[0,®). On the other
hand, if E does enter (e=1), then I will be a duopolist

and the cumulative distribution function for % given that

I is type p is F(x|u,1), x€[0,o). The posterior means in
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both cases are assumed to be linear functions of u;* in

particular,

n(W,0) = E[xu,o0] -fxdF(}dp.,O) -ap + b

[}

n(p,1) = E[dp,1] - f.xdF(ﬂp,l) -cp +d
A i

We make the following assumptions with respect to the

payoff parameters:

(A.1]) a > 0 and a-c = § € [0,a]. The expected payoff
is an increasing function of u (e.g., a bigger pu
indicates a more favourable market) and there is
a non-negative variable entry cost, 6.

(A.2) d-k =2 7° and b-d = A € [0,b-k-7%]. Entry by I
is desirable even if u = 0 and E enters, and
there is a non-negative fixed entry cost, A.

(A.3) § > 0 and/or A > 0. There is a strictly posi-
tive entry cost.

Two special cases are of particular interest in subsequent
analysis:

Variable entry cost: 4 = b and a-c = § € (0,a].

‘Appendix 3.A describes a product market in which the
selling price is a linear decreasing function of the total
output supplied by I and E and I has private information
about the intercept of that price function. The expected
profits are not linear functions of I's price information,
but the appendix demonstrates how the linear model used in
this paper can be interpreted as a representation of that
market. ‘
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Fixed entry cost:> c = a and b - d = A € (0,b-k-7°].
These relationships are depicted in Figure 3-1.

Whereas I will enter the market no matter what information
he has, E's entry costs are assumed to be such that he
will only enter if his expectation about I's type u is at
least as large as his break-even point, denoted y. We can
motivate this by assuming that E too maximizes his expect-
ed end-of-period cash flow and that his value is also én
increasing linear function of u, where p represents infor-
mation about demand in the market of interest.

Let y denote M and E's infotmation about ji at the
time they make their decisions, let their posterior
beliefs with respect to [i be represented by the cumulative
distribution function ¢®(u|y), and let their posterior

expectation with respect to @i be denoted v(y). Hence,

1
v(y) -fp. d® (ply) (3.2.1)
0

E's break-even point is a random variable ¥ with a
prior cumulative distribution function G(y) defined on the

unit interval. E learns his break-even point (y = ¥)

5Darrough and Stoughton [1990] and Wagenhofer [1990]
focus on this case. ’
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prior to making his entry decision; he enters with cer-
tainty if v(y) > y and does not enter if v(y) < y.%® Wwe
allow for the possibility that E may play a mixed entry
strategy if he is indifferent between ehtering and not
entering. Hence, we represent his strategy as a function
of this posterior expectation v with respect to I's type

and his own break-even point:

-1 ifv>y
e(v,y)y€lo0,1] ifv -y (3.2.2)
-0 ifv<y

I and M do not observe E's break-even point prior to
making their decisions. However, they do observe the
information y that E receives about I's type and, there-
fore, know his posterior expectation v(y). Consequently,
from I and M's perspective, given posterior expectation v
and E's strategy e(*), the probability that E will enter

is
1
p(v) - f e(v,y) dG(y) (3.2.3)
0

Observe that there are two reasons why I and M may be

‘We assume that the player's strategies in this three-
person game constitute a sequential equilibrium. Sequential
rationality requires that E select the action that maximizes
his expected payoff given his beliefs at the time he takes
his action. '
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uncertain about whether E will enter. First, they may be
uncertain about his break-even point. Second, even if
they know y (because G(y) is concentrated on a single mass
point), E may be indifferent between entering/not entering
and be playing a mixed strategy. These two perspectives
play an important role in ourfsubsequent analysis. We
refer to cases in which G(y) is concentrated at a single
mass point ¥ as ones in which E's break-even point is

common knowledge,’ and to cases in which G' (y) >0V

Y€(0,1) as ones in which E's break-even point is not
common knowledge. Observe that in the latter case, mixed
strategies are of no consequence and the probability that

E will enter is

p(v) = G(v) (3.2.4)

That is, the probability of entry is equal to the prob-
ability that E's type is less than E's expectation about pu
given y. (If E's break-even point is common knowledge,
then (3.2.4) defines the maximum entry probability given
expectation v.)

M and E have the same information y about I's type
when they make their decisions. This information consists
of two elements: a report (or "no repdrt") made by I

regarding his type and the contract o offered to M in

"That is, G(y) = 0 V ye[0,¥) and G(y) = 1 V ye[¥,1].
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return for K units of capital. Let m represent the report
(message) sent by I regarding his type and let M(u) =
{u,n}) represent the set of possible reports that can be
sent by I if he is type p, with m = g representing dis-
closure of his type and m = n representing "no report".
Observe that we do not allow I to lie about his type.
This can be motivated by assuming that either there is a
costless verification mechanism and I chooses whether to
use that mechanism or there are penalties imposed by.anti—
fraud laws and detection mechanisms that are sufficieht to
deter I from lying. An implication of this assumption is
that v(u,a) = p for all «a.

A key issue is the nature of the contract offered by
I to M in return for capital k. Following Darrough and
Stoughton [1990], in most of our analysis we assume that I

obtains its capital by offering M equity in the firm.3

An obvious alternative would be to issue debt, particular-
ly if the debt is riskless (i.e., F(k|u,e) = 0, V ue(o0,1],
e€{0,1}). If debt is risky, then much the same issues

aries as occur with the issuance of equity.

The equity contract is represented by a, the share of

8The assumption that I obtains capital through only
issuing equity removes the possibility of signalling through
the choice of payoff function on the security, as is done in
Brennan and Kraus [1987]. Of course, such signalling is not
necessary in our analysis since it is assumed that direct
disclosure is viable. ’

100



I's payoff to be received by M. M can either accept (r=0)
or reject (r=1) the contract,’ and we assume that M will
only reject a contract if, based on information y, M
believes that the contract has a negative net present

value.

Let V(v,p) denote the expected end-of-period
cash flow of the firm given that M has expectation v about
I's type and believes that E will enter with probability

p, i.e.,

V(v,p) =p-n(v,1) + (1-p) = (v, 0) (3.2.5)

This value determines the minimum share of I's payoff that
M will accept in return for capital k, given expectation v

and entry probability p. We represent that minimum share

by

a*(v, p) = k/V(v, p) (3.2.6)

We must stress that the market is a player in the
game, but it is not a strategic player. In other words, the
market is not a fully active player in our game in that it
does not play strategically. Instead, the market is quite
passive and 1is only modelled to the extent of considering
how it forms beliefs about the firm's cash flows.

"We could allow M to play a mixed strategy if the
expected net return is zero. However, I can always avoid
this case by setting a slightly higher. It is sufficient for
our analysis to allow only E to play mixed strategies, and
then only when his break-even point is common knowledge.
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3.3 I's Strategy Choice
I's disclosure strateqgy is represented by N < {0,1],
the set of signals p that will not be disclosed. The set
of signals u that will be disclosed are denoted D = [0,1]
\N. There are three basic kinds of disclosure strategies:
(i) Full Disclosure (FD): D= [0,1], N = &;

(ii) Full Non-disclosure (FN): D

e, N= [0,1]; and

(iii) Partial Disclosure (PD): D < [0,1], N = [0,1]
\D, where both D and N have positive measure.

I's Expected End-of-period Wealth:

I's expected end-of-period wealth, given signal y,

contract a, market response r, and entry probability p, is

W(p,a,r,p) = (1—r)-(1:a)-V(p,p) + r-x® (3.3.1)
Observe that W(¢) is an increasing linear function of pu
for every a€(0,1), re[0,1l), and pe[0,1].

Recall that if I discloses his type p, then M and E's
expectation is v(y) = u. In this case the probability
that E will enter is p = G(u#) and sequential rationality
implies that the best contract that M will accept is
a*(u,G(u)). Consequently, I's maximum expected wealth,
given disclosure of u and an accepted equity contract, can

be represented as
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Wo(p) = W(p,a*(p,G(pn)),0,G(p))
- [1 - k/V(p,G(r))] -V(p,G(p))
- V(p,G(p)) -k (3.3.2)
That is, I's expected wealth is equal to his expected
payoff minus the cost of the capital invested.

Assume that if I does not disclose his information,
then he will offer the least cost contract that M would
accept given M and E's expectation with respect to I's
type given non-disclosure. In that case, given non—dis—
closure expectation v, the contract offered and accepted
is a*(v,p(v)) and type u's expected wealth can be

expressed as

Wy, v,p(v)) ‘
=W(p,a*(v,p(v)),0,p(v))
= [1 - k/V(v,p(V))] ‘V(p,p(v)) (3.3.3)
For any given expectation v and entry probability p(v), W,
is an increasing linear function of u.

I selects the disclosure choice that will maximize
his expected end-of-period wealth. Equations (3.3.2) and
(3.3.3) specify type u's expectations for disclosure and
non-disclosure, respectively, given his beliefs about how
E and M will respond to his choice. Later we examine the
intervals over which I will choose to disclose (W, > W,)

and not to disclose (W, < W,) his type. However, first we
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consider the nature of W, under specific distributional

assumptions with respect to E's break-even point.

I's Expected wealth from full disclosure:

In this analysis we assume that the prior beliefs
about E's break-even point are characterized by a beta

distribution on the unit interval,' i.e.,

Y
Gy - [ Bo-t™T(1-0)ftat v ye(o,1)
o]

where B, is the normalizing constant and B,, B, > 0 are
exogenous parameters. The mean and variance of this

distribution are

= B,
= B -
Y [¥] B+ B,
Vvar [TY'] - p1°‘32

(p1+ﬁ2) 2. (pl*'ﬁz""l)

We restrict our analysis to three special cases:
¥ Common Knowledge: B, = ny, B, = n(1-y), and n
' -+ o, so that var({¥] - 0 and
¥ = ¥ with probability one.

Uniform Distribution: B, = B, = 1, so that G(y) =
Yy and ¥ = 1/2

Unimodel Distribution: . g,, B, > 1 (and finite).

In the uniform and unimodel cases, G'(y) > 0 V ye(0,1),

Y'lsee Degroot [1970, p.40].
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and we refer to these as situations in which E's breék—
even point is not common knowledge.

Figure 3-2 depicts W, for each of the three cases,
and is represented by the dark line denoted "“ABCD".
Observe that W, is bounded below by w(s,1) - k and above
by w(#,0) - k. These ére the expected net payoffs given

that E enters or does not enter, respectively.12

Observe that when E's break-even point ¥ is commoﬁ
knowledge, W, is a "Z-shaped" broken-line. It is equal to
m(k,0) - k for une(0,¥), and then drops to #(u,1) - k for
Le(¥,1]. The discrete drop is caused by the increase in
E's entry probability from zero to one as the signal u
shifts from being less than E's break-even point to ex-
ceeding it.

In the two cases in which E's break-even point is not
common knowledge, W, is strictly between the two bounds.
In the uniform distribution case, W, is concave and, in
Figure 3-2(b), "B" = W,(u") identifies the interior maxi-
mum. In the unimodel distribution case, W, is initially

concave and then convex, producing an "S-shaped" curve.

2In this figure, a = 15, b = 37, ¢ =6, d = 31, and k
= 28. In the unimodel distribution case, B, = 5 and 8, = 10,
implying that g, = 10,010.
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In Figure 3-2(c), "B" = wouf) is the local interior maxi-
mum and "C" = W,(u,) is the local interior minimum.

(Recall, from (3.2.4), that p(u) = G(u).)

Lemma 3.3.1:" If I and M's belief about ¥ is a
uniform distribution on (0,1), then W, is con-
cave (strictly concave if § > 0). If their
belief is a beta distribution with 8,, B8, > 1,
then:

(a) There exists a type kg € (0,1) such that W,
is strictly concave on the interval (0,u)
and strictly convex on the interval (uo,l),
and

(b) There exist types u* and p, such that p*

€ (0, 1) is a local interior maximum and p,
e(un,l) is a local interior minimum.

Characterization of Disclosure and Non-disclosure

Sets:

The "Z" and "S" shapes of W, in the common knowledge
and unimodel distribution cases (see Figure 3-2), and the
linearity of W,, implies that, in these cases, W, cannot
intersect W, more than three times. Furthermore, the
concavity of W, in the uniform distribution case and the
linearity of W, implies that, in this case, WN cannot

intersect W, more than twice.

3see the appendix for a proof of this lemma, as well
as the proofs for other lemmas and propositions.
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Lemma 3.3.2:' If § = §¥ is common knowledge or
¥ has a unimodel beta distribution, then W
intersects W, at most three times. If ¥ has a
uniform distribution, then W, intersects W, at
most twice.

To illustrate this result, Figure 3-3 depicts a case
in which ¥ = ¥ is common knowledge and the entry cost is
variable. The dark line "UVWXYZ" represents the maximum of
W, and W, at each pu if, and only if, Wo(p) > W(u,v,p(Vv)).

An important implication of Lemma 3.3.2 isuthat, in
the common knowiedge and unimodel cases, if N and D are
non-empty sets with positive measure, then N and D consist
of intervals and the number of intervals in each set is no
more than two. Furthermore, if both N and D consist of
two intervals, then there exist three types p, < p, < p; at

which W, intersects W,. These types are such that:®

“This lemma can be proven rigorously, but the proof is
tedious and we merely appeal to the reader's intuition given
the shapes depicted in Figure 3-2.

In general, N consists of two intervals, but D can
consist of a single interval, with D, empty. It is possible
to have D, empty, but only in "knife-edge" cases that are
not generic.
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N=-N UN,, withN, - [0,p,], N, = [p,,H,]
D-D, UD,, withD, = (p,,B,). D, = (B;,11  (3.3.4)

In the common knowledge case, u, = ¥, Whereas in the
unimodel distribution case
0 <y <P <y < B, <Py <1
In the uniform distribution case, N consists of two
intervals and such that:
O<p, <pr<p, <1
N-N,UN,, withN, - [0,p,], N, = [p,,1]
D = (B;,H,) (3.3.5)

Observe that if a non-trivial non-disclosure region N
exists, then it always includes types close to zero.
However, it does not necessarily follow that the disclo-

sure region D always contains types close to one.
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3.4 Full Disclosure Equilibria
The basic equilibrium concept used in this paper is

% In our disclosure

that of a’sequential equilibrium.
game, a sequential equilibrium is represented by I' =
(N,a,r,e,v). The first element is I's disclosure policy
(characterized by his non-disclosure set N). The second
() is a function specifying the contract offered to M by
each type u € [0,1]. The third (r) is a function specify-
ing the probability with which M will reject each possible
contract given each possible report. The fourth (e) is
E's entry probability given each possible break-even point
and each possible report and conéract from I. The fifth
(v) is a function specifying M and E's expectation about
I's type given each possible report and contract from I.
Sequential equilibria must have sequentially rational
strategies thét are based on consistent beliefs. Consis-
tency of beliefs implies that the posterior expectation v
is computed by Bayes' theorem if possible. Sequential
rationality requires that E enter if his posterior expec-
tation v is less than his break-even point and that M

accept a contract if v and a are such that he expects to

earn a positive profits. I, on the other hand, must have

see Kreps and Wilson [1982]. We take some liberty in
applying their concept since, technically, sequential
equilibria are only defined for finite types and actions.
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no incentive to disclose his information if wueN and have
no incentive to offer a contract other than a(u).

In this section we focus on full disclosure equilib-
ria, i.e., N = ¢. The following lemma specifies the basic
condition that must be specified for the existence of a
full disclosure equilibrium.

Lemma 3.4.1: A full disclosure sequential equi-

librium exists if, and only if, there is an ex-
pectation v such that '

Wo(p) 2 Wy(p,v,G(v)) V p e [0,1] (3.4.1)

where G(v) is the maximum entry probability that
is consistent with (3.2.2) and (3.2.3).

This lemma establishes that, if the requisite expec-
tation v exists, then a full disclosure equilibrium can be
sustained by letting M and E hold expectation v if I does
not disclose his information, no matter what contract he
offers. Furthermore, the necessity part of the lemma
allows us to identify full disclosure equilibria by con-
sidering a single non-disclosure expectation for all
contracts.

We refer to a full disclosure equilibrium that is
sustained by non-disclosure expectation v, satisfying
(3.4.1), as an FD-v equilibrium.

Initially we consider two extreme cases in which full

disclosure is the only sequential equilibrium. Later we
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consider conditions under which the existence of full

disclosure equilibria depend on the parameter values.

Exogenous Entry Choice:

E's action is irrelevant to I's disclosure policy
choice if E's probability of entry is independent of E's
belief about p. This occurs, for éxample, if E's type is
known to be equal to either zero or one. 1In the firgt
case, E will enter no matter what I discloses and in the
latter case E will not enter no matter what I discloseé.

Observe that, in this setting, I would like to have M
hold as high an expectation of [i as possible, since this
will give I the most favourable contract terms. However,
as is well-known, in equilibrium it is not possible for I
to withhold information in an attempt to increasé M's
expectations. To see that this is the case, consider any
measurable set N c [0,1]. If M believes that I is employ-
ing this strategy, then the best contract that I can

obtain with non-disclosure is a"(v,p), where
V=R = pr d®(p) /@ (M (3.4.2)

However, for every pu > v, peN, V(u,p) - k > W (u,v,p), for
any exogenous probability of entry pe[0,1]. That is, the
better types in any non-disclosure "pool" always wants to

let the market know that their firm is worth more than the
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average member of that "pool".

Proposition 3.4.2:'7 If the probability of
entry p is independent of E's beliefs, then the
only sequential equilibrium is a FD-0 equili-
brium, i.e., a full-disclosure equilibrium in
which M holds belief v = 0 if I does not dis-
close.

Capital Obtained By Issuing Riskless Debt:

If I can issue riskless debt to obtain the required
kK units of capital, then the current market value of his
firm is immaterial to his disclosure decision. In this
case, I is only concerned with E's beliefs. In particu-
lar, I would like E to believe that p is less than y, so
as to avoid the negative impact of E's entry into his
market.

If E's type is not common knowledge, then I is moti-
vated to always reveal p in order to minimize the prob-
ability that E will enter. To see this, consider a mea-
surable non-disclosure set N ¢ [0,1] and let v = L (N).
Observe that the poorer types in the pool, i.e., all pu <

v, pneN, prefer to disclose their type because G(u) < G(v).

The preceding discussion sketches the proof of this
result.
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Proposition 3.4.3:'® If I can obtain his capi-
tal by issuing riskless debt and E's type is not
common knowledge, then the only sequential equi-
librium is an FD-1 equilibrium, i.e., a full
disclosure equilibrium in which E holds belief v
= 1 if I does not disclose.

If E's type is common knowlédge (¥ = ¥), then I will
reveal his private information if pu < ¥ and v > ¥ and will
not disclose it if p > ¥ and v < y. Consequently, any
equilibrium disclosure policy must be such that eifhér;
(i) N c [¥,1] or (ii) [¥,1]) < N and (N) £ ¥. 1In (i), any
disclosure strategy such that N < [¥,1] is an equilibrium
strategy -- non-disclosure induces E to enter and all
types in the non-disclosure set are indifferent between
disclosure and non-disclosure. This equilibrium always
exists when E's type is common knowledge and I can issue
riskless debt. In (ii), if u € [¥,1], then I hides his
good news through non-disclosure, and non-disclosure does
not induce E to enter because I also does not disclose for
sufficient types worse than ¥. ihis equilibrium exists
if, and only if, ¥y 2 & (the a priori mean of I's type). A
full disclosure equilibrium exists in this setting pro-

vided that v > ¥.

8rhe preceding discussion sketches the proof of this
result.
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Proposition 3.4.4: If I can obtain his capital
by issuing riskless debt and E's type is common
knowledge, with ¥ € (0,1), then,

(a) FD-v equilibria, Vv € {¥,1], always exist.

(b) An FN (full non-discloéure) equilibrium
exists if, and only if, ¥ 2 &:;

(c) PD (partial disclosure) equilibria in which
N c [¥,1] always exist, and PD equilibria
in which [¥,1] c N exist if, and only if ¥
2 L. .

Simultaneous COncern_for Undervaluation and Entry:

The preceding analysis establishes that an FD-0
equilibrium exists if I is only concerned with how M
values his firm (I fully discloses his information in
order to avoid undervaluation). On the other hand, an FD-
1 equilibrium exists if I is only concerned with avoiding
entry by E (I fully discloses his information in order to
minimize the probability of entry Ey E). We now consider
situations in which I is concerned with both undervalua-
tion by M and entry by E. This is ensured by assuming
that I must issue equity to M in order to obtain the
desired capital and either E's type is not common know-
ledge or it is common knowledge with Y € (0;1). Full
disclosure equilibria can exist in these contexts, with
the form depending on whether undervaluation by M or entry
by E is I's dominant concern.

The following proposition provides a precise charac-
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terization of the conditions under which various full
disclosure equilibria exist when E's break-even point is

either uniformly distributed or is common knowledge.

Proposition 3.4.5: If E's break-even point ¥ is
uniformly distributed (or common knowledge at
Y¥), then one of the three following possibili-
ties hold:

(a) an FD-0 equilibrium exists if K, < d and k
€ [K,,d];

(b) an FD-1 (or FD-Y) equilibrium exists if K,
> 0 and k € [0,K;In[0,d];

(c) an FD equilibrium does not exist if K, < K,
and k € (K,K;)n[0,d].

In the uniform distribution case

K - 2ic+d K, = 2105 + A]

and in the common knowledge case

Kl-—c‘_‘y=[c7+d1 Kz--a%[zﬁw]

To obtain greater insight into the above proposition
we consider the two special cases introduced in section
3.2: the variable entry cost case in which A = b-d = 0 and
§ = a-c > 0; and the fixed entry cost case in which 6§ = a-
c =0 and A = b-d > 0. For a given basic value b, we can
now consider the impact on disclosure of three elements of
the model: maximum undervaluation (a), cost of entry (6§ or

A), and the amount of capital required (k). The following
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depicts the relationship between these elements and the
existence of full disclosure equilibria when ¥ is uniform-

ly distributed.

Variable Entry Cost (d=b and é6€(0,a)):
No FD equilibrium exists if k €. (0,K,)

An FD-0 equilibrium exists if k € [K,,d], where
i}
Kz.;?

Small Fixed Entry Cost (c=a and Ae(0,1), where

A=ab/ (a+b)):
An FD-1 equilibrium exists if k € (0,K,]

An FD-0 equilibrium exists if k € [K,,d], where

K, = %[b+(a—A)] K, = -g-b <K,

Large Fixed Entry Cost (c=a and Ae(4,b)):
An FD-1 equilibrium exists if k € (0,d]

The above relationships for alternative levels of k
and § or A are depicted in Figure 3-4. 1In the variable
entry cost case, a full disclosure equilibrium exists,
based on the threat of under-valuation (FD-0), if large
amounts of capital are required. However, if small
amounts of capital are required, then there is no full

disclosure equilibrium -- the threat of undervaluation is
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not sufficiently strong and full disclosure cannot be
sustained by a threat of entry because low types face very
small entry costs. As depicted in Figure 3-4(a), the
minimum capital requirement necessary for the existence of
an FD-0 equilibrium is an increasing function of the

variable entry cost.

In the fixed entry cost case, a full disclosure
equilibrium based on the threat of entry (FD-1) alwayé
exists for at least small amounts of capital. 1In fact, if
the entry cost is large, then an FD-1 equilibrium exists
for all capital requirements. On the other hand, if the
entry cost is small and the capital requirements are
large, then we again have a situétion in which there is a
full disclosure equilibrium based on the threat of under-
valuation (FD-0). In any event, as illustrated in Figure
3-4(b), at least one full disclosure equilibrium always
exists in the fixed entry cost case. The minimum capital
requirement for existence of an FD-0 equilibrium is again
an increasing function of the entry cost (for small A).

in the two special cases considered above, the range
of capital requirements over which an FD-0 equilibrium
exists is independent of whether E's type is common knowl-

edge or not. More generally, in the variable entry cost
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case with common knowledge of E's type, the characteriz-
ation of existence of full disclosure equili-bria is
precisely the same as above. In the fixed entry cost case
with common knowledge of E's type, we replace a with ay in
the characterization of the range of capital for which an
FD-¥ equilibrium (instead of an FD-1 equili-brium) is
viable.

Now consider a beta distribution with g,, B8, > 1:
From Lemma 3.3.2 we know that, under these conditions,
there exists a type ko€ (0,1) such that W, is convex on‘
(ky,1) and has a local interior minimum at p.e(py,1). We

also have the following result.

Lemma 3.4.6: If G(y) is a beta distribution with
Bys B, > 1, then there exists a unique type v ¢
(&.,1) such that, at u=v,
aw, () _ AW (p,v,G(V)) .
dp dp

Using this result we obtain the following characteri-

zatioh of full disclosure equilibria.

Proposition 3.4.7: If G(y) is a beta distribu-
tion with B,, B, > 1, then, for v satisfying the
conditions of Lemma 3.4.6, one of the following
three possibilities must hold:

(a) an FD-0 equilibrium exists if W, (x,0,0) <
Wo(n) V p e (pe,1);
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(b) an FD-v equilibrium exists if W,(0,v,G(v))
< W.(0)
D

(c) an FD equilibrium does not exist if neither
(a) nor (b) hold.

It is difficult to determine the parameter values
that produce these results because v is endogenously
determined by those values. However, the characterization
is similar to the case in which E's type is common know-
ledge. In the variable entry cost case we again have the
situation in which there is never an FD-v equilibrium énd

an FD-0 equilibrium can be sustained if ke([bé/a,d].
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3.5 Partial Disclosure Equilibria

The analysis in the preceding section identifies
conditions under which full disclosure equilibria exist.
This section identifies conditions under which partial
equilibria exist, and examines their basic characteris-
tics. A partial disclosure equilibrium always exists if
there is no full disclosure equilibrium and, for some
parameter values, there can be both full and partial
disclosure equilibrium. The following section discuéses
some of the issues that arise when there are multiple

equilibria.

General Characterization of Efficient Partial Dis-

closure Equilibria:

A sequential equilibrium I' = (N,a,r,e,v) is termed a
partial disclosure (PD) equilibrium if both N and D = I\N
are measurable subsets of I. The previous section has
established that a partial equilibrium can only exist if I
faces simultaneous threats of under-valuation by M and
entry by E. Hence, in this section we assuﬁe that I must
obtain his desired capital k by issuing equity to M and
that E's break-even point is either not common knowledge
or is common knowledge at ¥e€(0,1).

In any sequential equilibrium, type pel will offer
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the optimal contract a'(v,p(v)) if he discloses his

¥ In this section, we consider only those partial

type.
disclosure equilibria in which I offers optimal contract
a’(v,p(v)) if peN, where v = L(N) and p(v) is consistent
with (3.2.2) and (3.2.3). That is, we consider only those
equilibria in which all types who do not disclose their
private information, offer (and obtain acéeptance) of the
optimal contract given M and E's beliefs.

Lemma 3.3.2, and the associated discussion and fig-
ures, establishes that any partial disclosure equilibrium
gan be characterized by the points at which W, intersects
W,. (See figure 3-3 for an illustration of the following

result.)

Lemma 3.5.1: If I = (N,a,r,e,v) is a partlal
dlsclosur equilibrium in which a(B) = a® = a"(v°,
p(v% ), V uweN, where v® = v(n,a® = G(N), then
(generlcally) there ex1st three p01nts 0 < pu, <

B, < By < 1 such that:?°

(a) N]= N, v N,, where N, = (0,u;] and N, = [u,,
B

(b) Either p, = v? or u, = V.

YThis follows from sub-game perfection, since there is
only one type that can prov1de report u and M will accept
the contract if he knows it is offered by u.

2There are parameter values for which u, = u,, but any
perturbation of those values will result in u, < fhoe
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A Kkey feature of the non-disclosure set N is that it
always contains a set N, of "bad" types (u close to zero)
plus another set N, of "better" types. N, consists of
types who choose non-disclosure because so doing decreases
their expected capital costs (due to over-valuation) more
than it increases their expected, entry costs. N,, on the
other hand, consists of types who choose noﬁ;disclosure
because so doing decreases their expected entry costs and
thereby also decreases their expected capital costs, even
though they are subsequently undervalued. Except in noﬁ—
generic cases, the disclosure set D always contains a set
of "intermediate" types D, = (#4,1,) and may contain a set
of "high" types D, = (p;,1], if py; < 1. This implies that,
unlike in Verreéchia [1983] and Dye [1985], the disclosure
policy is not characterized by a single threshold that
divides the non-disclosure and d&sclosure sets. The char-
acterization obtained here is similar to that obtained by
Wagenhofer [1990].

A second key feature of the non-disclosure set N is
that the posterior non-disclosure expectation v® can be
either below or above the types in disclosure set D,. We

refer to partial disclosure equilibria in which v° = K, as

PD-L equilibria, and those in which v® = p, as PD-H equi-
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libria.?

Observe that in a PD-L equilibrium, all types
who disclose their information receive a higher market
price than those who choose non-disclosure. On the other
hand, in a PD-H equilibrium, at least some types who
disclose their information receive a lower market price

than those who choose non-disclosure.?

Characterization of the Uniform Distribution Case:

In our characterization of partial disclosure equi-
libria, we identify the range of capital levels over which
the two types of partial disclosure equilibria exist.
These ranges are closed intervals contained in the set
(0,d] and, hence, we can represent them as follows:

K-H = [k, ]c] = the set of capital requirements
for whlch a PD-H equilibrium exists

K-L = [k,, ig] the set of capital requirements
for which a PD-L equilibrium exists.

To obtain this characterization we must make an explicit
assumption about the prior beliefs regarding I's type.

For this purpose, we assume that i is uniformly distribut-

2lyhile the Wagenhofer [1990] model is similar to ours,
it is sufficiently different and specialized that, unlike
our results, FD equilibria always exist and PD-H equilibria
never exist.

2observe that, in a PD-H equilibrium, not all types in
D, have a lower market value than the non-disclosure firms.
However, because W, has a strictly positive slope, there
are always types at the low end of D, that have a strictly
lower market value than V(v ,p(v))
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ed, i.e., ®(u)=u. We first consider the case in which E

is also uniformly distributed.

Proposition 3.5.2: If both I's type and E's
break-even point are uniformly distributed, then
the bounds on the sets K-L and K-H have the
follow-ing characteristics (where K, and K, are
defined in Proposition 3.4.5):

(a) K-H = []_<1lk1] > [min{xlxj}Imax{KlK1}]n[old];

(b) K-L = [k,,k,] > [min{x,K,},max{x,K,}In[0,d];
where :

ol .11, b-A/2
k=[50 Al 25/2

A key implication of this proposition is that a
partial disclosure equilibrium exists for any value of k
for which there is no full disclosure equilibrium. In
particular, if K, < K, £ d, then the proposition implies
that [K;/K;,] © K-H v K-L.

Another key implication is that both full and partial
disclosure equilibria exist for some parameter values. for
example, if K, < K, £ d, then [K,,K,] < K-H v K-L, implying
that at least one partial disclosure equilibrium as well
as both an FD-0 and an FD-1 equilibrium exist if k €
(K, K,]-

Appendix 3.B provides additional details on the
characterization of K-L and K-H. We summarize and illus-

trate that characterization for the variable and fixed
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entry cost cases. Recall, from section 3.4, that variable
entry costs and uniformly distributed break-even points

produce a case in which K, = 0 (there are no FD-1 equilib-
ria) and K, = é*b/a. Hence, K, < K, < d, and we obtain the

following characterization:

kK, -0<x<k

k, < minfk, K} < maxfk, K} < k,

where

- (LspL 4 B _
k= (581005 + o577

Figure 3-5(a) depicts the relatibnship between K,, x, and
Rz as é increases from zero to a. All three are increas-
ing functions of § and, in this numerical example, k, =
min{x,K,}.2® PD-H equilibria exist if the capital
requirements are small, and the allowable capital
requirement increases as the entry cost increases.
Partial disclosure equilibria do not exist if the capital
requirements are large and the entry costs are small (see
Figure 3-~4 for the conditions under which full disclosure
equilibria exist), but PD-L equilibria exist if capital

requirements are not too large relative to the entry

Bye found this condition to hold in other numerical
examples, but the complexity of expressions did not allow us
to prove that it would always hold when A = 0.
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costs. Finally, both PD-L and PD-H equilibria exist if
both the capital requirements and the entry costs are

large.

Recall from Section 3.4, that fixed entry costs and
uniformly distributed break-even points produce a case in
which K, > K, = A*b/a, implying that full disclosure equi-
libria always exists. If § = 0 and a > A (as in Figﬁre 3-
5), then we obtain the following characterization of the

partial disclosure equilibria:

k,-K, <k, -x=-k <K -k

where

a

K - A-L% +
Figure 3-5(b) depicts the relationship between K,, K,, and
k for alternative values of A. Observe that there are no
partial disclosure equilibria if the capital requirements
are either large or small. Only a narrow band of capital
requirements can result in\partial disclosure, and both

the upper and lower bounds on that band increase as A

increases.
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Characterization of the Common Knowledge Case:

We again assume that I's type is uniformly distribut-
ed, but now consider the case in which E's break-even
point is common knowledge at ¥€(0,1). In this setting, M

9 is such

and E's non-disclosure posterior expectation v
that in a PD-L equilibrium, p, = v’ = §. Furthermore, E's
probability of entry given that he observes nondisclo-

sure, denoted e?

, 1s equal to zero in a PD-L equilibrium,
but is between zero and one in a PD-H equilibrium. That

is, PD-H equilibria are always such that E is indifferent

between entry and no entry if he observes non-disclosure,

and he plays a mixed strateqy, in which he enters with

0

probability e if I chooses non-disclosure and offers

0

contract a® = a"(v%e% . This mixed strategy is set at the

level that will induce I to choose non-disclosure if, and

only if, ueN.

Proposition 3.5.3: If I's type is uniformly dis-
tributed and E's break-even point is common
knowledge at ¥€¢(0,1), then the bounds on K-L and
K-H have the following characteristics (where K,
and K, are as specified in Proposition 3.4.5):

(a) If ¥y <pgp=1/2, then
K-H = [k,,k,] > [min{x,K,},max{k,K,}]n[0,d]
K-L = [}_{2l]_(2] = [KZIK]n[old]I where

- b
K [26‘y+A][1+-ﬁ]>K2
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(b) If §¥ > p = 1/2, then®*

K-H - [0,k,]1>[0,K,1N[0,d]
K-L = [0,k,]>[0,K,]N[0,d]

Observe that this proposition has the same two key
implications as Proposition 3.5.2 (which considers the
case in which ¥ is uniformly distributed); First, a
partial disclosufe equilibrium exists whenever a full
disclosure equilibrium does not exist, i.e., if K, <:K,,
then [K,,K,] € K-L u K-H. Second, both full and partiai
disclosure equilibria exist for some parameter values,
e.g., if K, > K,, then [K,,K;] < K-L v K-H. Further
observe that if E has a high break-even point (7 > o),
then both types of partial disclosure equilibria exist for
small capital levels, but neither may exist for small
capital levels if E has a low break-even point (¥ < f).

To provide additional insight into these resulfs we
again consider the variable and fixed entry cost cases.

In the variable entry cost setting (A=0), K, = 0 < K, =
§eb/a and we obtain the following characterization of K-L
and K-H for ¥ <

h:
k, =0<k, <K <x < Kk,k

%The proof provides a more detailed characterization
of K-H and K-L. In particular, the proof establishes that Kk,
is strictly greater than K, and that k, may be greater than
K,. We omit the additional detail from the text so that the
proposition focuses on the key aspects of the result.
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where

286 =
K o [a:y + b]

Numerical examples indicate that k, = K, and x = k, < k,.
The values for k, = K, and R1 = Ez are depicted in Figure
3-6(a) for ¥ = 1/3 and values of § ranging from zero to a.
Observe that PD-H equilibria always exist unless the
capital requirement is large and the entry cost is small,
and that there is a non-trivial region over which both - PD-
L and PD-H equilibria exist. (In the latter region, FD-0
equilibria also exist.)

If ¥ > & in the variable entry cost case, then k, =
k, = 0 < k;,k,. The values of k, and k, are depicted in
Figure 3-6(b) for the ¥y = 2/3. 1In this setting, PD-L
equilibria always exist unless the capital requirement is
large and the entry cost is small, and there is a non-
trivial region over which both PD-L and PD-H equilibria
exist. In 3-6(b) the overlap of K-H and K-L occurs for
small capital requirements, whereas in 3-6(a) the overlap
occurs for intermediate capital levels.

The characterization changes considerably when the
entry cost is fixed. Figure 3-7(a) presents an example in

which ¥ = 1/3, while Figure 3-7(b) presents the same
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example except that ¥ = 2/3. Figure 3-7(a) is similar to
the uniform distribution case in that there is only a
limited range of‘capital requirements and entry cost
values over which PD equilibria exist. Furthermore,
within that range there is considerable overlap between K-
L and K-H. 1In Figufe 3-7(b), on the other hand, both PD-L
and PD-H equilibria exist unless the entry cést is small
and the capital requirement is large. Hence, given fixed
entry costs, there is much more opportunity for partial
disclosure equilibria to exist if it is common knowledge
that E has a high break-even point instead of a low break-

even point.

The complexity of the case in which beliefs about ¥
are strictly unimédel makes it difficult to provide a
precise characterization of the conditions under which PD-
L or PD-H equilibria exist. The unimodel distribution
lies between the two extremes of the uniform distribution
and common knowledge cases, and will be very similar to
the case of common knowledge at ¥y if G'(y) is highly
peaked. The key difference between the common knowledge
and unimodel distribution cases is that, in the latter
case, mixed strategies are not required to sustain PD-H

equilibria. If G'(y) is highly peaked, then the probabil-
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ity of entry can be significantly modified by slightly
shifting the non-disclosure expectation in the vicinity of
the mean y. This is essentially the same as exogenously
shifting the entry probability e when ¥ is common knowl-
edge and equal to fhe rion-disclosure mean.

These similarities suggest (see Figure 3-6 and 3-7)
that, with variable entry costs, there is a broad range of
capital requirements and entry cost values for which
partial disclosure equilibria exist, whereas with fixed
entry costs, there is only a narrow range of capital
requirements and entry cost valués for which these equi-
libria exist. Whether it is PD-L or PD-H equilibria that
exist, particularly in the variable cost case, depends
significantly on whether the mean of E's break-even point
is greater than or less than the mean of I's type.

Finally, observe that partial disclosure equilibria
never exist if the entry costs are small and the capital
requirements are large. In that setting, the only equi-
librium that exists is a full disclosure equilibrium in
which M assigns the lowest possiple value to any firm that

does not disclose its type.
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3.6 Multiple Equilibria and Their Refinements

- The preceding analysis establishes that in our.dis-
closure model there are parameter values for which there
is a single disclosure equilibrium (either full or par-
tial) and the;e-are other parameter values for which there
are multiple equilibria. If the multiple equilibria are
all full disclosure equilibria, then they all provide I
with the same expected wealth -- only the belief held to
sustain the equilibrium differs and, in equilibrium, that
the out-of-equilibrium strategy never has to be carried
out. However, substantive issueé arise when there are
both full and partial disclosure equilibria or multiple
partial disclosure equilibria. We explore these issues
more fully in this section.

First, observe that all ueI weakly prefer a partial
disclosure equilibrium over a full disclosure equilibrium,
and all peN strictly prefer non-disclosure (except Kyr Moy
and ps). On the other hand, E has a strict ex ante pref-
erence for a full disclosure equilibrium, while M is
indifferent (he always receives the expected market
return). Full disclosure equilibria are sustained by
either the under-valuation of M or entry by B if I chooses
the out-of-equilibrium action of not disclosing his type.
In our discussion of full disclosure equilibria we explic-

itly identified the out-of-equilibrium belief (expecta-
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tion) held by M and E. The issue here is whether those

beliefs are plausible.

Cho and Kreps Intuitive Criterion
Cho and Kreps [1987] provide an "intuitive criterion"
that is a necessary condition for the stability® of an
equilibrium in a signalling game. The general thrust of
their criterion is to permit threats to sustain an equi-
librium if among the types that could weakly benefit from
a favourable response to the out-of-equilibrium action,
there is at least one type to which the proposed threat
would be an optimal response. Hence, in an FD-v equilib-
rium, the strategy for M and E to hold expectation v,
given non-disclosure and any contract o, can be justified
pro&ided that p = v is among the set of types who would at
least weakly benefit from a more favourable expectation.
We shall prove first in this section that full disclosure
and partial disclosure equilibria satisfy this criterion.
The following notation is used to adapt the Cho and
Kreps [1987] intuitive criterion to our setting.
W'(p) = equilibrium expected wealth for type u.
Q(T) = the set of possible expectations that can

be obtained by varying probability func-
tions defined over the set of types T < I,

Bgtability is a refinement of Nash equilibria that has
been proposed by Kohlberg and Mertens [1986].
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G (v)

a’(v,G"(v))

r'(a,v,p)

v¥(a)

A(a)

R(a)

wWH(p,a)

T" ()

i.e., the smallest interval in [0,1] that
contains T.

the minimum probability of entry if E holds
expectation v.

the minimum contract M will accept given M
and E's belief and entry probability to be
G'(v).

0 if a 2 a"(v,p)
{1 if @ < a"(v,p)
the cutoff point of M and E's belief given

@, i.e., V" separates the reglons of expec-
tations in which r* = 0 and r* = 1.

The accept region for contract a.
The reject region for contract a.

max W(p,a,r’(a,v,G (v)),G"(v))

vVe[O0,1]

expected wealth for u from contract a given
the most favourable possible responses from
M and E. '

(b | Wi(p) < whp,a))

the set of types that weakly prefer o if it
would induce M and E to respond favourably.

Definition 3.6.1: A sequential equilibrium I’ =

(N,a,r,e,v) fails the CK-criterion if, for any
out- of equlllbrlum contract a, T (a) # @ and
there is some type u' €T (a) such that

wt(u/) <

min

veo(T*(x)) W a, 17 (a,v,G(v)),G(v))
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Proposition 3.6.1: Assume that E's break-even
point is either uniformly distributed or common
knowledge. If a full disclosure equilibrium
exists, then it does not fail the CK-criterion.

The preceding proposition has established that full
disclosure equilibria satisfy the CK-criterion. The next
proposition establishes that partial disclosure equilibria

also satisfy this criterion.

Proposition 3.6.2: Assume that I's type is uni-
formly distributed and E's break-even point is
either uniformly distributed or common know-
ledge. If a partial disclosure equilibrium
exists, then it does not fail CK-criterion.

Observe that if T"'(a) is non-empty, then there is at
least one type that would weakly prefer to offer a if M
and B would respond favourably to that contract. However,
the proof establishes that none of these types would offer
this contract if M and E responded unfavourably, even
though their response must be based on an expectation that
recognizes that only the types i# T*(a) could conceivably
be taking this out-of—equilibriuﬁ action. In particular,
in an FD-0 equilibrium, if a is desirable to any type pueI
given a favourable response, then a is also preferred by
type u=0. Consequently, under the CK-criterion, M and E

are "justified" in holding expectation v = 0 when they
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observe any out-of-equilibrium contract, and the existence
of an FD-0 equilibrium assures us that all peI will at
least weakly prefer to disclose their type rather than
have M and E respond to a on the basis of expectation v =
0. A similar result holds if an FD-1 equilibrium exist
and an FD-0 equilibrium does not exist. If both FD-1 and
FD-0 equilibrium exist, then there are some a for which
T'(a)+* @ and T, = . Hence, the belief v = 0 is credible

for all a, whereas v = 1 is not.

Perfect Sequential Equilibria

Grossman and Perry [1986] provide an alternative
equilibrium refinement. They do not allow M and E to use
"conservative" beliefs in determining their responses to
an out-of-equilibrium contract offered by I. Instead, GP
require M and E to respond on thé basis of their prior
beliefs with respect to all types ueI that would benefit
from the out-of-equilibrium contract if they responded on
the basis of those beliefs. We adapt Grossman and Perry's

refinement, with some modification, to our setting.?

%7t is an open question as to what entry probability
we should use in the case in which E's break-even point is
common knowledge and v = y¥. We have chosen to allow p to
vary between zero and one (in all other situations G"(v) =
G(v)). This is consistent with the perspective that the
common knowledge case is the limit of the unimodel dis-
tribution case, in which G"(v) = G(v) for all ve[O0,1].
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Definition 3.6.2: A sequential equilibrium I' =
(N,a,r,e,v) fails the GP-criterign if for any
out-of-equilibrium contract a, T (a) * & and
there exists a measurable set T <« T (a) such
that for v = E(T) and some pe[G(V),G (v)]:

(a) a 2 a'(v,p)

(b) W (u) < W(p,e,0,p) V peT

(c) W(p) 2 W(s,a,0,p) V peI\T

Clearly, if both FD and PD equilibria exist, then the
FD equilibrium fails the GP-criterion since o = o® and T =
_N constitute the basis for failure. On the other hand,
the lack of a PD equilibrium implies that an FD equili-
brium does not fail the GP-criterion, since failure

implies the existence of a PD equilibrium.

Proposition 3.6.3: An FD equilibrium fails the
GP-criterion if, and only if, there also exists
a PD equilibrium.

The final issue is whether a PD-equilibrium satisfies
the GP-criterion. Note that if there exist two PD-equili-
bria A and B simultaneously, then following conclusions
are mutually exclusive: (i) A dominates B; (ii) A is domi-
nated by B; (iii) A and B are non-comparable. Clearly, if
both PD-L and PD-H equilibria exist and one Pareto domina-
tes the other with respect weI, then the Pareto dominated

equilibrium fails the GP-criterion. For a single or
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Pareto dominant PD equilibrium, or when two PD equilibria

are Pareto non-comparable. We have

Proposition 3.6.4: A PD equilibrium fails the
GP-criterion if, and only if, there exists
another PD equilibrium which dominates it.

3.7 Concluding Remarks
We have explored the extent to which a firm will

disclose its private information in a context in which the
firm is concerned about the response to that information
(or its non-disclosure) by both the capital market and
competitors in the firm's product market. 1In particular,
we assume that the firm's information can be ordered such
that it would prefer to reveal good news to the capital
’market and bad news to product market. Full disclosure
will definitely occur if only one of these markets is of
concern to the firm, or if the response of one market
clearly dominates the other. However, partial disclosure
equilibria exist when the firm has a relatively balanced
concern for the responses of both markets.

~ The firm's interest in the capital market is assumed
to arise from the desire to obtain capital at the most
favourable terms possible. We have assumed that the
capital investment is desirable no matter what information

the firm has and no matter what response occurs in the
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product market. Furthermore, we have assumed that the
firm must issue equity to obtain that capital. Obvious
extensions to the current analysis would be to consider
the impact of issuing risky debt instead of equity and to
allow the range of information to be such that the project
is undesirable for some lower range of signals.

Appendix 3.A provides a model of competition ih a
product market that can be represented by the linear
functions we have used. To obtain the desired linearity,
we assume that the firms face a common price uncertainty
that is a decreasing function of aggregate production and
that the competing firms have identical expected variable
costs. An obvious extension of our analysis would be to
explore the impact of alternativg product market assump-
tions, e.g., the firms face different expected variable
costs or compete on price (i.e., a Bertrand equilibrium
instead of a Cournot equilibrium).

Perhaps the most interesting aspect of our results is
that there are two possible partial disclosure equilibria.
PD-L equilibria are characterized by a capital market in
which the non-disclosure firms have a lower market value
than all disclosure firms. PD—Hiequilibria, on the other
hand, are characterized by a capital market in which some
disclosure firms have lower market values than non-dis-

closure firms. Since the equilibria apply on a firm-by-
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firm basis, this result implies that, in equilibrium, we
would expect to empirically observe firms that choose to
withhold information even though its release would
increase their market value, while other firms disclose
information even though withholding it would increase
their market value.

Neither type of partial disclosure equilibria exist
if capital requirements are large and entry costs are
small. They also do not exist if capital requirements are
small, the entry cost is large and fixed, and E will not
enter unless he receives bad news (i.e.,y < ). However,
PD~H equilibria exist for small éapital requirements if
the entry cost is variable or if E will not enter unless
he receives good news (i.e., ¥ > fi). Furthermore, PD-L
equilibria exist for only a narrow band of capital re-
quirements and entry cost values, except when the entry
cost is fixed and E will not enter unless he receives good

news.
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Tables

I, M, and E hold homogeneous prior
beliefs ¢, F, and G with respect to I's
type (i), I's end-of-period value (pay-
off %), and E's break-even point (¥).

I learns his type (i = u), which gives
him private information about his payoff

(%) .

I chooses between publicly disclosing (m
= ) or not disclosing (m = n) his type
(private information). ’

I offers M a contract, which specifies
the share (a) of I's payoff that is to
be given M in return for k units of
capital.

M and E form a posterior expectation (v
= v(m,a)) with respect to I's type (u)
given I's report (m) and the contract
(a) he has offered.

M assesses the value of the firm (V =
V(v, p(v)) and accepts the contract if
a*V 2 k, or rejects it if a*V < k.

E learns his break-even point (¥ = ¥)
and enters with probability one (e=1) if
it is 1less than his expectation with
respect to I's type (y < v) or enters
with probability zero (e=0) if it is
greater (y > v). E can choose to enter
with a probability between zero and one
if y = v.

I and M share the realized payoff (k% =
X): I receives (l-a)ex and M receives
a. x. )

Table 3-1:

8equence of events
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Figures
Figure 3-1: Expected Outcomes.
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Figure 3-2: Expected End-of-Period Wealth

Under Full Disclosure.
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Figure 3-3: Disclosure Versus Non-disclosure
E’s Breakeven Point is Common Knowledge
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Figure 3-4: Capital Requirement/Entry Cost Conditions under which

Full Disclosure Equilibria Exist
E’s Breakeven Point is Uniformly Distributed
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Figure 3-5: Capital Requirement/Entry Cost Conditions under whi_ch

Partial Disclosure Equilibria Exist

E’s Breakeven Point is Uniformly Distributed
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Capital Requirement/Entry Cost Conditions under which
@y=18<u=112

Partial Disclosure Equilibria Exist

Variable Entry Cost/Breakeven Point Common Knowledge
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Figure 3-7: Capital Requirement/Entry Cost Conditions under which
Partial Disclosure Equilibria Exist
Fixed Entry Cost/Breakeven Point Common Knowledge
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Figure 3-8: End-of-Period Value Curve and Contract Curve

E’s Breakeven Point is Uniformly Distributed
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Figure 3-9: FD Contract Curves
with Different Parameter Values

N = k/(c+d)
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Figure 3-10: Comparison of Equilibria
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Appendix 3.A: Payoffs in a Cournot Equilibrium

Entry Game with Demand Uncertainty

Assume that I is entering a market in which the
expected selling price is a linear function of the total
output to be sold in that market. In particular, assume
that the production quantity is scaled such that the
selling price is equal to £ - Q, where £ is an uncertain
demand parameter and Q is the total amount produced in'
that market. I has private information with respect tb E;
let m denote his posterior expectation given that informa-
tion and let [m,m] denote the set of possible values of n.

The production quantities for I and E are denoted g
and q,, respectively. Hence, Q = q if E does not enter
and Q = g + g, if E does enter. The expected production
costs for I and E are {+*g+k and {+q,tk,, respectively,
where k and k, are investments that must be made at the
start of the period. Observe that the expected unit
variable production cost { is assumed to be the same for
both producers. There is no private knowledge with
respect to the variable production costs, although E may
have private knowledge of k..

If BE does not enter, then I is a monopolist in the
market. His expected end-of-period payoff (excluding the

investment k) is
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n(m,q) = [m- qgleq - {*q
The optimal production quantity (differentiate n with
respect to q and set w' equal to zero) is q = [m-{]/2 and

the optimal expected payoff is

n*(m) = n(m,g*) = (m-{]12/4
This can be translated into a linear model if we represent

I's private information as

n*(m) - =*(m)
®* (m) - =*(m)

and define the payoff function parameters as

“ra = [m*(m) - n*(m)] b - n*(m)

Assume that if E invests k, and enters the market,
then he will learn m before he selects d,. That is, even
if he does not know m when he makes his investment deci-
sion, he will know it when he makes his production deci-
sions under duopoly. Therefore, when I and E make their
production decisions under duopoly, their expected payoffs

are known to be

x(m,q,q,) = [m- (g+q.)]*q - {°q
n,(mq,q,) - [m- (g+q,)1+q, - {*q,
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Differentiating m with respect to q and #x, with respect to

g, provides the following first-order conditions:
q-%-(m—t—qe)
qe-%'(M-C—q)

Solving these two equations in two unknowﬁs provides the

following equilibrium expected payoffs and production

quantities:
at(m) = n(m qt,ql) - Im- {12/9 gt - (m-0)/3
nl(m) = n (maqg',q)) - Im-Q12/9 qt- (m-0)/3
Observe that nf(m) = (4/9)ex"(m). Hence, we can

express I's expected payoff, given entry, as a linear
function of u, the previously defined representation of
private information. In particular, the payoff function

parameters are

c = nt(m) - nt(m) d = nt(m)

Now consider E's break-even point. Given information

y, he will enter if E[ng(m)ly] 2 k, and we can express E's

expected profit given m as a linear function of u:

at(m) - nt(m) - cop + d
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where i, ¢, and d are as defined above. Consequently, E

will enter the market if

ceE[uly] + d 2 k,

This implies that E's break-even point is y = [k -d]/c.
The preceding demonstrates that the linear payoff
functions used in this paper can be viewed as representing
a firm competing in a product market in which the initial

entrant (I) has private information about the uncertain
intercept of a linear price function. The linear repre-
sentation of the expected monopoly profit is quite general
- we can use that representation in any setting in which
I's expected payoff is a strictly increasing function of
some scalar representation of his private information
(with finite bounds on the set of possible information).
However, it does not necessarily follow that I's and E's
duopolistic expected profits are linear functions of that
same representation of private information. For example,
it is crucial in the above model that I and E have the
same expected variable per unit production cost. Differ-
ences in their expected costs will result in =t and ﬂ;
being nonlinear functions of u. That would complicate the
analysis of disclosure equilibria, but whether it would

change the qualitative results is an open question.
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Appendix 3.B: Proofs

Proof of Lemma 3.3.1

Since E's break-even point is not common knowledge,

Wo(p) = V(p,G(p)) - k
-G(p)m(p,1) + (1-G(u))m(pn,0) - k
-ap+b- [6p + AlG(p) - k- (3.B.1)
Wy (p) = a-38G(p) - [8p + A1G/(p)

(3.B.2)

In the uniform distribution case, G(u) = p and G'(p)‘=_1.

Hence,

Wpr(p) = =26 < 0

which establishes that W, is concave, and strictly concave
if 6>0. Furthermore, if 6§ > 0, then setting (3.B.2) equal
to zero establishes that W, has an interior maximum at p*
= (a-A)/(268) if ae(A,26+A). If a < A, then u* = 0, and if
a-A > 26 then u" = 1.

In the unimodel case,

B ,
G(p) - fﬂotpl'l(l—t)p"l dt
1]

/(W) - Bop® (1-p) P
G"(p) = By [(B,-1) wPr2 (1-p) Pt — (B,-1) pPrt (1-p) P72

[(Bl_l) - (51+B2_2) nl
B(1-p)

= G/ (p)
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Hence,

W,/ (B) = -28G/(p) - [8p + Al G"(p)

- _al B(p)
G/ (p) TYEE)

where

B(p) = -8 (B,+B,) u2 + [8(By+1) - A(P,+B,-2)1p + A (B,-1)

Given that B,,B8, > 1, we have

B(0) - A(B,-1) 20

B(1) = -6 (B,+B,) + [6 (B,+1) - A (B,+B,-2)] + A (B,-1)
- - (8+A) (B,-1) < O

Therefore, B(u) has at least one' root in {0,1]. To show

that B(ux) has only one root in [b,l], observe that

B/(p) = -28 (B,+B,) b + 8 (B,+1) - A (B,+B,-2)

Let u' satisfy B'(u') = 0. If ut € [0,1], then B(n) is
monotone in [0,1], implying that its root in [0,1] is
unique. If u' e [0,1], then from B"(p) = -28«(B,+B8,) < O,
we know that B(u) is non-decreasing in [0,ut] and is
decreasing in [ut',1], implying that B(p) has a unique root
in [uf,13.

Let u, denote the unique root of B(u) in [0,1]. We
then have W "(p) < 0 if p € [O,p,) and W,"(u) > 0 if u €
(Kg,1]. These inequalities imply the conclusions in (a).

Based on (a), it is straightforward to show (b) by noting
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that W,'(p) is positive at both u = 0 and p = 1. W, must
reach its maximum and minimum at some interior p' and pu,,
respectively.

Q.E.D.
Proof of Lemma 3.4.1

A full disclosure sequential equilibrium exists if M
and E's consistent and sequentially rational response to
non-disclosure and any contract a are such that I weakly
prefers disclosure for all types peI. To sustain full
disclosure equilibria given non-disclosure expectation‘v,
we let p(v) = é(v). This is always the case if E's break-
even point is common knowledge.

To prove the "if" part of the lemma, let M and E hold
the stated expectation v for non-disclosure and all con-
tracts a. B will enter with probability G(v) and M will
accept the contract if, and only if, a 2 a“(v,G(v)).
Hence, under the stated conditions, I will weakly prefer
disclosure for all uel.

To prove the "only if" part of the lemma, assume that
the condition does not hold, and yet there is a full
disclosure equilibrium. This implies that for each con-
tract a€[0,1] that there exists an expectation v such that
either a < a'(v,G(v)) or W,(u) 2 (1-a)sV(v,G(v)) YV peI,
i.e., either M will reject a¢ or I will prefer disclosure

to acceptance of a (given p(v) = G(v)). Consider the
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expectation that produces the largest minimum acceptable

ownership equity, i.e.,

max

vl € VE[O,I] a.(V,G(V))

and let o = a"(v%,G(v°)). By assumption, W, < W,(s,v°,
G(v®%) ) for some pu > 0, but the existence of a full dis-
closure equilibrium implies that there exists some expec-
tation vt # v® such that o 2 &'(v1,G(v')) and w,(u) < (1-
a®)ev(p,G(vt)) V pel. However, that contradicts the as-

sumption because

Welp, vi,G(VD)) 2 (1-a®) V(p,G(VD)) 2 Wy(p) V pex
and, hence, v! satisfies condition (3.4.1).
Q.E.D.
Proof of Proposition 3.4.4
As above, let p(v) = G(v), the maximum entry prob-
ability given expectation v.
(a) If I obtains his capital by issuing riskless

debt, then

Wo(p) = G(p)m(p,1) + (1-G(p))x(p,0) -k
Wy(p,v,G(v)) =G(v)m(p,1) + (1-G(v))=n(p,0) -k

For any v = ¥, we have G(v) = 1 2 G(u) V peI, so that

we always have

Wp(p) 2 Wy(p,v,G(v)) V pel
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Therefore, a full disclosure equilibrium always exists in
which N = ¢ and ve[¥,1] for all contracts offered with
non-disclosure.

(b) If ¥ 2 I, under full non-disclosure, v = I £ ¥ so

that G(v) = 0 < G(u) V peI. Hence,

Wo(p) < Wy(p,v,G(v)) V pel

That is, a full non-disclosure equilibrium exists in which
N = I and with v = I for all contracts offered with non-
disclosure.

On the other hand, if ¥ < &, then under full non-
disclosure, v = i > ¥ so that G(v) = 1 2 G(u) V uel.
However, for any upe(¥,H), G(u) = 0 implies that disclosure
is better than non-disclosure for I. This contradicts the
definition of an FN-equilibrium.

(c) If N c [¥,1] and ve[¥,1], then G(p) = G(v) =1V

pLeN and
Wo(p) = We(p,v,G(v)) V uneN

Therefore, a partial disclosure equilibrium I exists in
which N < [¥,1] and ve[¥,1] for all contracts offered with
non-disclosure.

The sufficiency part of the last condition can be
shown by construction. If ¥ 2 i, then we can find ut c
[0,] such that if N = [uf,1], # < v < ¥ and G(v) = 0. A

partial disclosure equilibrium I then exists in which N =
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(uf,1] and v € [0,7).

The necessity part can be shown by contradiction. If
¥ < I, let N be any partial disclosure equilibrium stra-
tegy of I such that [f,1] « N. Then we have v 2 I 2 ¥, so
G(v) = 1. However, N is not an optimal strategy for
LEN\[Y¥,1] since G(u) = 0 V pe N\[¥,1]. This contradicts
our assumption, so we must have y 2 [.

Q.E.D.

Proof of Proposition 3.4.5

(a) An FD-0 equilibrium exists if, and only if,
k,
Wy(p) 2 Wy(p,0,0) = (1 - -B) (ap + b) V pel
In the uniform distribution case, G(y) = y and

WD(u)' ~ap+b-pdp+A) -k

The concavity of W, (see Lemma 3.3.1) and W,(0) = W,(0,0,

0), imply that

W (R) 2 Wy(p,0,0) V pelo,1]
- W, (1) > Wg(1,0,0)

- c+d-kz(1—%)m+b)

- kz%M+A1=Q
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In the case where Yy = ¥ is common knowledge, since W, is

"Z-shaped" and W,(0) = W,(0,0,0), it follows that

Wp(p) 2 Wy(p,0,0) V pel
- W (¥) 2 Wy (y,0,0)

~c7+d-kz(1-i;)(a'y‘+b)
- b (87 - K.
kza7[67+A] K,
(b) If v = 1, then G(v) = 1 and
k
WN(u,l.l)-(l—m) (cp + d)

In the uniform distribution case, the concavity of W, and

W,(1) = W,(1,1,1) imply that

Wo(p) 2 Wy(p,1,1) V pel
- W, (0) > W,(0,1,1)
- ' b-k>(1--2X)4a
c+d
- ksBic+d =k
(o4

In the common knowledge case, G(¥) = 1 and

W, 7,1) = (1 - —X

COY+d) *(cop + d)

The "Z-shape" of W, W, (¥) = W, (Y,¥,1), and W, '(s,¥,1) < c

= W,'(#) imply that
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Wo(p) = We(p,¥y,1) V pex

-« W, (0) 2 wW,(0,¥Y,1)
- b-k2>(1-—-X)d
cy+d
A _
- k< — 1| +d =K
- <Y 1

(c) The existence of an FD equilibrium if K, < K, is
obvious. If K, < K, and ke (K,,K,), then it is obvious from
the proofs of (a) and (b) that there can be no FD-0, FD-1,
or FD-y equilibria. To demonstrate that there is no.other
non-disclosure expectation v that can sustain a full |
disclosure equilibrium, assumé that an FD-v equilibrium
exists for ve(0,1).

In the uniform distribution case, W, is strictly
concave if § > 0. The contradiction then follpws immedi-
ately from the fact that W, must either intersect W, at pu
= v or, if they are tangent at u.= v, W, > W V puel, p=#v.
If W, is linear (i.e., é = 0), we cannot have W, 2 W, V peIl
because

W' =a-A = W,' = (1 - k/(av+b-Av))+a V ve(0,1)
given that k < K,.

In the common knowledge case, the contradiction

follows from the fact that W, and W, must intersect at u

v. To see this, observe that, if pe(0,¥), then W' = a
and W,' = (1 - k/V(v,0))*a < a and, if ve(¥,1], then W' =
c and W,' = (1 - k/V(v,1))*c < c. Q.E.D.
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Proof of Lemma 3.4.6

From Lemma 3.3.1 we have that dW,/du (specified by
(3.B.2)) is continuous and increasing at all pe(p.,1),
with

dw daw
d_:ll""‘o -0 dle"-l - C‘

W, is defined in (3.3.3), with p(v) = G(v) in the unimodel

distribution case. Observe that

dwy _ k _ ,
dp (1 V(v,G(v)))[a sew1 >0 (3.B.3)

aw, kpdv(v,G(v))/dV.[a—bG(v)]

dpdv (V(v,G(v))]?
_ _ k / .B.
(1 -VT;TET;TT)bG (v) (3.B.4)
Since
dv(v,G(v)) _ dWp(v)
v an >0 V velp,,1]

(3.B.4) implies that dW,/du is decreasing for ve(p,,1].

This, plus the fact that

aw, (g, 1,1) K
- - X ye«<
dp (1 c+d) csc

implies that there must be a unique ve(u,,1) such that

dw, Wy,

g+ T dp

l64



Q.E.D.

Proof of Proposition 3.4.7

(a) It is obvious that an FD-0 equilibrium exists if
this condition is satisfied.

(b) The definition of v and the convexity of W, on
(Kg,1] implies that W, 2 W, V pe[u,,1). The convexity of W,
on [0,u,] and the fact that W, > W, at u=p, implies that W,
2 W, on [0,u,] if it holds at u=0.

(c) For any other expectation v, W, intersects Wo"
This follows from the fact that W, is concave on [0, 1]
and tangency would imply that W, > W, V pe(0,u,], u#*v, and
in the proof of Lemma 3.4.6 we demonstrate that the expec-
tation defined there is the only point at which W, is
tangent to the convex portion of L/

'Q.E.D.
Proof of Lemma 3.5.1

(a) Lemma 3.3.2 establishes that W, intersects W, at
most three times. Observe that dw,/du = a > dw,/dp at
p=0. Therefore, either W, > W, at p = 0 or W, intersects
W, at most twice with W, > W, for pe(p,,4,). The latter
would contradict our proposition, but it is impossible
since in that case ve(u,,u4,) and we know that W (v) =
Wy(v,v,G(v)).

(b) From the definition of W, and W,, we observe that
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Wy(v,v,p(V)) = Wy (v) if p(v) = G(v). This latter condi-
tion always holds if E's break-even point is not common
knowledge. Hence, v must equal one of the three possible
intersection points u,, #4,, or p;, and it cannot be pu,
since N contains no values above us.
Q.E.D.

Proof of Proposition 3.5.2

Lemma 3.3.2 establishes that W, intersects W, at most
twice. Recall that W (v,v,G(v)) = W,(v). If v is a
tangency point, then we have full non-disclosure, which’
can only occur in the "knife-edge case" in thch W,
achieves its maximum at u* = 1/2. It is obvious that v
cannot be the only intersection point, since that would
imply that all ueN lie above or below the mean of N, which
is an impossibility. Therefore, in a partial disclosure
equilibrium, W, must intersect W, exactly twice and N =
[(0,p,]U[H,,1], with g, < p,.

Since v is the expectation over N, we have

21 1

1
v=[fupudp+ | pdple—
‘[ "!; Bi+1-B;

2 2
B N Bl (3.B.5)

2 By +1 -4,
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Recall that v = u; in a PD-L equilibrium and v = g, in a
PD-H equilibrium. We now combine these two conditions
with the fact that W, = W, at p, and p, to specify the
conditions that must be satisfied in the two types of PD
equilibria. Since W, always equals W, at 4 = v, the key
conditions are that W, and W, are'also equal at p, in a PD-

L equilibrium and at y, in a PD-H equilibrium.

PD-L equilibria:

Substitute u; = v into (3.B.5) and solve for pu,:

' 1
B, = v + [1 -2v] 2 v ve[O,%] (3.B.6)

The condition that W, = W, at u, provides the following
necessary condition for the existence of a PD-L equili-

brium with expectation ve[0,1/2]:

ap,+b- [dp,+Al p,-k

_ k
(1 av+b-[dv+Alv

) (ap,+b-[6p,+A] V) (3.B.7)
Solve (3.B.7) for k:

k= [8p, + A [v + 2= 4V,

a-ov (3.B.8)
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We now determine the values of ke[0,d] for which
there exists a ve[0,1/2] such that condition (3.B.8) is
satisfied with p, defined by condition (3.B.6). Observe
that k is a continuous function of v and that the follow-

ing values of k hold for the two extreme values of v:
b
v=20 = k= :;[6 + A] =K,

- - .ol 1, b-A/2, _
v =-1/2 k [6+A][ + —6/2] X

Therefore, condition (3.B.8) holds for all values of k
between k and K,, if we ignore the boundary conditions,
and that implies condition (a) of the proposition when we
introduce the requirement that ke[0,d].

PD~H Equilibria:

Substitute pu, = v into (3.B.5) and solve for u,:
1

B, =v - [2v -1]2 % ve[%,l] (3.B.9)

Replace p, with u, in (3.B.7) to specify the condition
that W, = W, at u,, and make the same substitution in

(3.B.8) to specify k as a function of pu, and v:

. b - Av
k= [0p, + Ale[v + 75_:7534 (3.B.10)

168



Evaluating (3.B.10) at v = 1/2 and v = 1 establishes that
(3.B.10) can hold for all values of k between x and K,, if
we ignore the boundary conditions, and that implies condi-
tion (b) of the proposition when we introduce the require-

ment that ke[o0,d].

Further characterization of Partial Disclosure Equilibria
Given that E's Break-even Point is Uniformly Distributed

PD-L Equilibria:

Differentiate (3.B.8) with respect to v:

1
9K _ 1§ (v+(1-2v) 7) +A] [1-—2B=PB 4

dv (a-6v)2

-1
+ [8(1-(1-2v) 2)] [v+-2ZAV;
a-»ov

The second term is always negative since (1-2v) V2 > 1 V
ve(0,1/2), and the sign of the first term depends on the

sign of (a-év)? - (aA-bs). Furthermore,

dk aA-bd
'avL_o' (6+4A) (1-=——+)

<0 ifa?< aA - bd
a2

>0 if a?> aA - bd

' 0 if& =0
gk o (Llgsa) (1-—28ZPA 1
a3 T2 (a-L)2 —w  if 8> 0
2
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Let (k,,k] represent the range of k values for which
there exists a ve[0,1/2] such that condition (3.B.8) is
satisfied, if we ignore the upper bound 4. If § = 0, then
dk/dv = A[a-A)/a, implying that x and K, are the bounds,
with their relative magnitudes depending on the sign of
a - A:

*

0 and a > A, then k, = K, <x =k

(L.1) If &
(L.2) If 6§ = 0 and a < A, then k, = ¥ < K, = k"
If 6§ > 0 and a2 < aA - bé§, then dk/dv < 0 V ve(0,1/2)1, :
which implies: ‘
(L.3) If § > 0 and a® < ad - bé§, then k, = k < K, = kX'
Oon the other hand, if § > 0 and a? > aA - b§, then both K,
(v=0) and k (v=1/2) are local minima. This implies that
there exists a global maximum k* > max{K,,k}. Determining
whether min{K,,k} is a global minimum is complex and,
hence, we summarize this case as follows:
(L.4) If 6>0, a®>aA-bé, then k, < min{(K,,k} < max(K,,
k} <k*. To determine k, and EZ, recognizing the require-
" ment that ke[0,d], we let k, = min{k,,d} and k, = min(k",

d}. If k, = k, =d, then a PD-L equilibrium does not

exist.

PD-H Equilibria:
Using essentially the same approach as in the PD-L

case provides the following characterization of the range
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of k values [k*ﬁﬁj for which there exists a ve[l/2,1]

such that condition (3.B.10) is satisfied:

(H.1) If § = 0 and a > A, then k, = x < K, = k'.

(H.2) If 6§ = 0 and a < A, then k; = K, < x = k.
(H.3) If § > 0 and (a-§/2)2 < aA - b§, then

kK, = K, < x = kf.
(H.4) If &§ > 0 and (a-6§)% > aA - bs, then

k; < min{K,, k) < max{K,,k} < kt. |
‘We then obtain the desired bounds by letting k, = miﬁ{kf,
d)} and k, = min(kt,q). |

Q.E.D.

Proof of Proposition 3.5.3

Lemma 3.3.2 establishes that W, intersects W, at most
three times. It is straightforward to prove that, in a
common knowledge.partial disclosure equilibrium, W, inter-
sects W, either twice, at 0 < y, <p, = ¥, or three times,
at 0 < py, < g, = ¥ < p; < 1. The expectation for the two-
intersection-point case is:

B B3 | )
\ 2 [l'u dp + £ 1} dp]‘1E:E::;;
2

1, i+ ml - B3 (3.B.11)
2 Pyt By - By
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In examining partial disclosure equilibria in this setting
it is useful to separately examine the cases in which
¥<1/2 and y>1/2.

PD-L Equilibria for ¥ < 1/2:

In a PD-L equilibrium with ¥ < 1/2, there must be

three intersection points (since including [¥,1] < N would

result in an expectation greater than ¥). Substitute g,

v and g, = ¥ into (3.B.11) and solve for p,:

1
By = v + [vZ2+ (y -v)?] 2 (3.B.12)

The requirement that W, equals W, at pu; specifies that
(recall that the entry probability is zero under W,, but

is equal to one at pu; under W):

k

Cupy; +d-k= (1 - m) (ap; + b) (3.B.13)

Solve (3.B.13) for k:

av + b
k- [3p, + Al a(p; - v) (3.B.14)

Observe that (3.B.12) and (3.B.14) are continuous func-

tions of v and that

V=0 = p, =Y, k-Kz-%[6?+A]

V=Y = p,-2¥, k-l<'=[26?+A][1+—a£’7—]>K2
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Therefore, condition (3.B.14) holds for all k € [K,,k].

PD-H Equilibria for y < 1/2:

With v = § = Kk, We express [; as a function of Th

1
By =Y + [2p, (¥ - p,)] 2 (3.B.15)

Given v = ¥ and the entry probability e€[0,1], the

expected wealth under non-disclosure is

k

WN(p'lYle) - (1 - a'y_+b—e[6_"y—+A]

) (ap+b-e [dp+A])

Set W, equal to W, at u;, < ¥ and u; > ¥:
ap, + b -k =Wy(p,,v,e) (3.B.16)
Cus + d—k-wn(p’:“\?,e) (3.B017)

Solve (3.B.16) for k, for a given u, and e,

e(dp, + A) [(a-8e)Y + (b - Ae)]

k= (y - 1, (a-98e) (3.B.18)

Solve (3.B.17) for k, set the result equal to (3.B.18),

and then solve for e, for a given Ky and p4,

(7_‘11) (6 P'3+A)
(Y-u) (B p,+A) + (u;-7) (Bp,+A)  (3.B.19)
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A PD-H equilibrium exists for capital level k if
there exists an intersection point p,€(0,¥] that induces
an intersection point u, based on (3.B.15) and an entry
probaﬁility e based on (3.B.19) such that (3.B.18) holds.
Observe that (3.B.15), (3.B.18) and (3.B.19) are all con-

tinuous functions of u, and that:
A —

B, =0 = p, -y, e=1, and k-Kl-c_?[cY+d]

B, =Y = K, -2¥, e-0, and k-K=[25?+A][1+1-51—%—]
Therefore, condition (3.B.18) holds for all values of k
between k and K,.

PD-L Equilibria for ¥y > 1/2:
In a PD-L equilibrium with ¥ > 1/2, W, can intersect

W, either twice (u; = 1) or three times (u; < 1). Solve

(3.B.11) to obtain v = p, as a function of ¥ = g, and p,:

1
v=[R2p, (B -T2 - (B, - 7) (3.B.20)

W, = W, at p; < 1 is again characterized by (3.B.13) and
solving for k provides (3.B.14)} Evaluate (3.B.14) and

(3.B.20) at puy = ¥:

by =¥ = v =0, k-xz-a—%[67+A]
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At u; = 1 we only require that W, be greater than or equal
to W, (a corner solution), i.e., (3.B.13) is an inequality
for p; = 1. Restating (3.B.14) to reflect this inequality
provides the following condition for pu; = 1:

av, + b

ks =B+ Mgy

> K (3.B.21)

where

EY
v, =[2(1-)1%2-(@1-7)

(k, > K, follows from §+A > SY+A, av,+b > b,.and as (1-v,) <
ay). Therefore, a PD-L equilibrium exists for all k €
[0,x,]n[0,d].

PD-H Equilibria for y > 1/2:

With v = ¥ = Kk,, We express u, as a function of Hgl

1 .
B, =¥ - [ (2F - py)]1 2 (3.B.22)
W, = W, at p, < ¥ is again characterized by (3.B.16) and
(3.B.18) restates condition (3.B.16) in terms of k. If p,
< 1, then (3.B.19) states the implication of (3.B.17) and

(3.B.18) for e. Evaluate (3.B.22), (3.B.19), and (3.B.18)

at p; = ¥:

By =V =% = p =0, e~=1, k-Kl-CA7[C7+d]
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At puy = 1, (3.B.22) implies that g, = ¥ - [2¥ - 1]V2. rLet
e, and k, represent the corresponding solutions to (3.B
.19) and (3.B.18).

Observe that (3.B.17) can be restated as an inéqual—
ity if p; = 1, since this can be a corner solution with W,

< W,:

c+d-k<W(l,¥,e) (3.B.23)

Combining (3.B.18) with (3.B.23) results in the restate-
ment of (3.B.19) as an inequality: e < e,.

A PD-H equilibrium, with pu; = 1, exists for capital
level k if there exists an entry probability ee[0,e,] that
satisfies (3.B.18), where pu, is defined by (3.B.22).
Observe that k is a continuous function of e with k = 0 if
e = 0 and k = k; if e = e;. Consequently, considering
both p; < 1 and p; = 1, PD-H equilibria exist for all k e
[0, max {K,,x;}]n[0,d].

Q.E.D.
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Proof of Proposition 3.6.1

We provide a detailed proof for the uniform distribu-
tion case and then make brief comments on a similar proof
for the common knowledge case.

Uniform distribution case: If ¥ is uniformly distrib-
uted, then G"(u) = G(p) = p. The proof for this case
consists of four lemmata.

First, some knowledge about a'(v,v) and V(v,v) is
useful. Figure 3-8 depicts these curves in the uniférm
distribution case. 3-8(a) is the V curve (similar to
Figure 3-2(b) but increased in height by an amount k). 3-
8 (b) is the a" curve, representing the equilibrium con-
tract offered by all g in an FD equilibrium. 3-8(c)
represents the équilibrium contract line in a PD-v, equi-
librium. Note that in the last case, for all g € N =
[0,t;] v[t,,1], I offers one contract a*(v1) and M accepts
it.

Observe that T“(a) is empty if a is too small to be
accepted by M, even if M and E's expectation v maximizes
V(v,v). Let a, represents the smallest a that would be
accepted by M, which equals k/V(v*,v"), where v' is the

value of v which maximizes

177



V(v,v) = av + b-v[dv + A]

Let o, represents the smallest a that would be accepted by
all M no matter what beliefs M holds. The value of «, and
@, depends on the shape of V, which, in turn, is determin-
ed by the parameter values. We can classify all different
situations into four cases which are mutually exclusive.
The corresponding a'(v,v) curves are depicted in Figure 3-
9.
(a) A < c-§, i.e., b < c+td and a-A > 26. 1In

this case, the V-curve is monotone increas-

ing and, hence, the a -curve is monotone

de-creasing. Thus, a, = k/c+d and a, =

k/b.

(b) c-6§ <A <c, i.e., b < c+d and a-A € [O,
28). In this case, the V-curve has an

interior maximum and a minimum at v = O.
Hence, :
a, - k.
1 (a-A)?2 (3.B.24)
==’ + b
46 :

and a, = k/b.

(c) c<A<a, i.e., b > c+d and a-A € [0,24§].
In this case, the V-curve has an interior
maximum and a minimum at v = 1. Hence, the
@, is the same as (B.24) but a, = k/(c+d).

(d) A > a, i.e., b > c+d and a-A < 0. The V-
curve is monotone increasing and the a -

curve is monotone decreasing. Hence, «, =
k/b and a, = k/(c+d).
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Lemma 3.6.1: In all cases (a)-(d), T'(a) = o if

a < a,. .

Given any contract a such that a, < a < a,, there
always exist beliefs that will induce the market to accept
the contract, and other beliefs that will induce the
market to reject the contract. That is, poth the sets
A(a) and R(a) will be non-empty. Let v, and v, denote the
market beliefs which separate A(a) and R(a), which are the

solutions to a“(v,v) = a:
; 1
v, (a) - maka-Egl(a—A)

1
—[(a-A)2+48 (b-K)1 72}

v, (a) - min{l,—z%{(a—A)
P
+[(a—A)2+46(b-;)] 2} (3.B.26)

We then have following lemma.

Lemma 3.6.2: Given a, £ a £ a,, the values of v,
and v,, depending on the different cases, are

(a) when A < c-d4, v, > 0 and v, = 1 for all a;

(b) when A € [c-d,c], v, > 0 for all ¢, v, = 1
if a € [k/(ctd), a,=k/b], v, < 1 if a € [a,

k/(c+d) ]:

(c) when A € [c,a], v, < 1 for all a, v, =0 if
a € [k/b, a,=k/(c+d)], and v, > 0 if a €
[a,, k/b];

(d) when A > a, v, = 0, and v, < 1 for all «c.
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Observe that the sets

A(a) = {v | r(a,v,Vv) 0} = [v,,V,]

R(a) = (v | r(a,v,v) = 1) = [0,v,]JU[V,,1]
and in the cases where v, = 0 or v, = 1, one of these
intervals is empty. For a given contract'a, the optimal
expectation that M and E can hold (from I's perspective)
is the smallest éxpectation that will induce M to accept
the contract. Using the results from Lemma 6.2, the:

following lemma specifies the optimal expectation for each

of the four cases.

Lemma 3.6.3: The optimal expectation that M and
E can hold in response to contract a, for each
of the four cases, is (a) v, > 0; (b) v, > 0;
(¢) v, > 0 if a € [e,, k/b], v, < 1 if a € [k/b,
k/(c+d)]; and (d) v, < 1.

Based on this knowledge, the following lemma can be

proved.

Lemma 3.6.4: If T'(a) # &, then T'(a) = T,uUT,,
where

(i) T, = [0,t] and t; > O if an FD-0 equili~-
brium exists; .

(ii) T, = [t,,1] and t, < 1 if an FD-1 equili-
brium exists and an FD-0 equilibrium does
not exist.

Proof of Lemma 3.6.4: The general characterization of
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T"(a) follows from the fact that W'(u) = W,(s) is concave
and Wt(u,a) is a linear function of u. To demonstrate
this linearity, first observe that w! is a linear function
of p if r and p are fixed. Next observe that the smallest
expectation v such that r"(e,v,v) = 0 is the optimal
expectation for all pueI. That is, the desired expectation

is the smallest value of v satisfying

k

@ >a’(v,v) = av + b - ve[dv + A]

which implies v = v, or v, according to lemma 3.6.3.
Since T"(a) # o, W' and W' must intersect at least

once (W' cannot exceed W' for all peI since that would

require a<e,). Given the above e#pectation, an intersec-.

tion between W' and W' satisfies

at+b-te[6t+A] -k = (1-a)e[at+b-ve(5t+A)] (3.B.27)

For the moment ignore any bounds on t and let t, < fz be
the two roots to this quadratic equation.

If v > 0, then t, = v, implying that t, > 0. Hence,
to prove condition (i) we need only prove that v = 0 is
impossible if T"(a) # @ and an FD-0 equilibrium exists.
(a.1) FD-0 = k 2 K, = (§+A)sb/a « k/b 2 (§+A+k)/(a+b).
(a.2) T(a) = o if W > W', V teI. Assume v=0, this holds
if

at+b-te [6t+A]-k > (l-a)e [at+b]
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- a > max{ k/b, (§+A+k)/(a+b) }

Hence, from (a.l), if an FD-0 equilibrium exists, T"(a) *
e implies a < @, = k/b. This, in turn, implies that cases
(c) and (d) in which v, = 0 will not occur. Hence v, > 0
impiying t, > 0.

For a proof of (ii), note that when an FD-0 equili-
brium does not exist and T'(a) *# ¢, this implies that
either case (c) or (d), in which k/b < a < k/(c+d), holds.
Note that the optimal expectation is now v,! (Becauée the
acceptance set A(a) = [0, V,], t@e biggest v that will
accept a appears at v, instead of 0). Hence it is easy to
show that

@ < k/(ctd) e v, <1 e t,<]1

Hence an FD-1 equilibrium exists.

Common Knowledge Case:

~

If ¥ = ¥ is common knowledge, then G*(v) = 0 V pue[O,
¥1 and G"(u) = 1 V pe(¥,1]. The proof of the proposition
is similar to the proof for the uniform distribution case

and is not given here. : Q.E.D.

Proof of Proposition 3.6.2
In a PD equilibrium, W' is the maximum of W, and W,.
Lemma 3.6.4 again applies. In the uniform distribution

case it can be shown that if, T"(a) # o, then either v = 0
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or v = 1 is a credible threat, i.e., at least one of these
expectations is such that it would result in the rejection
of a and belongs to T'(a). Similarly, in the common knowl-
edge case it can be shown that, if T"(a) * ¢, then either
v =0 or v = ¥ is a credible threat.

Q.E.D.

Proof of Proposition 3.6.3

We provide a proof based on the uniform distribﬁtion.
The proof for other distributions is more complicated.
The "if" part is straightforward as discussed above. The
"only if" part can be shown in two steps. First, given an
out-of-equilibrium contract «, aésume M and E hold belief
v(a) = v,(a). Based on v,, «a wi;l be accepted and T"(a) =
[0,t,]Jult,,1]. If there exists a T<T'(a) such that v, =
Z(T), then T forms a PD equilibrium, a contradiction.

Second, consider the case in which M and E hold
beliefs v'(a) < v,(a). Let the equilibrium contract
corresponding to v' be a'. Since v' < v,, we have a' >
@“. From Figure 6-8, it can be seen that A(a') > A(a"),
i.e., we have T"(a') < T"(a") since T'(a) = I/A(a). If T c
T"(a'), then T < T'(a") and T forms a PD equilibrium. This
again results in a contradiction.

Q.E.D.
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Proof of Proposition 3.6.4
The "if" part is obvious. For the "only if" part,
let us assume there does not exist another dominant PD

equilibrium. Let the equilibrium non-disclosure contract

0 0 _

be ¢, and let M and E's belief in the equilibrium be v° =
v(a®) . For some out-of-equilibrium contract e, < o, if M
and E respond with v, = v(a,), then it must be that v, >

v?. otherwise, the contract @, will be rejected. The
Wf(a,) curve cannot lie above W'(a’) otherwise W'(a,) :
becomes a dominant PD-equilibrium. This implies that they
must cross, and T*U%) can be either (0,v,] or [v,,1]. (See
Figure 3-10.) However, one interval cannot form a PD
equilibrium so that a T satisfying the GP-criterion condi-

tion will not exist. Hence, a single PD equilibrium will

not fail the GP-criterion.

For v, > v(a,), i.e., a > a"(v,v), the arguments are
similar.

Q.E.D.
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Appendix 3.C: Notation Used in the Paper

= -

Ed

AR TRw

e
e(v,Y)

P(v)

w(u,0)=au+b

T (p,1)=cu+d

< < B oy

<

M(u)={u,n}

m € M(u)
Y

o (uly)
E(y)
r

a

Incumbent
Capital Market
Entrant.

I's end-of-period value (random)
w.c.d.f. F(x]|e)

I's type, w.c.d.f. ®(u)

The prior mean of ji

The realized value of i, I's private
information. ‘

The amount of investment needed.

I's payoff if the project is turn
down.

Entry probability of E.

E's strategy given E's belief v and
type ¥. .

I and M's belief about E's entry prob-
ability.

I's expected end-of-period value given
4 and e=0.
I's expected end-of-period value given
4 and e=1.

Variable entry cost.
Fixed entry cost.

E's type w.c.d.f. G(y). :
Realized value of ¥y, E's private in-
formation.

Expected value of ¥ or common knowl-
edge of E's type.

Set of possible reports type peIl can
send. A

Message sent by type uel.

M and E's information about f[.

M and E's posterior beliefs about [
given y. :

M and E's posterior expectation about
B given y.

The probability with which M rejects
the contract a.

Share of I's payoff to be received by
M.
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v,p)
/V(v,P)

R
*
wﬁ

V(v,p)

N
D
W(u,a,r,p)

W, (1)

Wy(p,v,P(V))

K1’K2

]_{1,]_{1,]52,}_(2,K

K-H=[k,, k,]

K-L=(k,,K,]

Fqobear bz
Bo1Bq4Bs
FD-v
PD-L

PD-H

Minimum share M will accept given v
and p.

Firm's market price given belief v and
p.

Non-disclosure region, i.e., I's stra-
teqgy.
Disclosure region.

I's expected end-of-périod wealth.

I's expected end-of-period wealth
under disclosure.

I's expected end-of-period wealth
under non-disclosure.

Boundaries of k for a FD equilibrium.
Boundaries of k for a PD equilibrium.
The set of k for which a PD-H equilib-
rium exists.

The set of k for which a PD-L equilib-
rium exists.:

Intersections of W, and W,.

Parameters of the beta distribution.

Full disclosure equilibrium sustained
by non-disclosure belief v.

Partial disclosure equilibrium with v
= Uy '
Partial disclosure equilibrium with v
=I_L2.
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Chapter 4
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Fifty years ago, Coase [1937] began to deal with some
key questions that neoclassical economic theory had
ignored. What is a firm? What factors determine a firm's
size? What are the costs and benefits of integration?
Coase's answers are based on his fundamental insights
that: (1) some kinds of economic activities are too costly
to coordinate by using the market price system; (2) mar-
kets and firms are alternative ways of organizing economic
exchanges; and (3) uncertainty and opportunism increase
the cost of using the price system.

In recent years, Coase's work has significantly
influenced the development of research in the theory of
organizations. Following Coase, Williamson [1975] [1985]
has developed the concept of "transaction cost" and the
theory of "transaction cost economics". Williamson [1975])
summaries his model as follows:

The general approach to economic organiz-

ation employed here can be summarized compactly

as follows: (1) Markets and firms are alterna-

tive instruments for completing a related set of

transactions; (2) whether a set of transactions

ought to be executed across markets or within a

firm depends on the relative efficiency of each

mode; (3) the costs of writing and executing

complex contracts across a market vary with the

characteristics of the human decision makers who

are involved with the transaction on the one

hand, and the objective properties of the market

on the other; and (4) although the human and

environmental factors that impede exchanges

between firms (across a market) manifest them-

selves somewhat differently within the firm, the
same set of factors apply to both.
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For Williamson [1985], the human characteristics that
most affect the governance choice are bounded rationality
and opportunism. The environmental characteristics that
determine the choice between market and hierarchical
governance are uncertainty, complexity, and small numbers.
The existence of a small number of parties to an exchange
increases the likelihood of opportunistic behaviour, while
the existence of uncertainty and complexity makes boqnded
rationality operative, thus making it impossible for
parties to an exchange to énticipate all possible futufe
states in their relations. 1In such a setting, the costs
of writing and enforcing a contract assuring all parties
to an exchange of an outcome that all would deem as ac-
ceptable are high enough to be prohibitive. In this situ-
ation, a market would be an inefficient means of carrying
forward a transaction, and it will be replaced by a hier-
archy.

One of the criticisms of Williamson's work, as
pointed by Kreps [1984]), is that he is less convincing in
his arguments that transacting through a hierarchical
organization will lessen transaction costs. Although
Williamson explicitly recognizes that transacting through
a hierarchical framework will also incur transaction
costs, he does not provide enough analysis about how they

would differ from market mediated transaction costs. The
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arguments as to why empirical observations show that
hierarchical transactions usually incur lower transaction
costs needs to be developed furthef.

Alchian and Demsetz [1972] also stress a type of
transaction specific investment in developing their expla-
nation of why firms exist. For Alchian and Demsetz, the
reason for the existence of firms can ultimately be found
in what they call team production. Team production exists
when the collective output of a group of individuals is
greater than the sum of the output of each of them sepér—
ately, and where it is simultaneously difficult to dis-
cover each individual's contribution to the group's out-
put. Individuals in these teams have firm specific skills
-- skills whose value is greater in combination with other
members of the particular team than in other exchange
contexts.

However, the existence of productive teams does not,
by itself, result in hierarchical forms of organizations.
Teamwork only requires cooperation; it does not necessar-
ily require an organizational hierarchy.

Alchian and Demsetz argue that the classical firm
emerges because of the eventual need to monitor, or meter,
the individuals that make up a productive team. Because
it is difficult in a team to determine the individual

contributions of each member, each member has an incentive
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to shirk. The possibility of shirking will deter high-
output individuals from joining the team and may discour-
age customers and capital investors as well. One way to
reduce shirking is to provide for monitoring of the ber—
formance of each team member. However, because the moni-
tor also has incentive to shirk, other mechanisms to
provide incentives for the monitor are necessary. One key
structure for such incentives is so called property
rights. The structure of property rights can reduce the
likelihood of shirking by a monitor by causing him to 5ear
the costs of such behaviour. Thése property rights
include: (1) the right to the residual productivity of the
team beyond that which is necessary to keep the team
operating, (2) the right to observe' the productive input
of individuals on the team, (3) thé right to monitor all
contracts with sources of input into the team, and (4) the
right to sell these rights. These property rights define
the ownership of the firm. The owner of the firm has
strong incentives not to shirk his monitoring responsibil-
ities, since by doing so, he wouid not be maximizing his
personal wealth.

Klein, Crawford, and Alchian [1978] explore one
particular cost for using the market system -- the possi-
bility of post-contractual opportunistic behaviour. The

particular circumstance they emphasize is the presence of
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appropriable specialized quasi-rents. After a specific
investment is made and such quasi-rents are created, the
‘possibility of opportunistic behaviour is very real.

There are two possible ways to solve the problem: vertical
integration or contracts. As assets become more specific
and more appropriable quasi-rents are created (and there-
fore the possible gains from opportunistic behaviour
increase), the costs of contracting will generally
increase more than the costs of vertical integration.

Hence, ceteris paribus, we are more likely to observe

vertical integration.

Following the work of Coase [1937], Williamson
{1975], Alchian and Demsetz [1972], Klein, Crawford, and
Alchian [1978], Grossman and Hart [1986] [1987] develop a
theory of integration. They emphasize the benefits and
the costs of "control" in response to situations in which
there are difficulties in writing or enforcing complete
contracts. Contractual rights can be of two types: speci-
fic rights and residual rights. When it is too costly for
one party to specify\a long list of the particular rights
it desires over another party's assets, it may be optimal
for that party to purchase all the rights except those
specifically mentioned in the contract. Ownership is the
purchase of these residual rights.

For Grossman and Hart, integration is defined in
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terms of the ownership of assets so that at issue is when
one firm will desire to acquire the assets of another
firm. If one party acquires the rights of control, then
that must reduce the rights of control of the other party.
There are potential costs associated with removing control
from those who manage productive activities. Therefore,
it is desirable for firm 1 to integrate firm 2 only when
firm 1's control increases the productivity of its
management more than the loss of control decreases the
productivity of firm 2's management. |

A basic idea in all the papers discussed above is
that transaction costs are incurred in writing contracts.
In a world where it is costless to write contracts, the
parties engaging in a transaction would write a complete
contract which specifies precisely each party's obliga-
tions in every conceivable state of the world. Under a
complete contract, there is no need for contract renego-
tiation because everything would be anticipated in
advance. Nor would any disputes ever occur since a third
party could (costlessly) determine whether one of the
parties had breached the contract, and would impose an
appropriate penalty. Ownership is irrelevant under com-
plete contracting even if information asymmetries exist.

However, the assumption of no transaction costs is

unrealistic. Instead, in practice, transaction costs are

195



pervasive and unavoidable. A consequence of these costs
is that contracts are always incomplete. An incomplete
contract specifies some obligations of the contracting
parties in some states but not in others. Furthermore,
contracts are sometimes incomplete even though they spec-
ify the obligations of the contracting parties in all
states. The incompeletenss in that context arises because
the obligations are held constant across some states for
which it would be "optimal" to specify different obliga-
tions for different states. This is particularly the éase
for low probability events, such as the October 1987 stock
market crash which Saly [1991] is examining. This results
in the possibility that the parties will either be forced
or be motivated té renegotiate the contract. In addition,
disputes may occur either because of different interpreta-
tions of the contract, or due to opportunistic behaviour.
The nature of incompléte contracting is analyzed by
Hart and Moore [1988]. They focus.on the cost of writing
a contingent clause in a sufficiehtly clear and unambigu-
ous way that it can be enforced. If the state variable is
complex, this coét may be prohibitively high. Thus, the
parties may end up writing an incomplete initial contract,
and revising the cbntract once the state is realized.
Given rational expectations by the parties, the possibil-

ity of contract renegotiation will affect the form of the
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original contract. In addition, it may be in the parties'
interests to constrain, in the initial contract, the final
outcome of the renegotiation process. In other words, the
parties' problem is to design an optimal revision game to
be played once the state is realized.

Hart and Moore [1990] contribute further to the
theory of property rights. They extend the idea that
ownership is the control of assets to a multi-asset,
multi-individual economy and study how changes in owner-
ship affect the incentives of non-owners of assets
(employees) as well as the incentives of owner-managers.
One of the key assumptions in their analysis is that each
individual's contribution is given by his Shapley value.
The optimal assignment of assets based on their setting is
such that an agent is more likely to own an asset if his
action is sensitive to whether he has access to the asset
and is important in the generation of surplus, or if he is
a crucial trading partner for others whose actions are
sensitive to whether they have access to the asset and are
important in the generation of surplus. These results
help us to understand the boundaries of the firm.

These recent advances in the organization theory
should have a great influence on managerial accounting
research. Accounting plays an information supporting role

in a firm's economic activities. An accounting system can
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be optimized only if we understand the firm's strategy in
organizing transactions, either intra-firm or inter-firm.

This part of the thesis contributes to incomplete
contracting research from the perspective of managerial
accounting. The main purpose is to extend the traditional
contracting theory analysis of accounting .issues by incor-
porating a broader set of contracting strategies. The key
issues we focus on are the same as those pursued by Gross-
man, Hart, and many others in the economics field. What
are the benefits of "organizing transactions within thé
firm?" How can incomplete contracting work within the
firm? The distinctive nature of our analyses, relative to
the existing economics literature, is that we examine the
problem from an accounting perspective and emphasize the
implication of these new theories to managerial accounting
research.

Each of the following two chapters provides an ana-
lytical model related to incomplete contracting. Chapter
5 analyzes contracting strategy by explicitly considering
contracting costs. We show how contracting efficiency can
be more precisely defined if we explicitly consider con-
tracting costs, and how incomplete contracting can improve
contracting efficiency through minimizing contracting
costs. The results in this chapter provide new insights

for the issue of transfer pricing for intra-firm transac-
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tions. Basically, we believe that the transfer prices
should be chosen based on the criterion of minimizing
transaction costs.

Chapter 6 focuses on the incentive issue within
organizations. Agency theory usually assumes complete
contracting and, hence, provides so called high-powered
incentives for the agents (see the chapter for a detailed
definition). This is consistent with some employee levels
in a firm, partiéularly top management. However, most '’
employees' compensation is not based on explicit contiﬁ—
gent contracts. 1Instead, they are motivated not to shirk
by low-powered incentives. These incentives are provided
by the anticipation of future contract renewal. In the
model, employment contracts are incomplete and short-term.
However, the employees' specific human assets provide
incentives to maintain long-term employment relations. It
is the sharing of the ex post gains from the employment
relation that provides incentives for the employee and the
firm to invest. More accurately, both economic agents are
motivated by the anticipated sharing of expected future
gains where those expectations will be influenced by the

observed, but non-contractible, human asset levels.
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Chapter 5
INCOMPLETE CONTRACTING FOR
- ECONOMIZING CONTRACTING
COSTS
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5.1 Introduction

As early as 1937, Coase pointed out that some kinds
of economic activities are too costly to coordinate by
using the price system (Coase [1937]). He claimed that
markets and firms are alternative ways of organizing
economic exchange. These perceptions led him to focus
explicitly on contracting processes. Coase's insights
were advanced by Williamson [1975] [1985]. Williamsqn
focused on "transaction costs" which are, by Arrow [1974],
the costs of running the economic system. |

Coase and Williamson's work should be extremely
important to managerial accountiﬁg research. Managerial
accounting facilitates intra-firm transactions, which, by
Coase's view, are substitutes for market transactions.
Williamson argues that the main reason for a transaction
to occur within a firm is that it is more costly to effect
the transaction as a market exchénge between two indepen-A
dent units than to incorporate both units within a singlé
firm. What transaction and orgahizational characteristics
allow a firm to provide these advantages? What implica-
tions do these organizational characteristics have for
managerial accounting research? These questions have not
been explored in accounting research to any significant
extent.

Although the existence of transaction costs has been

202



recognized in accounting research, most of the literature
to date assumes that these costs are trivial. Therefore,
they are either ignored or combined with traditional
production costs. Sometimes, transaction costs are rela-
tively small with respect to transaction gains and, hence,
ignoring them will have little impact on the analysis.
However, there exist situations in which these costs are
non-trivial, and play a crucial role in the contracting
process. In these cases, ignoring these costs will cause
serious bias in the results. For example, if contracfing
costs are ignored, then a bias toward complicated compre-
hensive contracting is present. This is certainly mis-
guided if complete contracting is very costly (perhaps
impossible).

The above issues motivate ué to explicitly consider
transaction costs. This is particularly important when we
examine a firm's behaviour in organizing intra-firm trans-
actions. A firm's managerial accounting system that
reflects the firm's strategies and governance structure
may be influenced by such considerations.

We explicitly consider contracting costs in a simple
intra-firm transaction model. The main objective is to
show the influence of contracting costs on contracting
strategies. We show how contracting efficiency can be

more precisely defined if we explicitly consider contract-
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ing costs, and how incomplete contracting can improve
contracting efficiency through minimizing contracting
costs. Thus we extend traditional contracting theory,
which emphasizes complete contracting, to a broader con-
tracting strateéy space. In short, taking contracting
costs into account, incomplete contracting may be optimal
in many cases. This is obviously consistent with empiri-
cal observations.

We use the concepts "transaction costs" and "con-
tracting costs" inter—changeably, Observe that, since
"transaction cost economics" takes a contract as the main
transaction instrument, the transaction relation is con-
tractual. |

The main contributions of this paper are as follows.
First, through a systematic analysis of different con-
tracting processes for an intra-firm transaction, we
establish conditions under which complete, null, or incom-
plete contracting may be optimal. To reach these results,
we provide a formal definition for contracting costs.
Second, if the incomplete contract is optimal, we provide
a criterion for choosing the optimal governance structure
and ex ante contract prices. 1In particular, we identify
conditions under which a dual pricing contract can improve
contract efficiency. Third, our results provide a poss-

ible explanation for observed transfer pricing policies in
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managing repeated transfers of products within an organiz-
ation. Specifically, we observe that firms establish
“"transfer pricing policies" to govern a series of future

transactions.'

Although the prices specified by these
policies may be renegotiable, most future transactions
will be based on these pricing policies. .In particular,
relatively few firms use bargaining between divisions as a
means of determining transfer prices for repeated transac-
tions.? oOur results show that when the firm faces uncer-
tainty and information asymmetry, an incomplete contraét
in which a pair of prices is specified ex ante will mini-
mize contracting costs so that the firm's net cash flows
will be maximized. Therefore, setting a transfer pricing
policy is an optimal way to govern repeated intra-firm
transactions.

After this introductory section, the paper is organ-

ized as follows. Section 5.2 discusses contracting cost

concepts. A detailed definition of contracting costs is

'In the following analysis the central management sets
a policy regarding which division has control of the
transfer decision and the divisions negotiate ex ante
prices. Although this seems inconsistent with some obser-
vations, we believe that the divisions play some role in the
setting of these prices. It is unlikely that the central
management can act alone in deciding the transfer policies.
We leave this question open for further research.

?Atkinson [1987] found that only 7% of Canadian firms
determine transfer prices on the basis of negotiation. ‘
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provided based on Williamson's point of view. Section 5.3
presents basic model elements. Section 5.4 analyzes
contracting strategies in settings with verifiable infor-
mation. Section 5.5 analyzes contracting strategies in
settings with unverifiable information. Section 5.6
extends the results in Section 5.5 to settings with large
ex post bargaining costs, and introduces bargaining under
asymmetric information. 1In section 5.7 we discuss the
implications of our results to the transfer pricing prob-

lem. Section 5.8 is a brief conclusion.

5.2 contracting Costs

As with most other economic activities, the contract-
ing process incurs costs. In some cases, contracting
costs are small relative to the gains resulting from the
transactions so that they can be ignored without causing
serious bias in the analysis. In other cases, they are
non-trivial so that ignoring them will result in misguided
conclusions.

Unlike production costs or information costs, which
have been extensively studied, there is little literature
on the topic of contracting costs. Dye [1985] assumes
that the cost of writing a contract is an increasing
function of the number of contingencies in the contract.

This is "analytically convenient", but is certainly overly
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simplified.

We follow Williamson [1985], treating contracting
costs as the major form of transaction costs. There are
both ex ante and ex post transaction costs. The ex ante
costs include the costs of drafting, negotiating, and
safeguarding an agreement. The ex post costs include (i)

3 costs incurred when transactions drift

the maladaption
out of contract alignment; (ii) the haggling costs incur-
red if bilateral efforts are made to correct ex post mis-
alignments; (iii) the set up and running costs associaied
with the governance structure to which disputes are
referred; and (iv) the bonding costs of effecting secure
commitments. A key feature of the above definition is
that the contracting process is viewed as a whole. Writ-
ing a contract is only one step in this whole process.
This point is particularly important if the interaction of
ex ante and ex post contracting costs is recognized.

To make the definition more precise, we classify con-

tracting costs into the following categories:

(a) Specification Costs

Specification costs are the resources spent to clar-

3williamson [1985] uses the term adaptation to describe
the actions or processes the contracting parties take to
adjust to environmental conditions. Similarly, the term
maladaption means poor or inadquate adaptation.
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ify the characteristics of the uncertain event. This
clarification is extremely important for a contract provi-
sion since an equivocal specification will not only
increase the difficulties of verification in later execu-
tion, but also creates room for opportunistic behavior by
either contracting party so that dispute settlement costs
may be incurred with larger probability. Depending on the
nature of the uncertain events, this cost can range from
trivial to extremely high. Some events have very simple
‘scale measurements, such as net income, stock prices,
procument quantities, or ages of insurants, which are very
easy to specify in an agreement. In some cases, one math-
ematical formula can cover all events, even if the number
of events is infinite. In such cases the cost of one
event specification can be treated as trivial. 1In such a
case, only the total specification cost has meaning. 1In
the other extreme, some events have very complex charac-
teristics. For instance, the quality of a product or
service, the management effort required to establish a
well functioning division, or a manager's non-pecuniary
private benefit that does not show up in a firm's
accounts. All are very difficult to specify, or the
specification can be done only with high cost.

In intra-firm contracting, contract specifications

are often based on accounting numbers. Hence, the costs

208



to establish and run an accounting system can be viewed as

specification costs for intra-firm contracting.

(b) Ex Post Verification Costs

During contract execution, verification of a particu-
lar event realization is a necessary step in identifying
the appropriate provision to be executed. Furthermore,
verification is necessary for a third party ruling_should
a dispute between the two contracting parties arise..

Verification costs are intimately correlated with.the
specification costs. On the one hand, if an event is easy
to specify, theh its verification is also easy. This
implies a positive correlation between verification and
specification costs. On the other hand, high quality
specification will simplify the verification, which
implies a negative correlation between verification and
specification costs. For simplicity, we pool the above
two categories together. However, in doing so it must be
stressed that the specification costs always occur ex
ante, while the verification costs occur ex post. There-
fore, when we count these costs, it is necessary to spec-
ify the time point at which we account for them. We can
have an expected cost that is equal to the total specifi-
cation costs plus the expected verification costs, or a

realized cost that is equal to the total specification
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costs plus the verification costs for a particular real-
ized event. The ex ante expected value and the ex post
realized value are identical only in the special case

where we assume that the verification costs are constant

for all events.

(c) Ex ante negotiation or bargaining costs

These costs include the resources spent to find a
mutually acceptable agreement. If the transaction will
provide positive gains, then both parties have incentiﬁes
to reach an agreemerit. However, since the division of
those gains is negotiable, the parties must engage in
bargaining to arrive at an agreement. Bargaining costs
include not only the resources directly used in the pro-
cess, but also the opportunity costs born by each party
due to the delay of the transaction induced by the bar-
gaining process. These costs depend crucially on the
information structure. Bargaining when the parties have
asymmetric information incurs particularly high costs.

If contracting is ex ante complete, or there is a
commitment to non—repegotiation and the specification of
the provisions is perfect (so that there will not be any
disputes in contract execution), then the above three
categories cover all the contracting costs. However, in

general, contracts are incomplete, renegotiation is
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allowed, and disputes can arise in executing the contract.

Therefore, the following costs may arise.

(d) Ex Post Renegotiation or Bargaining Costs

Renegotiation and ex post bargaining is never desir-
able in classical comprehensive contracting since all
relevant future'contingencies are fixed in advance through
an ex ante complete contract. However, renegotiatiop is
desirable under incomplete contracting for the following
reasons. First, due to the incompleteness of the initial
contract, there may exist opportunities for improvements
through renegotiation that would benefit both parties.
The more incomplete the ex ante contract, the more oppor-
tunities there exist for such improvements. Second, there
may exist maladaption problems since not every appropfiate
adaptation can be foreseen in advance; some may not be
clear until the event materializes. Third, the parties
may interpret an agreement differently due to an equivocal
specification; a missing provision, or opportunistic
strategies. Hence, ex post bargaining can be viewed as

the complement of ex ante bargaining.

(e) Dispute Settlement Costs
Renegotiation and bargaining is often the first step

in resolving disputes raised at the time of contract
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execution. If this step is successful, then the dispute
settlement costs include only the renegotiation costs.
However, if this step fails, then a third-party ruling is
necessary. Dispute settlement costs are mainly determined
by the governance structure. Williamson [1955] points out
that different governance.structures provide different
types of third party rulings. In a market structure, the
court and legal system provide third party rulings which
are expensive and often ineffective. The high settlement
costs include the resources both'parties must spend in'the
trial process. Neoclassical law emphasizes the role of an
arbitrator in assisting the parties to resolve disputes.
It has advantage of being more flexible. Compared to
court rulings, an arbitration process lowers settlement
costs and raises settlement effectiveness. Finally, in an
integrated organization structure, the hierarchical power
in an organization provides effeetive and low cost dispute
settlements. Any dispute occurring in the organization
can be settled by a higher ranking authority and the top
management officer holds the right of final judgment.
This is the most significant feature of integrated organ-
izations.

In summary, contracting costs include mainly specifi-
cation and verification costs, ex ante and ex post bar-

gaining costs, and dispute settlement costs. 1In the model
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we present in following sections, the focus is on intra-
firm transactions. Based on the above arguments, the
dispute settlement costs in an organization are low.
Hence, for simplicity, we ignore dispute settlement costs
and focus on the other costs incurred in the contracting

process.

5.3 Basic Model Elements
We consider a transaction between a buying division
(B) and a selling division (8). To simplify, we assume

that 8 and B are risk-neutral, and that 8 supplies B with

either one unit or zero units of a product at t,. Let c
be thej“transfer cost" that 8 bears in supplying one unit
to B and let v be the "transfer value" of the transaction
to B if the product is supplied by 8. Precisely, "trans-
fer cost" is defined to be the net decrease in division
8's operating cash flows if the product is transferred to
division B, and "transfer value" is defined to be the net
increase in division B's operating cash flows if the
product is received from division 8. A more detailed
discussion of the determination of v and ¢ is provided in
a later section.

Implicitly, there is a central management that is the
final claimant to all income and expenses of the two divi-

sions, including the compensation paid to 8 and B. We
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consider the transaction from the perspective.of the
central management, who want to motivate division managers
to make optimal trading decisions and minimize transaction
costs so that the firm's net cash flow can be maximized.

From the central management's perspective, at the
time of the transfer decision is made, it is optimal to
make the transfer if, and only if, v > ¢ + TC,, where TC,
is the incremental future transaction costs requiredrto
accomplish the transfer. Note that any transaction costs
TC, incurred prior to that point in time are irrelevanf
(they are sunk costs) relative to the decision made at
that point at time. However, transaction costs incurred
at earlier stages in the process are relevant to determin-
ing the operating policies that ére implemented. Hence,
these earlier transaction costs TC, may influence those
"ex post" costs TC,. This implies that contracting costs,
ex ante and ex post, are interactive.

We assume that the managers of divisions 8 and B are
motivated to maximize their expected divisional profits.
Their objectives may not align with central management's
objective. This implies that when 8 and B are free to
make independent decisions, these decisions may conflict
with each other, and may deviate from the efficient rules.
The incentive contracts for motivating 8 and B's managers

are not explicitly modelled in following analysis. We
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focus on the factors that influence divisional profits.
The key issue is to determine the contracting strategy
that the central management should implement to efficient-
ly manage the transactions between 8 and B.

Note that we are mainly interested in the transaction
between B and 8 in this paper. Hence, "“trading occurs"
means that the product is transferred from 8 to B, and "no
trading" means B does not trade internally with S.

Observe that whether a trade occurs or not, B and 8 ﬁust
also determine their optimal actions with respect to ofher
activities in their divisions. For example, whether a

trade occurs may influence the exchanges B and 8 make with
the market.

Assume at t,, that both ¢ and v are uncertain and
randomly distributed on the intervals C = [¢,&] and V =
(v,V], respectively. The joint probability density func-
tion for v and c is f(v,c), which is assumed to be common
knowledge at t,. The values of v and ¢ will be realized
at t, and the transaction will proceed based on the con-
tract (if there is one), and 8 and B's trading decisions.

The same model is analyzed in a few other papers.
For example, Grossman and Hart [1987] use this model to
analyze the issue of vertical integration under the as-
sumptions that: (i) complete contracting is impossible,

due to the unverifiability of v and ¢, so that the con-
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tract written at t, is contingent only on the trading
quantity:; (ii) the contract can assign control to either
one of the parties; and (iii) no ex post renegotiation and
bargaining is allowed.

We reconsider this model in a different environment.

In our setting, renegotiation is always passible. Spe-
cifically, we explicitly consider contracting costs in
different regimes. We find that, under the criterion of
minimizing contracting costs, not only do we replicate
most of Grossman and Hart [1987]'s results, but we also
show that incomplete contracting is optimal in most cases.
This, in turn, provides a rationale for the use of ex ante
transfer pricing policies for repeated intra-firm transac-
tions within organizations.

We shall consider three different regimes with

respect to the nature of information about v and c.

(1) Regime 1. Contracting with verifiable in-
formation: v and c are assumed to be a
verifiable components of accounting reports
and, hence, complete contracting is poss-
ible.

(2) Regime 2. Contracting with unverifiable
information: v and c are assumed observ-
able but unverifiable and, hence, they are

ex ante non-contractible but ex post con-
tractible.

(3) Regime 3. Contracting with high ex post
bargaining costs: This represents the
cases where private information exists in
the ex post bargaining process.
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Regime 1 represents the case of complete contracting
which is the focus of classical contracting theory.
Regime 2 is the case analyzed by most of the existing
incomplete contracting literature. It represents the case
in which v and ¢ are not formally reported by any account-
ing systems, but perhaps they can be ascertained by man-
agers based on informal information that exists in the
organization. The information that managers use to make
these assessments is assumed to be publicly available to
both é and B, so that consensus about the realized valﬁes
of v and c are easy to reach. In contrast, in Regime 3,
managers may make their assessments based on private
information. This fact, plus managers' opportunistic
behaviour, will very likely create difficulties in reach-
ing an agreement in the bargainihg process. Thus, the
contracting costs may be very significant.

We analyze these three regimes separately in the
following sections. 1In all cases, the trading quantity g

= 1 or 0 is assumed to be verifiable.

5.4 Contracting with verifiable information

Assume v and c are verifiable. Observe that in this
setting all uncertainty is exogenous; there are no agency
problems. Furthermore, both parties are assumed to be

risk-neutral so that risk sharing has no value in improv-
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ing the contracting efficiency. Full trading efficiency
can be achieved either through ex ante complete contract-
ing, or ex post bargaining. The only difference between
the two alternatives is the influence of transaction
costs. Different contracting procedures to split the
trading gains between parties, given each party's bargain-
ing power, may result in different net cash flows for the

central management.

(a) Alternative 1: Ex ante complete contracting

B and 8 can contract at t, and make the contract
directly contingent on v and c. »A contract can explicitly
specify the efficient trading rule, such as:

(i) If v > c, then 8 supplies one unit to B,
i.e., g =1, and B pays 8 p,(v,c):

(ii) If v < ¢, then no trade occurs between 8
and B, i.e., g = 0, and B pays 8 p,."

Independent of p, and pmﬁ the full expected trading gain,

‘'gross of the total expected contracting costs TCP,

“The zero measure events v = ¢ are not important. When
this occurs, the trading decision can be set arbitrarily.

ﬁ% can be thought of as the damages the buyer pays the
seller or vice versa. It is a kind of penalty for a failure
to complete the transaction.
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WP - ffwc (v - ¢) f(v,c) dvdc (5.4.1)

can be realized. In Figure 5-1, the possible realizations
of all combinations of v and c are represented by the
rectangle CIKE which is separated by the line v = ¢ into
two regions. The region CIAJE represents all positive
trading gain events, while the region AKJ represents all

negative trading gain events.®

The efficient trading
rules require that trading occurs in the former but does

not occur in the latter.

From the central manager's point of view, given the
efficient trading rules specified in (i) and (ii), it does
not matter what prices p, and p, are set, because the net
cash flows to him are WP - TCP, independent of these
transfer pricesf Furthermore, it also does not matter
whether B or 8 bear the contracting costs, since these
costs will not influence trading decisions and the central
management will be the residual claimant. However, the
values of p,; and po‘will determine the allocation of the

trading gains between the divisional managers. If they

The shapes of these regions depend on the parameter
values of boundaries of V and C. Particularly, they can be
extended to infinity if either v and ¢ is distributed on
infinite intervals.
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are set properly, the divisions' incentives to make effi-
cient trading decisions can be aligned with central man-
agement's objectives. The bargaining power of each party
is exogenously given and, hence, these prices can be
determined in two steps. First, given p,, v, and ¢, p; is

chosen such that

- C<SPpD,-Dy SV _(5.4.2)

V-D 2 -D,
pP; - C 2D,

These inequalities imply that the relative price P(v,c) =
P, - P, is set such that trading is preferred by both 8§
and B whenever v > c¢. In addition, P depends on each
party's bargaining power. For example, given B's bargain-
ing power a, for each pair of v and ¢ (v > c), a Nash

bargaining solution can be found by solving’
03X (v-p)*e(P-c) 1" (5.4.3)

The resulting price is P = a*c + (l-a)ev = v - a¢ (V-C).
Using this price to evaluate the expected gains of B and

8, we have,

’see Kalai [1985] for a detailed discussion.
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EG® - [[ (v - p)ef(v,c)edvdc + ffm -p,*£(v, c) sdvdc
- ffm (v - P - p,)ef(v,c)edvdc + fL(c —p,*f(v, c) «dvdc

- aofL)c (v - c)ef(v,c)edvdc - Dy

- a‘Wp - po

EGS - ffm (p, - c)*f(v,c)edvdc + ffm Do*£(v, ) sdvdc
- ffwc (P + p, — c)ef(v,c)edvdc + fL(c DPy*f(v,c) de;dc

- (1- a)ff) (v - ¢)sf(v,c)sdvdc + p,
- (l_a).wp + Dy

Second, let G and G° denote the status quo positions of

B and 8 before they come to contract. Without loss of
generality, we assume Gg + Gf = 0; then p, is chosen to

solve

Max

o (EGB - GB)®e(EGS - G,) 1@

Max

b, (@*WP - Dy~ GF)*e[(1-@)WP + p, - Gg']*™

- Dy = GOS = —GOB
This implies that each division's net gain is determined
by its bargaining power. Note that the role of p, in con-

tracting is to adjust each party's post-contract position

based on its status quo position and its bargaining power.

The contracting costs of a complete ex ante contract
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are evaluated as follows. First, two necessary steps in
an ex ante contract are the specification of all possible
events and the verification of the realized event. 1In
this example, ex ante specification can be implemented by
specifying accounting procedures and measurements, while
verification may be accomplished by the firm's accountants
or internal auditors. Depending on the nature of v and c,
the costs involved in these procedures may vary consider-
ably. We denote these costs as CSV, which consists of the
ex ante specification costs and the expected value of fhe
ex post verification costs. Second, contract negotiation
will involve costs. For a complete contract, all negoti-
.ations occur ex ante. We denote these negotiation costs
by TCN = CN, + TCN,, where CN, is the cost of bargaining
with respect to price p,, while TCN, is the total cost of
bargaining with respect to p,(v,c), for all possible (v,c)
such that v>c. Hence, the total cost for a complete ex

ante contract can be expressed as

TCP = CSV + TCN (5.4.4)

(b) Alternative 2: "Null contract" and ex post bargaining.

B and 8 can choose a "null contract" in their t,
contract, which merely ensures a basic trading relation at

t,. This can be done through specifying a "no trade" pay-
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ment p;, which is similar to p, in the ex ante contracting

case, and reflects the bargaining power and status quo

positions of 8 and B at t1.8 Then, they must bargain ex
post for a price p,(v, c) after (v,c) is realized at t,,
if they want trading to occur. 1In this model, ex post
bargaining of p, is the same as the first step bargaining
of the ex ante complete contract since we assume that
between t, and t, nothing happens to influence 8 and p's
bargaining positions. The same Nash bargaining solution
as in the ex ante contracting case applies to the ex pést
bargaining process. |

However, there do exist differences in both the
trading behaviour and contracting cost aspects of these
two alternatives. For comparison, let us assume, for each
pair of v and ¢, that the ex posé bargaining cost for
p,(v,c) is a constant CN,, and is less than or equal to

the ex ante total bargaining costs TCNP9 Now consider

8There is an implicit assumption in our analysis, that
a division cannot refuse to bargain at t, -- they must
bargain and the results depend on their exogenously
specified bargaining power. p, ensures that the expected
gains from future negotiations and trades (or no trades)
result in expected gains consistent with their initial
bargaining power. Hence, in general, p, may not be zero.

°In general, ex post bargaining costs for p, for one
particular realization of (v,c) may be less than Lhe total
costs of bargaining for all possible realizations of (v,c).
However, if p, can be expressed as a function of v and c (as
well as a), then the costs of bargaining may be independent
of the number of realizations.
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the components of the expected contracting costs for the
null contract. First, the costs to specify and verify the
events (i.e. v and c), which are incurred for a complete
contract, are not incurred for a null contract. Second,
the negotiation costs CN, for a price p, are the same for
both contracts. Third, ex post bargaining costs will be
incurred with the probability that trading occurs. Thus,
we can express the expected contracting costs for thg null

contract as

ETC® = CN,

+ CN,*probi{Ex post bargaining occurs} (5.4.5)

Observe that, taking into account the ex post bargaining
cost, the efficient trading decision is different than in
the ex ante contracting case. Specifically, when the

realizations of v and ¢ are such that
0<v-c<CN,

then initiating the ex post bargaining process to seek a
gain smaller then the bargaining costs incurred would not
benefit the central management. Hence, the efficient

trading region is characterized by

g-1 if, and only if, v-c~CN, >0  (5.4.6)
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In Figure 5-2, the efficient ex post bargaining region is
represented by CIMNE, which is obtained by eliminating a

parallel band from the original positive trading region.

The length of MA is equal to the ex post bargaining costs
CN,.

The expected trading gains are
we - [ (v - ¢)s£f(v, c)«dvdc (5.4.7)
V> c+CNy :

It is obvious that W’ < WP and thé difference between WP
and W® depends on CN,. Particularly, it is obvious that
WP - WY is an increasing functioﬁ of CN, and if CN, = O,
WP - WY = 0. oOn the other hand, the difference between TCP

and ETC? is

ATC = TCP - ETC®
- CSV + TCN, - CN,sprob{Area CIMNE} (5.4.8)

which, in general, is positive and increasing in CN, if we
assume CN, = TCN,.'” Thus, we can prove the following

proposition.

Wrhis is to simplify our discussion. In fact, as long
as TCN, and CN, are positively correlated, i.e., TCN,
increases as CN, increases, ATC can be shown to be_in—
creasing in CN,.
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Proposition 5.1: Assume contracting costs CSV is
non-trivial, and ex post bargaining costs CN,
and ex ante total bargaining costs TCN, are the
same, then there exists a threshold value CN;
such that when CN, < CN,*,

WO - ETC® > WP - TCP (5.4.9)

Proof: (see appendix).™

A Kkey assumption in the above compariéon is that,
under ex ante complete contracting, there is no way to
avoid specification and verification costs for those (v,c)
in which trade should not occur (either because v<c or:
v<c+CSV). Proposiﬁion 5.1 says that, when the ex post
bargaining costs are relatively small, the efficiency of a
complete contract is less than a "null" contract. The im-
provement mainly results from the savings in specification
and verification costs. However, when the ex post bar-
gaining costs are relatively high, the improvement may
disappear due to a serious reduction in the trading region
and the resulting gross trading gain. This result is not
obtained by Grossman and Hart [1987] because they ignore
contracting costs. The fact that the trading region is
influenced by the ex post bargaining costs shows the
distinct nature of ex ante contracting and ex post bar-

gaining. Ex ante contracting costs are incurred before

"All the proofs of propositions are presented in the
appendix if they do not appear following the propositions.
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the realization of uncertain events, while ex post bar-
gaining occurs after the realization of the events. The
differences in the efficient trading regions, i.e., the
marginal region MAJN in the Figure 5-2, will be called the

marginal adjustment and denoted as M.

If the central management can control the trading
decisions made by divisions, then who will bear the ex
post bargaining costs again does not matter. However, if
this is not thg case, then there may be incentive issues.
For example, in the next section, we consider the case.in
which v and c¢ are unverifiable to the central management.
Then, if divisions do not bear tﬁese costs, 8 and B will
have incentive to trade in M even if the net benefit is
negative. To align this divergehce, it is better for the
central management to allocate these costs to divisions.
When CN, is borne by the divisions, they will make trading
decisions consistent with the efficient trading rules.

The above analysis demonstrates that even when con-
tracting information is verifiable, complete ex ante
contracting may not be economically efficient if the
contracting costs are non-trivial. This is consistent
with the observation that incomplete contracts are exten-

sively used in the real world.

5.5 Contracting with unverifiable information
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Assume that v and c are observable by 8 and B, but
unverifiable by the central management. This is the
extreme case of Regime 1 in which the verification costs
are prohibitively high so that CSV is very large. Hence,
ex ante complete contracting is impossible. However, if
the ex post bargaining costs are small relative to v and
c, then the null contract we analyzed in the last section
can be applied to fulfill an efficient trading result. 1In
this section, we assume CN, is small relative to both'v‘
and ¢ and other contracting costs such as CSV. We shail
show that, in this setting, the null contract can be
improved by an incomplete ex ante contract.

An alternative to a null contract is to make the ex
ante contract contingené on available information that is
easy to specify and verify, e.g., the quantity q to be
traded. Such a contract may be inefficient ex post but
the inefficiency can be corrected through ex post bargain-
ing. One commonly used example is to specify a trading
price p, independent of the uncertain events, in addition
to a null contract:

B pays 8 p, if g = 1, and p, if g = 0.

In addition, the contract should specify some rule to
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govern the trading decision. Examples of the latter

are:
(a) Independent trading relationship or non-in-
tegration (NI): Each party can decide
whether to trade or not. This results in g
= 1 if, and only if, both parties are will-
ing to trade.
(b) Buyer control (BC): B has the power to de-
termine whether there is trading or not.
This results in q = 1 if, and only if, B is
willing to trade.

(c) Seller control (SC): 8 has the power to de-=

termine whether there is trading or not.
This results in q = 1 if, and only if, 8 is -
willing to trade.

These rules, in combination with the parties' ex post
decisions, determine the quantity traded. As we shall
see, this will reduce ex post bargaining costs. We first
use the non- integration relationship to illustrate the
nature and cost of such a contract. The rule NI and a
pair of prices p, and p, determine the following trading

rule:

g=1 if, and only if, ¢ < Ps v (5.5.1)

where P = p; - pg-

Insert Figure 5-3 here

2Another case is one in which both 8 and B have no
control of the trading decision. This implies that the
central management must make the trading decision for the
two divisions. That is in conflict with the concept of
decentralized firms and, hence, we exclude this case from
our analysis. Thanks to Rajiv Banker for comments on this
point. 229



In Figure 5-3, the price P divides all possible events
into six regions and only the events in region I satisfy
the conditions given by (5.5.1). Therefore, without
contract renegotiation, trading will only occur in region
I (BCDF), where B pays 8 price p, for the transfer of the
product. Transfer will not occur in all other regions
because either v < P or P < ¢ or both, so B pays p, to 8
for no transfer. Thus the contract covers all possiﬁle
states. The costs of this ex ante contract can be evaiu-
ated as follows. The costs for specifying and verifying v
and ¢ are not incurred. The cos#s to specify a pair of
prices p, and p, are negligible. .The costs to bargain
over a pair of prices is equivalent to bargaining for p,
in the null contract case. The prices are chosen such
that the ex ante post-contract positions are adjusted to
reflect each division's bargainihg position and power. (A
detailed discussion appears later). Hence, it is reason-
able to assume that these costs equal CN,. That is, the
ex ante cost of this contract is essentially the same as
for a null contract.

However, the trading result for this contract is not
efficient because there are states, represented by region
ITI (DFJE) and III (AFBI), in which the trading gain is

positive and trading should occur, but it will not occur
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under this contract. For instance, in III where ¢ < v <
P; - Py, 8 is willing to supply because p, - ¢ > p;, but B
is unwilling to buy because v - p, < -p,. Based on this,
Grossman and Hart [1987] conclude that this incomplete
contract will result in an efficiency loss in areas II and
III. This is certainly correct if renegotiation is not
allowed. 1In our setting, however, much of this ineffic-
iency can be corrected through renegotiating the priqe.
Consider, say, a state in III is realized, so that trading
will not occur because B is unwilling to buy, as mentiéned
above. This results in an opportunity loss for 8. Since
both B and 8 can observe ¢ and v, they can renegotiate a
new price p, which is lower than p, such that B is willing

to buy under the new price p,. For example, let CNS and

CN®, with CN° + CN® = CN,, represent 8 and B's shares of
the ex post bargaining costs, respectively. Then, any new

price P, such that

c+CNS<p, -p,<v-CNPB (5.5.2)

\ will induce B to buy because now v - CNB - B, 2 -p, and 8
is still willing to supply because p, - c - CNS > pP,- This
new contract induces trading and both parties are better
off than not trading under the initial éontract. Again,

the new price p, depends on the bargaihing power B and S

have in the renegotiation. Since the allocation of the
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gain is not an important issue in the following analysis,
we consider any bargaining result that satisfies (5.5.2).
Our only concern is that B and 8 have an incentive to
reach an agreement on ﬁ1'through bargaining so that trad-
ing will occur and efficiency will be regained in region
IITI.

In the above discussion, we have taken into account
the ex post bargaining cost CN,. For the reason givep in
prior discussion, we assume the ex post bargaining césts
are born by B and 8. Therefore, ex post bargaining wiil
not occur in the whole region IIi, nor will transfers.

For events where v - c < CN,, the benefit net of contract-
ing costs is negative, so that corrective action is not

worthwhile. Therefore, part of the marginal region M must
be eliminated from II and III. The marginal adjustment of
the region III is the overlapping region of M and III. We

shall denote it M;;, and denote the other marginal adjust-

1
ment regions in the same way. In Figure 5-4, M;;,, is re-

presented by the parallel band inside region ITI.

Ex post bargaining incurs cost CN,, and the probabil-
ity of bargaining is represented by the probability of
region II and III, subject to marginal adjustments. Hence,

where ETCY' represents the expected contracting costs of
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ETCM = CN, + CN,*problII + III - M;; - M} (5.5.3)

the incomplete contract with the NI governance rule.
Comparing (5.5.3) with (5.4.5), it is obvious that ETCM <
ETC? because the null contract requires ex post bargaining
in areas I + II + iII - M - M, - M, . Inwords, the
NI-contract is less expensive than the null contract be-
cause of the reduction in the ex post bargaining costs
(resulting from increased details in the ex ante con-
tract). Furthermore, the resulting ex ante trading gain
is also a little larger than W, because in M, (marginal
region in I, which is a small triangular region in Figure
5-4), trading will occur without ex post bargaining.
Therefore, the net benefit of the NI-contract is greater
than for a null contract.

Proposition 5.2: An optimal ex ante incom-

plete contract, in which a pair of prices and an

NI governance rule are specified, will result in

a higher net gain for the central management,

i.e.

WML _ ETCN > WO - ETC® (5.5.4)

Cost evaluation (5.5.3) provides a different cri-
terion for choosing p, and p,. Grossman and Hart [1987]

claim that B and 8 will choose P = p, - p, to maximize the

BThe preceding arguments sketch the proof of this
proposition. i ’
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expected trading gain

m%x WNT o m%x pr (v-c)of(v, c)s«dvdc (5.5.5)
c<P

We suggest that P be chosen to maximize the no bargain

trading region I (BCDF),
X prob{n - m%f’fj;P £(v, c)«dvdc (5:5.6)
c<P ’

or, equivalently, to minimize the bargaining probability

of (II + III), excluding the marginal region (M, +M;,) in
these areas,
N30 prob{ IT+IIT-My-Mp,,} (5.5.7)

The intuition here is clear. Since the trading gains can
be guaranteed, economizing contracting costs is a reason-
able criterion for setting ex ante contracts. Given
(5.5.7), the ante bargaining process with respect to p,
and p, can be simplified to bargaining with respect to p,
only. Since, once p, is determined, P can be obtained
from (5.5.7), we immediately have p, = P + p,.

Now let us evaluate the contracting costs for the
trading relationship under buyer and seller control gov-
ernance rules. A buyer control rule, in combination with

a pair of prices p, and p;,, induces a trading rule
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g=1 if, and only if, v > P (5.5.8)

In Figure 5-4, we can see that the trading region (I+II+V}
(BCEG) satisfies (5.5.8), so that trading will occur in
this region without contract renegotiation. Compared with
an NI-contract, this contract results in efficient trade
in region I and II but introduces inefficiency in region
V. Since in region II, v > ¢ > p,-p,, 8 is unwilling to
supply the product since p, - ¢ < p,, while B is willing
to buy since v - Py > -p,- Now B need not ask for reneéo—
tiation, but can simply use his control to force § to
supply even if 8 will incur a loss. This result is Pareto
efficient and, hence, there is no renegotiation that can
be réised by 8 that will be accepted by B.

The story for an event in region V is totally differ-
ent. Since ¢ > v > p, - p,, B wi;i decide to trade for a
gain of v - P even though 8 will incur a loss of c - P.

However, now 8 can propose a new price P, such that

v-CN® <p, - B, s c+CN’ (5.5.9)
i.e., 8 can reduce the no trade price p, to p; inducing B
to make a no trading decision. Under (5.5.9) B prefers no
trade since v - CN® - p, < -p, and 8 is better off by not
trading since B, 2 p; - ¢ - CNS. 'So the new contract makes
both parties better off and will be accepted. As a conse-

quence, most of the inefficiency in region V is corrected.
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Again the correction is incomplete due to marginal adjﬁst—
ment M.

The inefficiency in III can be corrected in the same
way as in case NI. This implies that the probability of

ex post bargaining under BC is determined by (III + V -
Mgy - M),
ETCB® - CN, + CN,*prob{III + V - M, - M,} (5.5.10)

Furthermore, the ex ante prices P, and p, under BC should
be chosen to minimize prob(III + V - M, - M,} instead of
prob{II + III - M;;, - M;;} in case NI. Similarly, an

analysis for the seller control case will result in

ETCS® - CN, + CN,*prob{II + IV - M, - M;;;} (5.5.11)

and the ex ante prices p, and p, under SC should be chosen
to minimize prob(II + IV - M,, - M, }. Similar to Proposi-

tion 5.3, we have following proposition.

Proposition 5.3:'% Both a BC-contract (a pair
of prices and a B control governance rule) and
SC-contract (a pair of prices and an S control
governance rule) result in larger benefits net
of contracting costs for the central management
than does the null contract, i.e.,

wBC_ETcBC>W0 _ETCo (5-5.12)
WS¢ -~ ETCS¢ > W° - ETC® (5.5.13)

“The preceding arguments sketch the proof of this
proposition.
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From (5.5.3), (5.5.10), and (5.5.11), and the discussion
above, we conclude that different trading relationships
result in almost the same trading gains but different
contracting costs. Economizing contracting costs
requires: (i) choosing a suitable trading relationship,
i.e., appropriately assigning control between the two
trading parties; and (ii) choosing suitable ex ante
prices. We summarize the results in the following prop-

osition.

Proposition 5.4:' Depending on parameters ¥,

v, €&, and ¢, the advantage of different trading
relationships NI, BC and SC can be ordered by
their ex post bargaining probabilities

prob{II™ + 111% - MiF - M5}
BC S
prOb{IIIBC+ VBC_MIII-MIVC} (5.5.14)
prob{IIs¢ + IvsC - M;f - Mpr
where all probabilities are minimized by appro-
priately choosing ex ante contract prices Py and

pP,- The best trading relationship corresponds
to the smallest probability.

Proposition 5.4 provides the same results through
contracting cost anaiysis as those obtained by Grossman

and Hart [1987] through a trading gain comparison. The

>The preceding arguments sketch the proof of thlS
proposition.
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calculation of probabilities in (5.5.14) is much simpler
than the gains. 1In addition, our result can apply even if
v and c are correlated. The correlation may influence the
calculation of these probabilities, but the proposition
itself will not be affected.

Our analysis has implicitly assumed that the prob-
abilities of both the v > ¢ region and the v < c region
are strictly positive. If this is not the case, then some
of the six regions created by the price P will have éerob
probabilities. For these corner solutions, we have fol-

lowing proposition.

Proposition 5.5: If prob{(v > ¢} = 1, then all
probabilities in (5.5.14) are zero.

Proof: prob{v > ¢} = 1 implies v > &. Set v > P

> € under any rule, then all probabilities in
(5.5.14) are zero.

Q.E.D.
Clearly, when all ex post bargaining probabilities

are zero, the governance rule can be selected arbitrarily.
For the rest of the paper, we shall rule out this trivial
case and assume 0 < prob{v > c} < 1, i.e., v < & and Vv >
c. If we impose moré restrictive distributional assump-
tions, we can directly calculéte the probabilities in (5.
5.14). First, assume that v and c are independent of each

other, i.e.,
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f(v,c) = ¢(v)ey(c) (5.5.15)

where & and ¥ are the respective cumulative distribution
functions. The following proposition provides the optimal

prices under various governance structure for this set-

ting.

Proposition 5.6: Assume 0 < prob{v > c} < 1, v
and c are independently distributed, and & (v)
and Y(c) are differentiable distributions with -
density functions ¢(v) and y(c). In addition,
assume that the optimal P = p, - p, which mini-
mizes the ex post bargaining probabilities are
interior solutions. Then P is set to satisfy:

(i) under BC,

400

p
® (P) [f ¥ (c)dc - f ¥ (¢) de]
—oo P

+ ¢y (P) {[®(P)-D (P-CN) ]
- [®(P+CcN)-D (P)]} = O (5.5.16)

(ii) under ScC,

+00

P
¥ (P) [f é(v)de - fd)(v)dc]

P
+ ¢(P) {[P(P)-P(P-CN) ]
- [P(P+CN)-F(P)]} =0 (5.5.17)

(iii) under NI,

Y(P)e[1 - ®(P)] = P(P)edp(P) (5.5.18)
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If P ¢ VUC (a corner solution), P is set to the
boundary of VuC.

One can provide a sharper characterization of the
results of Proposition 5.6 under the BC and SC governance
structures if more restrictive assumptions are made. For

example, if CN, is small relative to P, then we have

[®(P) - ®(P-CN)] - [®(P+CN) - ®(P)] ~ 0 (5.5.19)

Thus (5.5.16) becomes, assuming ¢(v) > 0 V_v,

P +o0
fw<c)dc~f¢(c)dc - Y(p) ~1 - F(P)
- )

which implies that
1
TP ~
(P) >

This means that the solution of (5.5.16), to be denqted as
P8¢, approximately equals the median of ¥(c). Similar
arguments apply to SC, where P 'is approximated by the
median of ¢ (V).

If ¢(v) is uniformly distribﬁted, then $(v) is linear
in v so that (5.5.19) becomes an exact equality. In this
special case, under BC, P% equals to the mean of y(c)
and, under SC, PS® equals to the mean of ¢(v). With this
we have proved parts (i) and (ii) of the following corol-

lary.
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Corollary 5.7: If v and ¢ are independently and
uniformly distributed on [v,V] and [¢,&], re-
spectively, then the optimal prices which mini-
mize the ex post bargaining probabilities are:

*

(1) P =" = (¢ + &) /2

*

(ii) PS¢ = v = (v + ¥)/2;

(iii) P = (¢ + V) /2.

To provide additional intuition about the abover
analysis, Figure 5-5 depicts the differgnt price settings
for a given set of parameter values. We see from thié
figure that different prices result in diffefent sizes of
bargaining regions. In general, the ordering of thé
prices shown in this figure, i.e., P¢ > P"!' > P8, holds

except when some prices are corner solutions.

Proposition 5.6 provides conditions that are sat-
isfied by the optimal price settings; We have shown that
if the distribution functions are differentiable, the
optimal prices can be approximated by the median of the
corresponding density functions under BC and SC. The
precision of the approximation depends on the magnitude of
the ex post bargaining cost CN, and the shape of the
distribution functions. The smaller is CN, and the flat-

ter is the distribution density function, the closer is
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the optimal price P to the median of the distribution
function. Specifically, when the distribution is uniform,
Corollary 5.7 shows that P exactly equals the median
(which equals the mean) of the distributions. Thus, the
optimal price settings when v and c are independently
distributed are completely characterized. .

Based on Corollary 5.7, it is straightforward to

prove the following proposition.

Proposition 5.8: Assume that v and c are inde-
pendently and uniformly distributed on [v,¥] and
[c,&], respectively. Suppose also that v > ¢
and v < &, i.e., 0 < prob{v>c) < 1. Then'

(a) if v > & > ¢ > v, then BC is optimal
*

and P = ¢ ;

(b) if ¢ > ¥ >V > ¢, then SC is optimal

and P = v ;

(c) if v > & > v > ¢, then BC and SC are
better than NI,
(i) if BC is optimal then P

c*
(ii) if Sc is optimal then P = V"

we wo

(d) if e > ¥

> > v, then NI is optimal
and P = (c

c
+ V) /2.

The different parameter cases are depicted in Figure
5-6. 5-6(a) represents the case in which the variation of

v is larger than the variation of c and, hence, region III

“The following categories exhaust all non-trivial
situations. '

242



and V is relatively smaller than the other regions. This
implies that the ex post bargaining probability will be
smaller in the BC case. 1In 5-6(b), the reverse is true,
so SC is optimal. 1In 5-6(c), IV and V are relatively
smaller than II and III, so that both BC and SC will be
superior to NI. Which of BC and SC is optimal depends on
the comparision of {(II + IV} and {(III + V}. For the
figure depicted, SC is better than BC. Finally, in 5-
6(d), II and III are smaller than IV and V, so NI is \

optimal. Note that for simplicity, we do not mark off the

marginal adjustments in Figure 5-6.

Proposition 5.8 characterizes the optimal governance
structure in terms of the exogenous parameter sets V and C
only. The results are similar to those reported in Prop-
osition 3 of Grossman and Hart [1987]. However, by ex-
plicitly defining and minimizing the contracting costs and
allowing ex post renegotiation, we expand the trading
region to include almost all areas with positive trading
gains, except a narrow band of marginal adjustment
regions. Thus, we conclude that an incomplete contract
which specifies a couple of prices and a governance struc-
ture can result in almost full production efficiency while

at the same time minimizing total contracting costs.
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When v and c are correlated with each other, an
explicit characterization of the ex ante prices is diffi-
cult in general. However, since Proposition 5.4 still
applies, numerical procedures can be used to identify the
optimal governance structure and corresponding prices. A
general procedure follows. First, solve the following
problems for P8¢, PS¢, and P¥, respectively.

max ff +ff f(v, c)dvdc
P {c<veP n vr vy} P¢vee n o> veen,)

1-

B [ +f{ £(v, c)dvde
P | {P<cev n v>cromy) {v<c<P n o> v#GV,_)‘

m%ﬁ ff +ff f(v,c)dvdc
P {P<cev N vrcrany) {o<veP n v oramy)|

1

Second, compare the maximum values of (5.5.20), and select
the governance structure that corresponds to the minimum
value. |
Finally, an interesting question is whether there is
another incomplete contract that is more efficient than
those analyzed above. It seems quite unlikely if we
restrict our analysis to the two contracting parties
because a contract with a pair of prices has exhausted all
available contractible information, i.e., the trading
quantity. However, if the central management has a more
extensive role in the contracting process than is assumed
in the prior analyses, then, even if v and c are unverifi-

able, a more efficient contract may exist. We delay this
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issue to the next section.

5.6 Contracting with Large Ex Post Bargaining Costs

In the last section, most of our analysis assumes
small ex post bargaining costs. 1In fact, larger ex post
bargaining costs strengthen the results of Proposition 5.2
and 5.3. In other words, an incomplete contract with a
pair of prices and a governance rule is much better than a
null contract when CN, is large. To see this, let us go
back to Figure 5-4. We can see that if CN, becomes lafge,
the marginal adjustment M, becomes significant. This
implies that the increased trading gain resulting from the
ex ante prices is increasing in CN,. Observe that the
other influences of a large CN, to both a null and an
incomplete contract are the same. Thus the improvement of
an ex ante incomplete contract relative to a null contract
is more significant when the ex post bargaining costs are
large.

The case of small ex post bargaining costs corre-
sponds to symmetric information situations. This is why
we assume a symmetric information structure for both ex
ante and ex post contracting in the last section. Hence,
in that setting, the bargaining games, both ex ante and ex
post, are ones of complete information, i.e., each party

knows the other party's position with certainty. As shown
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by Rubinstein [1982], while almost any outcome can be
supported as a Nash equilibrium, there exists a unique
subgame perfect equilibrium, in which one party, based on
his bargaining position, makes an offer, which the other
party immediately accepts. This implies that the bargain-
ing costs involved in such games should be relatively low.

The case in which ex post bargaining costs are large
corresponds to situations in which information asymmetry
exists. If either or both realizations of v and c are not
- publicly observable by both B and 8, then the two parties
possess different information when they enter into ex post
bargaining for price P. Thus, the bargaining games in
these cases are ones with asymmetric information. For
such a game, each party must acquire information about the
other party's bargaining position during the bargaining
process.

The literature on bargaining with imperfect informa-
tion demonstrates that such bargéining may be very costly.
For example, Grossman and Perry [1986a] analyze such a
game in which two parties bargain over the price at which
an item is to be sold. The seller's valuation is common
knowledge but the buyer's valuation is known only to the
buyer. Each party, in turn, makes an offer. The other
party either accepts or responds with a counteroffer. As

they bargain, their payoffs are discounted over time, so
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that both have an incentive to come to an early agreement.
They find that with asymmetric information, the sequential
equilibrium concept does not result in a unique outcome
for the game. Instead the concept puts very little res-
triction on how the parties divide the surplus from their
trade or how long it takes to reach an agreement (i.e.,
how many offers and counteroffers are necessary to reach
the equilibrium price). They show that the set of. out-
comes of the bargaining game can be greatly refined by the
concept of perfect sequential equilibrium which is devél—
oped in Grossman and Perry [1986b]. Under some weak
assumptions, they find that the game has a unique candi-
date perfect equilibrium which consists of an equilibrium
price and a length of the bargaining time. The former is
determined by the positions of both parties, i.e., their
types or true valuations. The latter depends on the
impeffectness of the seller's information about the buy-
er's type. The less ihformative is the seller's knowledge
about the buyer's valuation, the more offers and counter-
offers are necessary to reach an agreement. This implies
that larger bargaining costs will be incurred and trading
gains will be more heavily discounted.

Related to our analysis, from a contracting cost
point of view, Grossman and Perry have shown that bargain-

ing with asymmetric information may involve very high
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bargaining costs. These costs include not only the
resources used to make offers and counteroffers, but also
the opportunity costs due to delaying or forgoing trades
with positive gains. The following observation summarizes
the above discussion and serves as a connection between

the bargaining literature and our analysis.

Observation 5.9: When either or both realiz-
ations of v and ¢ are not publicly observable by
8 and B, ex post bargaining costs CN, will be
larger than that in symmetric information cases.

Based on Observation 5.9, when ex post information
asymmetry exists, a null contract which requires ex post
bargaining for every event at which trading occurs must be
very inefficient. On the one hand, when CN, is large, the
marginal adjustment region becomes so substantial that
trading occurs only in a small part of the positive gain
region. On the other hand, even if a trading occurs, the
net gains will be much smaller because of the big bargain-
ing costs. Hence the expected net total gains will be
very low. ‘

Observe that if ex ante complete contracting is
impossible, the only choice left is incomplete contract-
ing. Since we have assumed that 8 and B have homogenous

prior beliefs, when they come to bargain for an ex ante
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contract, i.e., a pair of prices and a governance struc-
ture, there does not exist information asymmetry at that
date. Hence, the ex ante contracting costs are the same
as in the public information cases in the last section.
Once an ex ante contract is agreed upon, ex post trading
decisions only invblve comparisons between the prices and
each party's valuation of v or c¢. Whether the valuations
are public or private, as long as v > P > ¢, trading will
always be the best choice for both parties. Trading will
occur in region I without any influence of ex post infér—
mation asymmetry. We summarize the above discussion in

the following proposition.

Proposition 5.10:' When either or both real-
izations of v and c are not publicly observable
by S and B, an incomplete contract with a pair
of prices p, and p, and a governance structure
will be more efficient than a null contract.

The significance of Proposition 5.10 is that it
extends the validity of the analysis in the last section
to the asymmetric ex post information case. The criteria
for choosing optimal governance structure and for setting
of ex ante prices remain effective even if there is ex

post private information. This is because these criteria

"The preceding discussion sketches the proof of this
proposition.
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are derived by the principle of minimizing the ex post
bargaining probability, which is valid whether ex post
bargaining costs are small or large.

Now let us consider the question raised in the last
section: are there any other incomplete contracts which
would be more efficient than the one we have analyzed.

The answer is a conditional YES. If some other mechanism
can be introduced, contracting efficiency may be improved.
Note that in prior analysis, we implicitly assumed that
the contract must balance the transaction between B and s,
i.e., what B pays must be equal to what 8 receives. This
"single" pricing policy is necessary when no other mechan-
ism can be used, and it also has the feature that it
automatically results in a maximum trading region without
4introducing misincentives to trade in the negative gain
region. This can be seen by noticing that the lines v = P
and ¢ = P intersect on the line v = ¢, which separates
the positive and negative gains regions. Now we relax
this restriction by assuming that the central management
will permit the price received by 8 to differ from that
paid by B. This makes it possible for a "dual" pricing
contract in which three prices (pf, pﬁ, pPy) can be set,
along with a governance structure. We shall show that
when ex post bargaining costs are high, a "dual" pricing

contract may be more efficient than a "single" pricing.
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contract.

First note that it is never desirable to set P < P
(where P* = p°® - p,, PP = p® - p;) because such a contract
is always dominated by a single price P = P®. This can be
seen in Figure 5-7 where P%' < P®, so the lines ¢ = P! and
v = P® intersect at R, inside the positive gains region.
The area I governed by this contract can always be
expanded by increasing P%' to make the intersection reach
the line v = ¢, i.e., P® = P®. Therefore, a Pareto iﬁ-'

provement can only occur when PS > PB,

We take the NI governance rule as an example. 1In
Figure 5-8, P'' is the optimal price under NI governance.
Let P° > P! > P® and define a dual pricing contract (p,5,

p®, pP,) such that P = pS - p,, P* = p,°

- P,- This means
that if a trade occurs, B pays p,® while S receives p,°.
The difference p,° - p,’ is covered by the central manage-
ment. As depicted in Figure 5-8, there are two differ-
ences between this contract and the NI-contract. First,
region I - M, is expanded to include the areas BB'M'S and
DTN*D", which implies a reduction of the ex post bargain-
ing probability and the expected bargaining costs. At the

same time, M, is expanded from STF to include areas M"XFS

and TFYN®, which represents an increase in expected trad-
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ing gain without incurring bargaining costs. These bene-
fits will be particularly significant when CN, is large.
Second, a dual pricing contract will always introduce
misincentives to trade in the negative gains region. As
shown in the Figure 5-8, 8 and B will trade in the tri-
angle XYF" which will result in negative gains. This
inefficiency cannot be corrected by contract renegotia-
tion, and represents a deadweight cost of the dual p:icing
contract. When the benefit of a dual pricing contraét'
exceeds its deadweight cost, a Pareto improvement over.a

single pricing contract is realized.

An optimal dual pricing contract can be found through
choosing P® aﬁd P® to maximize the difference of the bene-
fits and the costs. The detailed mathematics is very
similar to what we have already provided in the last

section and, therefore, will be omitted here.

5.7 Transfer Pricing for Economizing Contracting Costs
Transfer pricing in decentralized organizations is a
very important but difficult and frustrating topic. Many
researchers have examined this topic from different direc-
tions, yét our understanding of it is far from complete.

Eccles [1985] provides a detailed summary of the existing
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theoretical and empirical literature. He also presents a
clear picture of the transfer pricing problem from a
practitioner's view point. The main contribution of his
work is that he points out a direction for further
research in this area. 1In particular, he claims that
transfer pricing policy must depend on corporate strategy
and administrative processes. Hence, no single policy is
a solution for every situation. Prior analytical research
in this area typically seeks to characterize the natﬁre of
an optimal transfer price under some specified set of
conditions. The results are helpful, but are rather
narrow in their scope.

Eccles' arguments imply that any transfer pricing
model in which the organization strategy is ignored cannot
capture the core of the problem. Hence, its explanatory
power and assistance to practitioners must be limited. To
view a transfer price as a simple variable in an organiza-
tion's production decision, as in most economic theory and
mathematical programming transfer pricing papers, overly
simplifies the problem. Transfer pricing policy is a
complex function of many variables. The most important
one is corporate strategy.

Unfortunately, Eccles does not clearly state what he
means by "“corporate strategy". Based on transaction cost

economics, corporate strategy can be interpreted as the
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way by which a firm manages its various transactions. For
example, a firm must decide whether a particular transac-
tion should be conducted in the market or within the
organization. If it is better to perform a transaction
among its divisions, what is the most economical way to
conduct it. From this perspective, transfer pricing
itself is a part of the corporate strategy in dealing with
intra-firm transactions. Hence, transfer pricing policy
must be chosen to economize transaction costs. |

A detailed analysis of transfer pricing is beyond'the
objective of this paper. However, it is worthwhile to
point out that our basic model has provided a new basis
for examining this complex topic. ITo support our claim,
in this section we discuss how the basic results of our
analysis can be used to model intra-firm transfers. We
find that the firm's behaviour in setting ex ante prices
endogenously derived in our model is quite consistent with
Eccles' empirical evidence.

We start with an exploration of the possible nature
of the transfer value and cost. For simplicity, we pro-
vide some examples only. Let D, represent the product B
wants 8 to transfer, and assume that B uses D, to produce
D, for external sale. Most obviously, a division's valu-
ation of the transfer is influenced by its operating con-

ditions. The following examples describe three possible
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conditions under which the selling division might be

operating.

(a)

(b)

(c)

If division 8 has excess capacity, then the
transfer cost is equal to the incremental
out-of-pocket cost of producing the trans-
fer product D;,. The latter will often be
the variable production costs.

If division 8 can sell the transfer product
D, in the market (and will forego the sale
1f it is transferred), then the transfer
cost is equal to the market price of D
minus any selling costs incurred on exLer-
nal sales but not incurred on internal
transfers.

If division 8 is operating at capacity and
will forego the production and sale of an-
other product D, if the original product
D, is produced or transfer, then the tran-
sfer cost is equal to the incremental out-
of-pocket cost of producing D, plus the
revenue lost from the sale of Dy minus the
incremental out—of-pocket cost of producing
and selling D; that is avoided.

The following examples describe three possible condi-

tions under which Division B might be operating:

(a)

(b)

(c)

If division B has excess capacity and lacks
an alternative source of the transfer prod-
uct D,, then the transfer value is equal to
the revenue from sale of D, minus the in-
crenental out-of-pocket cost of processing
D, to obtain and then sell D,.

If division B can acquire D, from an exter-
nal source if D, is not supplied by S, then
the transfer vaiue is equal to the external
purchase price of D, plus any acquisition
costs that would be avoided if acquired
internally.

If division B is operating at capacity and
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would forego the production and sale of
another product D, if it produced D,, then
the transfer value is equal to the revenue
from sale of D,, minus the incremental out-
of-pocket costs to process D,, minus the D,
revenue lost, and plus the incremental out-
of-pocket cost of producing and selling D,
that is avoided.

From these examples, we can see that the valuations
might have the following characteristics.

(a) Uncertainty -- Both valuations are influenced by
the input and output prices and demands that are deter-
mined in the market. A key characteristic of the market
is its uncertainty about demand and price. Therefore, the
valuation of v and ¢ for any future transfers must involve
randomness.

(b) Unverifiability -- The valuations are based on
observations of events that are difficult to document but
which significantly influence the managers' expectations
about the cost or value of the transfer.'® For example,

a key element in determining the transfer value and cost
is the division's opportunities to trade in the market,
which is never reported by any accounting system. There-

fore, it is very difficult to establish formal accounting

procedures and measurement criterion to report these valu-

8Keep in mind that v and c are expectations based on
all the information available to the managers at the time
they make their transfer decision.
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ations.

(c) Unobservability -- The valuations may depend on
many events that are privately observed by the managers.
In other words, the realizations of many events may not be
publicly observable. For example, events influencing
market demand, divisional capacity, out-of-pocket produc-
tion costs, the demand for other products a division could
produce, are all possible events that may be observed by a
divisional manager only. Therefore, the valuations ihem—
selves may be private information.

(d) Complexity =-- The valuations are based on mul-
tiple.factors and many of these factors are multi-dimen-
sional. For example, selling costs and acquisition costs
include various expenses, some of which may not be direct-
ly measurable. Hence, the specification and verification
of v and ¢ may be difficult.

These valuation characteristics are consistent with
the assumptions we made in this paper. They imply that ex
ante complete contracting is very expensive or impossible
for intra-firm transactions in most cases. Furthermore,
ex post bargaining may be costly due to asymmetric infor-
mation. Therefore, our conclusibn that incomplete con-
tracting is optimal in managing transactions with the
characteristics mentioned above, indicates that incomplete

contracting can be used to develop useful transfer pricing
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models.

Oour results can be directly applied to the special
case in which no ex ante investments are necessary (e.g.,
S and B are well established divisions and capacities for
producing the transfers are available) and transfers are
repeated. To see this, assume that each period B will
need one unit of the product D,. Assume the transfer
value of D; if it is supplied to B by 8 is v,, and the
transfer cost 8 bears to supply it is ¢, as determined at
the date t. v, and ¢, are independent ran@om variables
with identical uniform distribution fuﬁctions on V and C,
respectively.

Depending on the governance rule that is used, the
one period contracting costs can'be represented by (5.5.
3), (5.5.10), or (5.5.11). Let r be the interest rate per
period. The expected net present value of the total con-
tracting costs for an infinite number of periods can be

represented as'’

+r
ETC B¢ - CN,+ 1r CN,*probl IIT1+V-M; ,~M,) (5.7.1)
ETC ¢ = CN,+ 1? CN,sprobl IT+IV-M ~M;,} (5.7.2)
1+r

ETC M = CN,+ CN10pIOb{II+III—MII_MIII} (56.7.3)

r

YEvaluated at t=0.
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where CN, is the ex ante negotiation cost for the price p,
and p,, and CN, is the ex post bargaining cost for new
price p, or p,. As usual, we ignore the trivial costs to
specify the ex ante contract. This implies that, in ex
ante contracting, the optimal governance rule and ex ante
prices should be set in the same way as in the one period
case given by Proposition 5.3, 5.5 and 5.7. Thus, our
model predicts that for repeated intra-firm transfers, the
best ex ante contracting process is: (i) to choose a gov-
ernance rule; (ii) to specify a price p, based on the
governance rule selected; and (iii) to choose a price Py
such that each division's ex ante expected gain is con-
sistent with its ‘status quo position and its bargaining
power. After the transfer price is set and the divisions
learn v, and ¢, they can decide whether to transfer the
product or not, or propose to renegotiate the prices based
on the value of v, and ¢, realized in each period. The
transfer price should be consistent with the governance
rule. The latter in turn, depends on the relative vari-
ations of v and c¢c. From Proposition 5.8, we know that
(a) When the variation of v is bigger than that

of ¢, then control should be assigned to B,

and_the corresponding transfer price is p,

= ¢ + p,. That is, under BC, the optimal

transfer price is determined by the mean

transfer cost.

(b) When the variation of c is bigger than that
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of v, then control should be assigned to 8,
and the corresponding transfer price is p,
=V + p,. That is, under SC, the optimal
transfer price is determined by the mean
transfer value.

(c) When v’ > c*, BC and SC are better than NI.

(d) When v' < ¢, then it is optimal to let the
two divisions share control. The transfer
price should be set equal to P, = (¢ + V)/2
+ p,, which satisfies

v+vV c+ Vv c+C

vV - < < -c*
2 2 2

That is, the transfer price depends on both
the transfer cost and the transfer value.

In summary, it says the transfer price should be set
based on either the mean of B's transfer value or the mean
of 8's transfer cost or both. Eccles [1985] shows empiri-
cally that most transfer price policies belong to one of
the following categories: (i) coét.based pricing; (ii)
market price based pricing; (iii) negotiated pricing; and
(iv) dual pricing. We can show by examples that the
optimal transfer pricing policy predicted by our model is
consistent with his empirical observations. To see this,
let us refer back to the examples about 8 and B's oper-
ating conditions given in this section.

The three examples of 8's operating conditions show
that the transfer cost may be equal to: (a) the out-of-
pocket production cost, which is often the variable pro-

duction cost; (b) the market price less an adjustment for
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savings on selling costs; or (c¢) the out-of-pocket costs
(or variable production costs) plus an adjustment for the
opportunity loss. (a) and (c) can be viewed as cost based
pricing policies, while (b) can be viewed as a market
price based policy. Therefore, if the uncertainty faced
by B is the main concern of the firm, the.trading decision
will be delegated to B, and either cost or market price.
based pricing may be observed. The three examples of B's
operating conditions show that the transfer value may
equal: (a) the market price of the final product less an
adjustment for processing costs;i(S) the market price of
the transfer product plus an adjﬁstment for savings due to
not purchésing in the market; or (c) the market price less
an adjustment for processing and opportunity loss. All
three examples show that if the uncertainty faced by divi-
sion 8 is the main concern of the firm, then the optimal
governance rule is SC, and we will observe market price
based policies only.

In cases in which NI is optimal, negotiated pricing
policies are observed. In Section 5.6, we show that when
bargaining costs are large, dual pricing may be desirable.
However, this ignores some other problems in dual pricing
that are identified by Eccles [1985], such as the ambi-
guity it creates about the firm's strategy.

In summary, the above discussion shows the similar-
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ities between the predictions of our model and empirical
evidence. This is an indication that our analysis is on

the right track.

5.8 Conclusion

We formally define contracting costs.and incorporate
them into our analysis. By explicitly considering con-
tracting costs, we show that the contract efficiency
concept can be made more precise. We find that the ex'
ante and ex post contracting costs have different influ-
ences on contracting results. Through contracting cost
minimization, we show in our/simple intra-firm transaction
model, that incomplete contracting may be superior to
complete contracting and null contracting. This result
provides a foundation for incomplete contracting. 1In this
way, our analysis extends traditional contracting theory
to a broader contracting strategy space. Particularly, in
our special settihg, an incomplete contract, which spec-
ifies a pair of prices and a governance rule in advance,
is superior relative to a complete contract (if it is
available) or a null contract. An incomplete contract may
- optimize the firm's net cash flows in managing repeated
intra-firm transactions. The assumptions for deriving
these results are that: (i) the ex ante specification and

ex post verification costs for the transfer cost c and
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tranfer value v are high; and (ii) the ex post bérgaining
costs are high due to possible information asymmetries.
These assumptions are consistent with the characteristics
of typical intra-firm transactions. Thus, our results
provide a rationale for observed transfer pricing policies
for managing repeated intra-firm transactions.

In addition, we characterize the optimal governance
rule and ex ante prices. Under more restrictive assump-
tions, the prices are explicitly expressed as functions of
the governance structure and the distribution parameters.
Thus we extend the results of Grossman and Hart ([1987] to
the case in which contract renegotiation is allowed and
contracting costs are explicifly_considered.

Our results provide new insights into intra-firm
transactions; Although we do not present a complete
transfer pricing theory in this paper, hopefully we have
provided a useful basis for further research into this

important topic in management accounting.
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Figures

Figure 5-1: Positive and Negative Gain Regions
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Figure 5-2: Trading Region of a Null Contract
with Ex Post Bargaining Costs.
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Figure 5-3: Regions Divided by Ex Ante Prices.
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Figure 5-4: Regions with Marginal Adjustments.
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Figure 5-5: Ex Ante Prices Corresponding to

V Different Governance Structures.
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Figure 5-6: Different Parameter Catcgories.

' BC v
(a) /(b)
: | SC /
. =
— : v
P | .
g Vi ’ i Ay \V/1
. IV / ~ »
) BC or SC
© (d)

e
e [P
/ Vi

269



Figure 5-7: Suboptimal Dual Pricing Contract.
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Figure 5-8: Optimal Dual Pricing Contract.
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Appendix 5: Proofs
Proof of Proposition 5.1

When c < v < ¢ + CN,,

AW-WP—W°-ff (v - c)of(v, c)dvdc
Cc<V<C+CN;

(A5.1)
is increasing in CN,. Assuming that TCN, = CN,,
ATC = CSV + TCN, - CN,*probls}
- CSV + CN,*(1 - probfs}) (A5.2)

Note that when CN, = 0, AW equals zero while ATC equals
CSV, so that AW < ATC. If AW < ATC for all CN,, then
(5.4.9) holds for CN, < CN,* = w. Otherwise, there is a
value CN,"™ such that AW > ATC. Then, since both AW and
ATC are continuous functions of CN,, there must be a value

CN,* in [0,CN,"™] such that

AW = CSV. + CN;*(1 - probfs})
(A5.3)

This implies, for all CN, < CN,*, that (5.4.9) is true.

Q.E.D.

Proof of Proposition 5.6

For simplicity, assume v and c are random variables in
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(-,+») ,%® and let CN, = R.

(i) Under BC, P is set to minimize III + Vv - M -

MVBC ,

T +@ C-R
Mf;n{f[f¢(v)dv]lll(c)dc+f[f(b(v)dv]‘p(c)dc} (AS. 4)
P P .

- C+R
Note that the marginal adjustments have been reflected in
the choices of the integral limits, and they have differ-
ent signs in regions III and V. By direct calculation,

(A5.4) is equal to
y 4 400
f[@(p) ~® (c+R) ] ¢ (c)dc + f[d>(c—R)—<1>(p)]¢(c)dc
g ) _
P P ’
- <I>(P)f¢(c)dc - fd>(c+R)qJ(c)dc
+ f<I>(c—R)lII(c)dc - @(P)fll!(c)dc
P P
The first-order condition with respect to P is
P
@’(P)f\p(c)dc + & (P)Y(P) - ®(P+R) Y (P)

- ®(P-R)§ (P) - Q’(P)f\lt(c)dc + ®(P)Y(P) - 0 (A5.5)
P

2%por bounded intervals, the results will not be
changed, but the calculations are different.

273



This is equivalent to (5.5.16).

(ii) Under Sc, P is set to minimize II + IV - M5 -

v

P + V4R
Mm{f ftlJ(c)dc](b(V)dwf[fll!(c)dc]d)(v)dv} (A5.6)
lo V-R J 4
The same procedure as (i) results in (5.5.17).

(iii) Under NI, P is set to minimize II + III -

NL _ NI
M, M

A 4+ V-R .
Mln{f f‘l’(c)dc]d)(v)dwf flIJ(C)dc](b(V)dV} (A5.7)

(A5.7) can be simplified as

f‘l’(V—R)tb(V)dv— ‘P(P)fd)(v)dv (A5.8)
- P

The first-order condition for (A5.8) is

- ¥/ (p) fd)(v)dv + (P O(P) -0 (A5.9)
P

This is the same as (5.5.18).

Q.E.D.

Proof of Corollary 5.7

Note that due to the assumption that the cumulative dis-
tribution functions are linear, (i) and (ii) are special
cases of Proposition 5.6 (i) and (ii), with (5.5.19)

holding as an equality. For (iii), note that
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¥(c) - =% d(v) - =%
c-c V-Y
Substituting into (5.5.18), we have
1 2% Lf-<c, 1
c-c V-Y c-¢c v-Y

Simplify to get (iii).

Q.E.D.
Proof of the Proposition 5.8 |
The proof can be obtained by directly calculating all.
probabilities. We show the first one as an example. All
other cases are similar. From Figure 5-6(a), for any P,
the area for each region excluding the marginal adjust-

ment, is

Area(II - M;;) = 0.5(3-P-R)% + (&-P) (V-C) - 0.5R?
Area(IIT - M;;;) = 0.5(P-¢-R)?

Area(IV - My,

0.5(P-c-R)2 + (c-v) (P-¢c) - 0.5R?

Area(V - M,) = 0.5(Cc-P-R)?

Note that the marginal adjustment cannot make the last two

terms in areas II and IV become negative, i.e., we always
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have?!

(C-P) (V-C) - 0.5R%2 20 (A5.10)
(c-v) (P-g) - 0.5R? 20 (A5.11)
Under BC, the minimum Area(III + V - M, - M, is reached

at P = c¢'. Hence

. . 1 — (AS.-
Ag. = Min Area(IIT+V-M . -M,) = Z (c-c-2R) 2< 12)

Under SC,

Az - Area(IT + IV - My - Mp)

- Ap. + (Cc-P) (v-©) + (c-¥) (P-¢) - R* ~ (A5.13)

The last three terms in (A5.13) are positive because of

(A5.10) and (A5.11); therefore the minimum value of (AS5.
13) when P = V" must exceed (A5.12). This proves BC is

better than ScC.

Under NI,

Ayr = Area(II + III - My - My,;)

- Ap. + (c-P) (v-¢) - 0.5R? (A5.14)

The last two terms in (A5.14) are nonnegative from (AS5.

10). Hence, BC is better than NI. Q.E.D.

2'We assume R is ‘‘small'' relative to other parameters.
For ‘‘big'' R, the calculation may differ but the con-

clusions
will not be changed.
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| Chapter 6
CONTRACT RENEWAL
AND LONG-TERM INCENTIVES
IN ORGANIZATIONS
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6.1. Introduction

When a principal hires a risk- and work-averse agent,
simultaneous achievement of the efficient allocation of
risk and the efficient level of production is usually pre-
vented by the agents' self-interested behaviour. It may
be optimal for the principal to impose more than the
efficient level of risk on the agent in order to impfove
the latter's motivation to produce. This is the central
theme of principal-agent models that seek to provide a’
coherent and useful framework within which to examine
managerial accounting procedures, and pose managerial
accounting questions. |

The primary construct utilized in agency theory has
been the identification of compléte contingeﬂt contracts
for motivating economic agents. 'However, the "complete
contracting" approach has distinct limitations in the
insights that it can provide because it ignores contract-
ing costs. Although the use of contingent contracts to

provide high-powered incentives!'

for agents has been
found extensively in various financial and managerial

accounting settings, most employee compensation is not

! Wwilliamson [1985] introduces the term "high powered
incentives" to refer to the incentives created by the market
price system. We use this term in a slightly different way.
In this paper, the term "high powered incentives" refers to
contracts which specify an explicit relationship between
compensation and some measure of performance.
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based on explicit contingent contracts. In most organiz-
ations, the decisions as to whom to promote and how to
allocate bonuses and perquisites are, in practice, often
left to the discretion of supervisors rather than com-
pletely specified in an employment contract. Even at the
management level, managers are evaluated both by objec-
tive, quantitative factors and by subjective, qualitative
factors since the latter are too difficult to be formal-
ized in any accounting system.

The effectiveness of contingent contracts is hindered
if the performance measures for a given agent are signifi-
cantly influenced by factors beyond the agent's control or
responsibility, including events controlled by other
agents and uncertain events that are beyond any agents'
control. In some situations, the accounting system can
easily provide individual performance measures that pri-
marily reflect the actions of an‘individual agent, thereby
making contingent contracting effective. For example, if
a firm is only concerned about the quantity produced by an
agent and quantity data is reported by the accounting
system, .then a piece-rate can provide effective incentives
for the worker. However, such systems are rare in large
organizations. Managerial accounting systems mainly
report data at an aggregate (e.g., divisional) level, but

not the individual level. This is because the complexity
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of most employees' tasks, particularly their cooperative
nature, make it impossible to provide effective perform-
ance measures for each individual. This point has been
illustrated in Alchian and Demsetz [1972] and Williamson
[1985], using the manual freight example:

Two men jointly lift cargo into trucks. Solely

by observing the total weight loaded per ‘day, it

is impossible to determine each person's mar-

ginal productivity ... The output is yielded by

a team, by definition, and it is not a sum of

separable outputs of each of its members.

Under the condition of technological non-separability,
individual productivity cannot be assessed by measuring
output. An assessment of inputs is needed. Thus, contin-
gent contracts are less prevalent within organizations
than at the senior management level.

The limited power of classical agency theory in
examining contracting behaviour within organizations
creates a demand for extending the theory to deal with a
broader range of contracting strategies and managerial
accounting system designs. This paper seeks to contribute
to that extension. The model provided in this paper shows
that a contingent contract is not the only means of pro-
viding incentives inrorganizations. Incomplete contract-
ing with contract renewal can provide incentives for

almost all employees in a hierarchical organization,

particularly when a "hard" performance measure for an
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employée is unavailable. Some special features of our
model and the main contribution of this paper to the
existing literature are described below.

First, we assume that most contracts made within an
organization are incomplete contracts. The special nature
of the hierarchy provides an environment in which contract
renegotiation, renewal, and dispute resolution are much
easier than in the market environment. Particulafly, most
employment contracts are short term contracts, and explic-
itly or implicitly specified as renewable. We shall show
that this is a rational structure for creating low-powered
incentives for agents who are employees in an organiz-
ation. This is a significant extension of classical
agency theory in which managerial accounting procedures
are associated with complete contracting.

Second, although we observe the use of high-powered
incentives at some levels in an organization, most employ-
ees appear to be motivated to wo:k hard to contribute to
the firm's operation for reasons other than short term
benefits. This implies that high-powered incentive may
not be the main force driving an employee's activities
within an organization. Instead; the dominating concern
of employees may be the long term benefits they perceive
will follow from such behaviour. Even if the wages spec-

ified in short-term contracts are constant, employees will
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have incentive to provide "high" level effort provided the
expected future benefits offset the personal costs of that
effort. This incentive is not viewed as high-powered
because it is not created by current compensation that is
explicitly contingent upon a pre-specified measure of the
emplbyee's performance. Instead, it is based on predicted
consequences that depend upon equilibrium behaviour by
both the firm's management and its employee.

Third, in most organizations, an employee is a subor-
dinate to a (higher level) manager, his supervisor. A.
supervisor has authority over the subordinate, and is
often responsible for providing a subjective evaluation of
the subordinate's performance. Unlike much of the infor-
mation provided by accounting systems, subjective judg-
ments are unverifiable and subject to the supervisor's
discretion. What is the role of such "soft" performance
measure in organizations? Our model provides one aspect
of the answer.

Fourth, the relationship between a firm and an
employee is influenced by the human asset associated with
the employee. Employment can be viewed as a transaction
in which the firm acquires the services of a human asset
from its owner, the employee. If human asset services are
perfectly tradeable, then these services can be purchased

in the spot market so that long-term relationships have no
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value. However, long-term relationships are a significant
aspect of the employment relation in most organizations
and we examine those human asset characteristics that make
such observed organization forms valuable. In additioﬁ,
similar to a firm's other assets, human assets can be
developed during an employment period. That development
frequently requires investments from both the firm and the
employee and we examine how those investments areAinflu-
enced by the émployment relation.

Oour model views employment as a long term relatién-
ship governed by incomplete shorﬁ term contracts. The
reason the contracts are incomplete is that, for most
employees, objective performance evaluation is unavail-
able. When negotiating and renewing the contract, the
firm's management and the employee bargain over the gains
resulting from human asset transactions. As long as the
employee's bargaining power is positive, the transaction
gains will be shared between the parties. This will
create an incentive for the employee to work hard to build
up his/her human asset. Since, in most cases, building up
a human asset is correlated with the firm's profitability,
this, in turn, provides incentives for the employee to
contribute more to the organization.

Our model provides some interesting predictions.

First, depending on the balance between the human asset
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acquisition and decay rates, employee wages may or may not
display downward rigid behaviour (Harris and Holmstrom
[1982]), i.e. an employee's wage may or may not increase
over his life time. Second, if the employment relation is
sufficiently long-lasting, then the employee's incentive
to work hard will be relatively stable. Third, the incen-
tive to work hard will decline when the employment rela-
tion is close to termination. Finally, incentives are
influenced by: the employee's bargaining power, the em-
ployee's human asset acquisition and decay rates, contfols
on the firm's capital investment, the firm's production
technology, and the managerial accounting system. Changes
in these elements can induce changes in incentives.

This chapter is organized as follows. After this
introductory section, Section 6.2 discusses two key con-
cepts used in our model. Section 6.3 provides the model
and analysis. Section 6.4 discusses the main predictions

provided by our model.
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6.2 Performance Measures and Human Assets (HA)
6.2.1 Hard and S8oft Performance Measures

In hierarchical organizations, performance evaluation
is very important in monitoring, controlling, and motivat-
ing employees. Agency models focus on complete contract-
ing that is based on "hard" performance measures. Using
Ijiri's [1971] classification, information is defined to
be hard if it is constructed in such a way that it,is
difficult for people to disagree. In general, accouating
systems provide relatively hard information. However,.not
all information available in an organization is hard.
Some information may not be included in the accounting
system but still may have value to management. For
example, manager's subjective judgments are very important
for making decisions. They are both imperfect and unveri-
fiable and, hence, disputable. Based on traditional
contracting theory, such soft information has no value
(see Gjesdal [1981]). This seems inconsistent with empi-
rical observations, i.e., we observe that subjective
performance evaluation is widely used in monitoring and
motivating employees in organizations. However, the
existing literature has not provided an economic rationale
for and explanation of the use of this information in
governing contract relations.

Obviously, unlike evaluations that depend on formal
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reported accounting information, which may be more objec-
tive and concrete, subjective judgment is "softer" in the
sense that it is unverifiable. The quality of a subjec-
tive judgment, including its accuracy, speed, consistency,
bias and acceptability, will be influenced by both the
supervisor's ability and the information gnvironment,
i.e., the kind and accuracy of the information that is
available about the subordinate's activities. In addi-
tion, a supervisor's opportunistic behaviour may indﬁce
moral hazard problems. To. preclude this kind of behaviour
from our analysis, which will focus on the employee's
incentives, we shall assume that the supervisor is well-
motivated to make the evaluation on behalf of the firm's
owners. That is, we shall not make a distinction between
the supervisor who evaluates the employee's performance
and the firm's owner who buys the service from the employ-
ee's human assets. Effectively,‘the firm obtains non-
contractible information from the supervisor which evalu-
ates the enmployee's performance. Hence, we shall not deal

with the agency issue with respect to the supervisor.

6.2.2 Transferable and Non-Transferable Human Assets
It has long been recognized that a firm's value
depends on both its tangible and intangible assets. Human

assets are a very important part of a firm's intangible
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assets. On the one hand, a firm's normal operation may be
seriously influenced, or even discontinued, if it loses a
significant component of its human assets. On the other
hand, a firm's productivity can be significantly enhanced
by effective development of its human assets.

Williamson [1985] classifies the components of human
assets as either non-specific or specific. The first type
consists of those employee skills that are valuable to a
broad set of possible employers. If an employee only
provides this kind of skill, then neither the firm norhthe
employee has a productive interest in maintaining a con-
tinuing employment relation. The firm can easily hire a
substitute from the market, and the employee can move to
alternative employment without loss of productive value.
Furthermore, a firm's management will have no incentive to
provide investments that develop these non-specific human
assets unless there is an explicit contract or some other
mechanism that will protect the firm's return on its
investment. The second type, which we refer to as firm-
specific, includes skills that have value only to a par-
ticular employer. This value is intimately associated
with the employment relation. Once the employment rela-
tion is terminated, the value is lost to both the firm and
its former employee. Thus, continuity of the employment

relation can be valuable to both the firm and its
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employee.

The key difference between non-specific and firm-
specific human assets, in Williaméon's classification, is
the transferability of the assets. As Williamson points
out, firm-specific human assets, including idiosyncratic
technological experience and idiosyncratic organizational
experience such as accounting and data processing conven-
tions, internalization of other complex rules and pro-
cedures, etc., have little value to other firms. Hence, a
market for such assets does not exist. Consequently,‘
firm-specific human assets are non-transferable.

By definition, a non-specific human asset has value
to other firms, so a market demand exists for it. How-
ever, the price at which a non-specific human asset can be
transferred will be influenced by the observability of the
characteristics that determine the asset's value. 1In
particular, the market price of an asset is influenced by
the market's ability to access the information that is
available for evaluating it, and the price the market
would pay for it if that information was common knowledge.
If the market has perfect information about the asset,
then like any other tradeable commodity, a transfer is not
difficult. However, if the market has imperfect or no
information, then the market price may not reflect its

"true" value. In the extreme, a non-specific asset may
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become essentially non-transferable because of lack of
publicly observable information about the asset, and it
may be significantly undervalued by the market.

In this chapter, we are mainly concerned with firm-
specific human assets (FSHA). FSHA provide benefits for
long-term employment relations and, as we shall show in
following analysis, can result in the use of low-powered
incentives for employees in organizations. However,rsince
employees may hold FSHA and NSHA (Non-Specific Human
Assets) concurrently, the trading of NSHA must be con;
sidered in the exémination the trading of FSHA.

The development of human assets is a cumulative
process which requires investments from both the firm and
the employee. For example, training employees in new
skills frequently involves contributions by the firm in
terms of tuition fees or the time of skilled employees,
whereas the émployees being trained must provide personal
time or effort. Furthermore, the development process
often occurs jointly with daily production activities,
i.e., the acquisition of human assets is often obtained
directly or indirectly through operating experience.
Therefore, human asset acquisition and daily production
activities are often positively correlated, i.e., higher
current productivity implies greater acquisition of human

assets. Of course, the correlation between current pro-
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ductivity and human asset acquisition may depend on the
employees basic pegsonal skill level.

Finally, employees will bargain over their share of
the gains from human capital development when they recon-
tract with the firm. The employees' bargaining power
depends on the market condition and many other factors,
such as the relative strength of the employee's union and

the firm's management.

6.3 Model and Analysis
6.3.1 Basic Model Elements '

We consider a situation in which a risk-neutral firm
hires a risk- and effort-averse employee. The analysis
covers T (finite) periods, beginning at t=0 and ending at
t=T with period t referring to interval [t-1,t]. The
employee's and the firm's utilitieé with respect to their

net return from the employment relation are time-additive

with the same time discount coefficient y,2
T
Employee: UT(W,, ..., W) = Y Y10, (W) (6.3.1-1)
t-l L] [ ]

T
Firm: V¥(¥, ..., %) = Y Y*'E[V,] (6.3.1-2)
t=-1

2In general, the time discount rates may not be the
same for the firm and the employee. We make this assumption
for simplicity only.
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where
U, (%,) = E[W,] - -%Var[ﬁt] (6.3.2)

and

w, = a random variable representing the employ-
ee's compensation for period t;

a random variable represenﬁing the firm's

v =
‘ benefit from the employment relation in
period t; ’
r = risk aversion coefficient of the emplbyee.

We view employment as a transaction between the firm
and the employee in which the firm acquires the services
provided by the employee's human asset. The firm con-
tracts with an employee at the beginning of each period.
After contracting, the employee provides his effort e, to
the firm's operation with personal cost C(e,), e, € [O,

+o) , and

C(0) =0 C'(e) >0 c(e) >0 (6.3.3)

However, the employee's effort alone cannot create a
productive outcome. The firm must provide investment to
complement the employee's effort. While the nature of the
firm's investment can take a variety of forms, including
the provision of a good working environment and access to

special production facilities, we assume that the firm's

35The employee's disutility for effort is introduced
later. '
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investments can be represented by a single aggregate
dollar amount.

If the firm invests capital k, (dollar amount) in a
zero human asset employee who provides effort e,, then the
production output created by these inputs is a random

variable it. The mean of it is represented by the follow-

ing Cobb-Douglas production function

m, (k,, e,) - (a+e, ) Pki™® a>0, 0<b<1 (6.3.4)
where a and b are constant parameters. (6.3.4) implies
that as long as k>0, even if the employee owns a zero
human asset H''! and provides zero effort,* Xt‘will still
have a positive mean m,. The variance of X, is assumed
constant over time and is denoted by o¢?. This implies
that the variances of it is independent of all k, and e,.

The employee's human asset decays at a rate of 1-§
percent per period, but is increased by investments made
in that asset each period. Let H, and H' be the human
asset acquired in period t and the human asset at time t,

respectively; then

t
t o t-3 «3.
H jz-;aJHj 0<8 <1 (6.3.5)

4 zero effort does not mean no effort, but rather a
normalized lowest effort level.
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In addition, let A, and B, denote firm-specific and non-

specific human assets in H, (FSHA and NSHA), respectively,
Ht -At+Bt (6'306)

and assume the same decay rate for A, and B,. Hence, we

have

t

t-7 -
At - Ea in, (6.3.7-1)
j-0
d ; (6.3.7-2)
Bt - Ebt-JBj i '
j=o :
Ht=At 4+ Bt (6.3.7-3)

A positive human asset H'''! at the beginning of a period
will additively enhance the production output, i.e., the
total output will be X, + H*'. In other words, in our
model, human assets directly transfer into future produc-
tivity without influencing the productive return from the
employee's effort e, or the firm's capital investment k..
This assumption is for tractability only. In general, the
productivity of both e, and k, may be influenced by H'Y.
We assume that human asset acquisition is positively
correlated with current operation output. This implies
that a higher effort contribution will result in both
higher current period productivity and higher human asset

acquisition. Particularly, assume perfect linear rela-
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tionships between A, (B,) and X,°

A -¢.X (6.3.8-1)
B, - ¥ X, (6.3.8-2)
A, -(,+¥vX, -h X, (6.3.8-3)

where ¢, and ¥, are constant coefficients.® Therefore, in
our model, inputs e, and k, contribute to both current and
future productivity, as long as the employment relation

between the firm and the employee continues. FromA(6.3.5)

through (6.3.8), we have’
t
~ ¢ - -~
H -j}_oj 8¢7n, X, (6.3.9)

Throughout the following analysis, except for the
benchmark case, we assume that the employee's effort
cannot be perfectly observed by the firm through any
monitoring device. For example, a supervisor who monitors

the employee on behalf of the firm cannot observe the

SImperfect relationships would create additional risk.
Given the employee's special utility function, this will not
influence the incentives to insert effort, provided the risk
created by the imperfect measurement is independent of his
effort level. For the case in which this risk depends on
employee's effort, the analysis may be more complicated.

This implies that A, B,, and H, are random variables,
since X, is a random variable.

7o simplify our analysis, we ignore the negative
values of H,, i.e., we assume the probability distributions
are such that there is essentially . zero probability of
negative H, despite the use of a normal distribution.
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employee's actions. This is consistent with the situation
in which the employee's effort is complicated and multi-
dimensional, so that its specification and verification
are very difficult. Also, effort may not be a one-shot
action, but é series of actions continuously provided
during a long period. These characteristics of the em-
ployee's effort make a first-best efficient contract
unattainable.

We consider two regimes for X, (the realization of
it). In the first regime, we assume X, is a verifiablé
event and, hence, ex ante contractible. This represents
the case where X, is reported by an accounting system, and
is auditable. In the second regime, X, is an observable
but unverifiable event and, hence, it is ex ante non-
contractible but ex post contractible. This represents
the more common case -- the individual's performance
evaluation is not reported by the accounting system.
Instead, the employee's performance is evaluated on the
basis of his supervisor's subjective judgment, which is
both unverifiable and imperfect. For simplicity, we also
use X, to denote the subjective evaluation of the employ-
ee's performance.

Given the assumption of linear relationships between
X, and H, (&,, B,), the realization of these variables have

the same characteristics as X,. That is, they are observ-
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able, and they are verifiable only if X, is verifiable.
We choose this setting to avoid the "learning problem"
analyzed by Harris and Holmstrom [1982], so that we can
concentrate on incentive issues.

The key feature of FSHA is its non-transferability.
A' has a positive value if, and only if, the employment
relation continues. Since A' has no value to other firms,
there is no market in which to trade it. This impligs
that any trading of A' can only occur between the original
employer and the employee. In contrast, NSHA is tranéfer-
able. It has value to other firms, so there will be a
market in which to trade B!'. Therefore, trading a human
asset must include two parts that are governed by two
different trading mechanisms. The trading of NSHA is
governed by the market mechanism, while the trading of
FSHA is governed by the bargaining processes within the

firm.

6.3.2 Trading NSHA and FSHA

Trading NSHA in the market

Consider a case in which an employee, who owns B
units of a NSHA, chooses not to continue his employment
with a firm but to go to the market. There are other em-
ployees seeking to sell their NSHAs, which are

substitutable for the employee's asset. There are also
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firms in the market trying to buy the services that can be
provided by his NSHA. We shall not deal with the problem
of how a firm chooses from among the alternative potential
employees, but consider only the transaction of B owned by
this particular employee. A central question is how to
price the asset to be traded. This will determine who
captures the gain from the transaction.

First, we consider the case in which the value of B
is observable to all firms. In this case, the tradiﬁg‘
price of B, like any ordinary commodity, is determined.by
market demand and supply. A market equilibrium can be
summarized by the implicit bargaining power of the
employee, denoted p (B) € [0,1], which represents the
percentage of NSHA value that can be obtained by the
employee when contracting with a.firm. In general, p,
depends on the nature of the market for B. A stronger
market demand relative to supply will result in a higher
value of p,. In the extreme, p, = 1 implies that the
employee dominates the bargaining and captures all the
gain from the transaction and leaves the firm with zero
profit, while p, = 0 represents the other extreme. Given
p,, the price for B simply equals P = pB. In the case
in which the employing firm and the employee have private
information about B (which the remainder of the market

does not have), the analysis would be more complex. This
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information asymmetry would appear to weaken the employ-
ee's bargaining position, but without a more formal analy-
sis it is impossible to assess its impact. For simplic-
ity, we assume that all firms who are interested in hiring
the employee have the same information about the NSHA as

the original firm. Thus the market price for B will be

p,B-

Trading FSHA between a firm and an employee

While trading NSHA is determined by a market mechan-
ism, trading FSHA can only occur between a particular firm
and its employee. The price the firm will pay for an FSHA
with value A is determined by the bargaining power the
employee holds in contracting with the firm. Let p(A)
denote the bargaining pbwer of the employee. We assume
that p(A) is independent of p (B) and vice versa. The

bargaining result is affected by: (i) the status quo posi-

tion of each party when bargaining; (ii) the bargaining
power each party holds; and (iii) the bargaining process.
We focus on (i) and (ii), and assume that (iii) is a Nash
bargaining process. Different bargaining processes may
alter the particular bargaining result, bﬁt we believe
that the general conclusions would not be altered.

In general, an employee holds both FSHA and NSHA when

he comes to contract. Then the status quo position of the
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employee is equal to the market price for his NSHA. Thus,

we have following conclusion.

Proposition 6.1: Let A and B be an employee's
FSHA and NSHA at the time of contracting.

Assume the employee's bargaining power is p_ (B)
in the market, and p(A) in the firm. If p(a)
and p (B) are independent with each other, then
a Nash bargaining solution of the price that the
firm will pay for A and B is P = p, (B)B + p(A)A.

6.3.3 One-Period Model
We now examine a one-period model under the setting
described above. Let t=0 denote the starting point and

t=1 the ending point of the period. The event sequence is

depicted in Figure 6-1.

t=0 ' 1
+ ' +
Contract Investment Output
0
w, e, k, H'+X,
a%>0
B%>0

Figure 6-1: Event Sequence for One-Period Model

The employee begins the period with previously acquired
human assets A? and B? (the source of that acquisition is
not modelled in the one-period model). Observe that in a

one-period model, human asset acQuisition during the
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period has no value to either the firm or the employee
since the termination of all economic activity at t=1 is
common knowledge. Hence, A, and B, are irrelevant to the
analysis. We assume that A° and B? are observed by the
firm before contracting. This implies that it is common
knowledge that an employment relation will bring the firm
an expected gain of A° + B? in addition to the expected
output resulting from the employee's current production
effort. Our main concern is the case in which both é1'and
X, are non-contractible events, so that a contingent |
contract is infeasible. However, for comparison purposes,
we first derive the usual first-best and second-best
contracts in a Nash bargaining setting. We restrict our
analysis to wage contracts that are linear functions of
the realized output X.l.8 To simplify notation, in this
section we drop the time subscripts from all variables.
Also, since the trading prices for A° and B?, which equal
p&?+pAp, have already been given in the above discussion,
and are not influenced by incentives with respect to
inputs e and k, we exclude them from most formulas. For a

complete expression, they should be added back where it is

8In the following analyses there is no loss of gener-
ality in considering only linear contracts except when we
consider the second-best contract. Since linear contracts
may not be optimal in the second-best cases, there is a
potential loss of generality in our results.
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necessary.

X 6.3.10
X ~ N(m, ¢?) m= (a + e) Pkl-b ( )

W(X) =aX + B (6.3.11)

Given this contract w(X) (compensation from current inputs
k and e), the utilities of the employee and the firm

(excluding the human asset price) are, respectively,

U(W) - am+ P - Cle) - -%-razoz (6.3.12-1)

V(X - -m- (em+ B) - k (6.3.12-2)

The First-best Contract

Contrary to our assumption, let e and k be observable
and verifiable by both parties so that they are contract-
ible events. Since e and k do not influence the uncer-

tainty about X, e" and k" should be chosen to maximize

m(k,e) - C(e) - k= (a+e)Pkl® - C(e) - k (6.3.13)

The first-order conditions for this maximization are

b(a+ e)P1kiP o c/(e) (6.3.14-1)

(‘1—b) (a+e)Pk®-1 (6.3.14-2)
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This implies that e" is the unique solution of the equa-

tion

N .
c/(e*) = b (1-b) B " (6.3.15-1)

and k" is uniquely determined by

1
k* = (1-b) ® (a+e*) (6.3.15-2)

Contract coefficients a¢ and B must reflect the bar-
gaining power of the two partieslas well as their aversion
to risk. Since the firm is assumed risk-neutral and the
employee is risk averse, it is optimal to have the firm
bear all the risk and pay the employee a flat wage. 1In
other words, the first-best contract should set a = 0.
Alternatively, a and B can be found by solving the follow-

ing problem.’

Whether the bargaining power used in (6.3.16) should
be p, or p depends on the information the market holds about
the productlon function and the employee's product1v1ty If
the market has no such information so that pricing of the
expected production is difficult, then the market influences
on the bargaining of the expected production gain disappear.
In such cases, bargaining power p should be used here.
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Max D 1-p
ygPryiPa
a,p (6.3.16)

s.t. e=c¢e"* k = kx

The solution to this problem is summarized in the follow-

ing lemma.

Lemma 6.2: The solution of (6.3.16) satisfies

(i) « 0

(ii) B is chosen such that U = p_(U+V) and
V = (1-p,) (U+V) .10

Note that in Lemma 6.2

U+V=m-5k-~-C(e) (6.3.17)

which is the total gain from the transaction. Lemma 6.2
shows that the first-best solution provides efficient risk
sharing, and the parties share the gain based on their
bargaining power. Note that when a = 0, then 8 = U, and

the wage of the employee is

we=p,B°+ pA° + p (m-k-C(e)) +C(e)

Orhe direct additivity of these utility expressions
follows from the fact that mean/variance utility functions
have been used and the utility functions have been scaled
such that an increase in the employee's compensation by $1
increases U by 1 unit and decreases V by 1 unit. In
general, it is meaningless to add utility functions since
intercomparison of utilities across individuals is not
acceptable with von Newmann/Morgenstern utility functions.
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Second-best contract when both e and k are non-con-

tractible events

Now return to our assumption that e is unobservable
by the firm, but let X be contractible. This may occur
when the employee's contribution to the firm's income is
formally reported by an accounting system. In that case,
X is verifiable to a third party who has authority to
enforce the contract if there is a dispute when the con-
tract is executed. This is a classical agency problém;
but with a more general bargaining process. Note thaf the
classical agency literature focuseé on the efficiency
aspects of contracting so that it can simply assume one
contracting party holds all bargaining power without
reducing the generality of its results. Hence, all gains
from the transaction go to one party and the other party
gets only its reservation utility, which is exogenously
givén. In this paper, we are dealing with an agency with
a bargaining proéess; therefore, efficiency is not the
only aspect we consider. Another important issue in our
analysis is how the trading gains are allocated.

In the current case, we assume that both e and k are
non-contractible events. The reason e may be non-con-
tractible is the same as in the traditional agency theory.
The reason k may be non-contractible is that the firm's

investment in a particular employee may be difficult to
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separate from its other investments.

The optimal wage contract w(X) is the solution to the

following problem:!!

Max Pa <y 1-Da )
{«,Bp. ket U™V (6.3.18~1)
s.t. e € argmax U (6.3.18-2)

kGaIg max VvV (6.3.18"3)

where U and V are defined by (6.3.12). The solutign to

this problem is characterized in the following lemma.

Lemma 6.3: The second-best solution of problem (6.
3.18) when both e and k are non-contractible events
has the following characteristics:

(1) Both e and k are non-trivial functions
of «a,

£6.3.10-1) 1 a
kIl =« (1-a) ? (1-b) P (a + e 1T)

1, i,
c/(ell) = ¢« (1-a) ? b(1-b) ®
(2) U=p (U +V), V= (1-p.) (U + V); and

(3) a is determined by

4a(@+v) _ 4 (6.3.20)
do

and ¢ > 0, which deviates from the

"As pointed in a prior footnote, the optimal second-
best contract is not linear in general. Our restriction on

a linear contract may have a potential loss of generality in
this subsection.
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efﬁécient risk-sharing solution a =

Lemma 6.3 shows that when both e and k are non-con-
" tractible events, the second-best contract deviates from
the efficient arrangement both in the investment levels
and risk sharing. The former claim is based on the com-
parison of (6.3.19) with (6.3.15). Since a(1l-a)V*! < 1,
el < " is obvious, and this, in turn, implies k!! < k".
The latter is based on the values of a derived in Lemmés
6.2 and 6.3. An efficient arrangement should have the
firm to bear all the risk, i.e., a = 0, while in order to
induce an e!! > 0, it must set a > 0. This result is
established by classical agency theory, we merely provide

a different setting.

Second-best contract when k.is contractible

Now we consider the case in which input k is con-
tractible. This is possible, for example, if k consists
of separable investments that can be verified. The prob-
lem is the same as (6.3.18) except that constraint (6.3.
18-3) is eliminated. Now k can be chosen to maximize U+V

rather than V. The solution of (6.3.18-1) subject to

20bserve that U+V is independent of p_and p, and so is
a. This implies that the bargaining process has no influ-
ence on equilibrium risk sharing.
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(6.3.18-2) is characterized in the following lemma.

Lemma 6.4: The second-best solution of problem
(6.3.18-1), when k is a contractible event, has
the following characteristics:

(1) Both e and k are non~trivial functions

of «,
1 .
kIl = (1-b) ® (a + e ) (6.3.21~1)
1.
c/(e™) - ab(1-b) P (6.3.21-2)
(2) B is chosen such that U = p (U + V), V

(1-p) (U + V) ;

(3) a is determined by (6.3.20), and @ > 0

deviates from the efficient risk-shar-
ing solution a = 0.

Lemma 6.4 shows that when one party's input is a
contractible event and the other is not, then the second-
best contract still deviates from the efficient contract.
This is obvious because of a < 1 so that e!! < e* and k!! <
k*. However, the distortion of the investment level and
risk sharing are different than when both e and k are non-
contractible events. This can be seen from a comparison
of (6.3.21) with (6.3.19). However, since the bargaining
power assignments in these two cases are given exogenously
(in general, they could be different), we cannot conclude

whether each party or both will be better off. The only

thing of which we are sure is that the total trading gain
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U+V is strictly larger when k is contractible than when k

is a non-contractible event.

X and e are Non-contractible Events

Now we examine the case in which e is unobservable
and X is non-contractible. 1In this case, -the wage for
inducing an employment relation can only be a constant
equal to the employee's asset price plus his share of the

expected gain from production.

W= D,B%+ pA® + p, [m - C(e) - kI +C(e) (6.3.22)

where e and k are the equilibrium input levels. Given a
constant wage, the employee has no incentive to provide an
effort level higher than the minimum level e=0. Recogniz-
ing this, the firm chooses k to maximize its expected
utility given the employee's lowest effort input. Again,
there is a difference between the case in which k is con-
tractible and the case in which k is a non-contractible
event. We summarize the results in Lemma 3.5.

Lemma 6.5: When e and X are non-contractible

events, then the employee's wage can only be a

constant and the expected effort level the

employee will provide is zero. The capital

investment level, independent of the contract-

ibility of k, is given by

kO - (1—b)_:’a (.6-3.23)
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The intuition behind Lemma 6.5 follows. When k is a
contractible event, then the expected gain is (m(k,0) -
k). The employee and the firm share this gain based on
the bargaining power p, and hence, k can be chosen to
maximize this gain. This results in (6.3.23). When k is
a non-contractible event, let k be the employee's ex ante
belief about k (in equilibrium, k = k), then the perceived
gain is (m(k,0) - k). Since the firm is the residual"
claimant, for any actual investment k, its actual gain is
(m(k,0) - k) - p,(m(k,0) - k). For any k set in the

contract, a self-enforcing constraint for the firm is

k € argmax m(k,0) - k (6.3.24)

which results in (6.3.23) again.

Summary of the One-Period model

We derive the following conclusions from the above
analysis. First, in a one-period model, a contingent
contract (high-powered incentives) is essential if the
agent is to be induced to provide more than the minimal
effort level. This is the core of classical agency the-
ory. The cost of this incentive is inefficient risk
sharing -- the risk averse employee must bear risk that

should be transferred to the firm when there is no incen-
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tive problem. Second, high-powered incentives require
verifiable performance measures. If such measures are
available from the accounting system, then contingent
compensation may be observed. For instance, we observe
that a firm's top executives, including the top managers
of its key responsibility centres (e.g., divisions), are
frequently compensated on the basis of contracts that are
contingent on firm or divisional financial performance
measures reported by the accounting system. We also
observe that employees operating at the lowest level of an
organization maf be paid on a piece-rate or sales commis-
sion basis if the accounting system monitors and reports
individual production or sales information. In contrast,
the accounting system does not report individual perform-
ance measures for many of the firm's employees and the
firm typically compensates them with a wage that is set at
the start of the period. This raises the question of
whether these employees provide only a minimal level of
effort and, if they do not, where do their incentives come
from. A one-period model says YES to the first question
and that is inconsistent with the real world observations.

Therefore, we now consider multi-period models.
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6.3.4 Two-Period Model

Model Elements

We now extend the basic model to two periods. We
assume that at t=1 the firm and the employee have an
opportunity to sign a second period contract. If contract
renewal is successful, then the employment relation con-
tinues. Otherwise, both the employee and the firm go to
the market to find new partners. The event sequence is

depicted in Figure 6-2.

0 1 ‘ 2
+ + +
Contract Invest ... Outcome
Wy e k, X4
Contract Invest ... Outcome
W, e, k, X,
0 — 1_ca0
A A;=¢,X, A'=6A"+A,
0 _ 1_en0
B B,=V,X, B'=6B%+B,

Figure 6-2: Event Sequence for Two-Period Model

The key difference between a two-period model and a
one~period model, in our setting, is that, along with the
realization of X,, human assets A' and B' are acquired
before t=1. A' has value, if, and only if, the employment
relation continues in the second period. On the other
hand, B' has value in both the firm and the competitive
market. Based on the discussion of subsection 6.3.2, we

assume that the firm and the market have the same informa-
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tion about B' so that the price for it will be p B'.

First-best benchmark contract for the two-period

model

We first derive thé efficient contract if all e and k
are contractible events. This is done by -considering the
second period contract first. Since the economic activ-
ities will end at t=2, any human assets acquired in the
second period are irrelevant. The first-best wage conf
tract in the second period depends on whether the parties
are able to commit to a multi-period contract (i.e., long-
term contract). If they caﬁ, ﬁhen wzvdll be independent
of the realized value of A' and B' -- the firm will bear
all risk. However, if multi-period commitments (by either
the firm and the employee) are not possible, then w, will
be a random variable when viewed from the perspectiﬁe of
t=0. sSince the variance of X is due to an additive noise
term, the riskiness of w, will be independent of the

3 We shall assume in our

first-period input decisions.
analysis that long-term commitment is impossible (the
justification will appear later). Hence, contracting in

the second period is exactly the same as in the one-period

model: e, = e" and k, = k' given by (6.3.15). Given A' and

BThis riskiness of w, will influence the employee's ex
ante expected utility.
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B' realized at t=1, the employee's second period wage is
equal to
w,(A!,B?') -~ p,B! + pA!l
+ pplm; - C(e*) - k*] + C(e*) (6.3.25)

which can be obtained through Lemma 6.2 with the following

utilities
U; = a,m + B, - Za20? - C(e,)
2 T @M, + Py - S 2 (6.3.26-1)
Vy =m, - (e,m, + B,) - k, (6.3.26-2)

with o, = 0 and B,

p,[m," - C(e') - kX']. Note that U," and
V,' are not the total second period utilities but only the
utilities derived from the second period inputs. The
total utilities for the employee and the firm, evaluated
at t=1, are pB' + pA' + U,* and (1-p,)B' + (1-p)a' + V,*, re-
spectively. The differencés come from the human asset

enhancement. Let the utilities resulting from the first

period inputs (evaluted at t=0) be

U = am + B, - -g-a"{oz - C(ey) (6.3.27-1)

(6.3.27-2)

+

Vi=m - (aym + By) -k

where e, and k, are the equilibrium inputs. Then the two

period expected utilities, evaluated at t=0, are
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U2_me0+pAO+U{‘

+

Y(E[p,B*+pAl | e, k,]1 + U;)

-755 Vvar [p,Bl+pA?]

(6.3.28-1)
V2 = (1-p,)B° + (1-p)A° + V;
+ y(E[(1-p,)B*+(1-p)Atl e, k]
+ V3) (6.3.28-2)

These expected utilities highlight the fact that the
employee faces wage risk at t=0 and he cannot avoid this
risk when contracts only hold for a single period. The
risk comes fromvthe negotiation at t=1, when the firm and
the employee contract for w, based on the information they
have at that point. Since A' and B' are random variables,
W, is also a random variable. However, this risk does not
affect the bargaining that takes place at t=0 because the
second period wage risk is independent of the choice of e,
and k, (due to the additive structure of the production
and utility functions).

Based on above discussion, the first period contract
and inputs can be determined by maximizing the sum of the
first period production and human asset acquisition.
Assume the employee and the firm believe that the employ-
ment relation will continue in the second period. Conse-
quently, e, and k, are chosen by solving following prob-

lem,
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Max
e,, k, M * YE[H] - k; - C(ey)

Max
“ e, k (1L +yh)m - k;, - C(e;) (6.3.29)
where h, = ¢, + ¥, is the human asset acquisition rate in

the first period. The term yE[H,] is the discounted
expected value of the incremental production in the second
period resulting from the first period's inputs. The

solution to this problem is characterized by

1 1
ki = (1+yh)?2(1-Db)2(a+ef) (6.3.30-1)
1 1,
c’(e;) = (1 +yh)®b(1-Db)? (6.3.30-2)

It is obvious that k,° > k", and e,” > e'. The first period
wage contract is the same as in a one-period model given
in Lemma 6.2 except k" and e" should be replaced by k," and
e,” given by (6.3.30). That is, w, = p_B® + pa? + pm(U1* +
V') + C(e,"). Note that from (6.3.13) - (6.3.15), k" and
e’ maximize U + V. Thus, from a single period point of
view, k," and e," are over-invested and U* + V,* < U + V.

In addition, it is possible that the first period wage in
a two-period model is less than in a one-period model,
even if the employee's effort level is higher in the
former case; The intuition for these differences is that
in a two-period model, part of the first period investment

is made because of the return that will be received in the
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second period. That is, the payoffs from these invest-
ments, to both the firm and the employee, are deferred to

the future period.

Second-best Contracts when k is a non-contractible

event

If all e and k are non-contractible events, but X;
(i=1,2) is contractible, then, classical agency contyacts
apply. As in the first-best case, we assume that only
short-term (one-period) contracts are possible. Conse;
quently, the second period contract is the same as in the
one-period model and the first period contract must take
into account the effects of human asset acquisition.

Lemma 6.6: When both e, and k, are non-con-

tractible events, the second-best first period
contract in a two-period model is characterized

by

(1) Dboth e, and k, are non-trivial func-
tions of «,

1 1
k, = [1-a,+y(h,-6,)] ® (1-b) Pe

a_
C’(e,) = (ay+y0,) [1-a +y (h,-0,)1 5 '

1. -
b(1-b) B (6.3.31-2)
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where 0, = ¢,p + ¥,p, represents the
employee's total bargaining power over
his acquired human assets:;

(2) U’ = p (U + V"), and V' = (1-p,) (U,"
+ V)

(3) a is determined by (6.3.20), and a > 0
deviates from the efficient risk-shar-
ing solution @ = 0. Here,

U, +Vy = (1+yhl)m1—k1—c(el)—-%'oz(cuyel)2 (6.3.32)
is the total gain from contracting.

A comparison of the results of Lemma 6.6 with Lemma
6.3 shows that the bargaining power in the secohd period
influences the input level in the first period of a two-
period model. However, an analy;ical comparison of the
levels of k and e in the two periods is complex because
both k and e are non-trivial functions of «, but the value
of a is different in the two periods. The only solid con-
clusion we obtain here is that the second-best contract is

different if the expected future benefits of human assets

are taken into account.

The second-best contract when k1 is a contractible

event
If k is verifiable, then as in a one-period model,
the contract will be different from the contract given in

Lemma 6.6. The only difference is that (6.3.31) is re-
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placed by

1 El
kT - (1+yh,) P (1-b) ® (a+ef) (6.3.33-1)

1, a_
C/(efT) - (a+y8,) (1+yh) ® b (1-b) 2 (6.3.33-2)

where k,!' is chosen to maximize the total-gain rather than
the firm's first period utility. 1In other words, when we
solve (6.3.18), the constraint (6.3.18-3) should bé taken
off as in the one-period model. The differences between
(6.3.33) and (6.3.31) are obvious although we cannot
simply determine each party's preference over these two
contracts for the reason given before. However, it is
clear that contracting on k does provide an opportunity to

improve contracting efficiency.

X, and e; are Non-contractible Events
If X, and e; are non-contractible events, then any ex
ante contract can only be a constant. 1In this subsection,

we examine the contracting behaviour in these cases.

Second Period Contracting
In the above analysis, we assumed that the employment
relation will be continued in the second period. Now we

determine the conditions under which the firm and the

319



employee have an incentive to continue the employment
relation given the opportunity to renew their contract at
t=1. Observe that, given common knowledge that the em-
ployment relation will be terminated at t=2 and that the
second period performance evaluation X, cannot enter into
the revised wage contract w,, the employee, as in a one-
period model, has no incentive to provide effort e,
greater than zero. Thus the firm correspondingly inyests
k, = k® which is specified by (6.3.23). The employee's
current productivity (i.e., his incremental productivity
from current effort) is identical to that of any other
employee the firm can hire in the market (sﬁch employment
will last for one period only). However, continuing the
employment relation is strictly Pareto superior to termin-
ating it as long as the firm-specific human asset A! is
positive. This asset will increase the second period's
productivity from B' + m° to A! + B! + m?%," where m’=m(k°,.
0) is the current mean productivity created by the employ-
ee's lowest effort. Observe that even if the firm can
contract with a new employee with the same B', it will
lose its share of a valuable asset A'! and repeat all the
results of the one-period model in the second period.

Similarly the employee will be better off if the employ-

“This assumes that the firm would hire another employee
from the market with same NSHA.
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ment relation continues because he can at most get pmuf +

¢ -~ k% in the market, while bargaining with his current

m
employer permits him to obtain a share of the benefits
from A' (as long as p is positive). The aboye discussion
implies that it is Pareto superior for the two parties to
continue the employment relation rather than to terminate
it.

Now éonsider what happens when the firm and thelem-
ployee come to the bargaining table at t=1, with a',B' >
0. Observe that after A' and B' have been realized, tﬂe

status quo position of the employee at t=1 is p (B' + m® -

k°), the sum of the price if he goes to the market with
his NSHA B' and his share of expected production outcome.
On the other hand, the status quo position of the firm is
(1-p,) (B + m® - k%), the net return from hiring a new
employee with B' from the market. Let p represent the
bargaining power the employee holds at the bargaining
table. The following proposition summarizes the above
discussion and the Nash bargaining equilibrium for the
second period wage contract.

Proposition 6.7: Assume that after the

first-period, the firm and the employee have an
opportunity to sign a second period employment

The explicit recognition of the contracting costs
could change this limiting result. That is, things change
as the limits are approached if there are contracting costs.
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contract. Contracting is Pareto superior to not
continuing the relation if, and only if, the
firm specific human asset A' realized at the end
of the first period is strictly positive and
neither party has all of the bargaining power,
i.e., 0 < p < 1. Assume A' > 0 ana B! 2 0, and
the market price for B' is pB'. Then, a Nash
bargaining solution w, is given by

~ p, (Bt + m° - k,) + pA? (6.3.34)
where k, = k? is given by Lemma 6.5.

Proposition 6.7 assures that continuing employment is
an equilibrium strategy for both parties, and the equilib-
rium second pefiod wage contract is simply a sharing of
the expected gain based on the two parties' bargaining
power. Thus, a long-term relationship need not be
guaranteed by a long-term contract even if a long-term
contract is available. This is particularly significant
when the contracting is incomplete. As Williamson [1985]
points out, for long term contracts executed under condi-
tions of uncertainty, a complete specification of the
contract is apt to be prohibitively costly, if not imposs-
ible. 1In addition, Macneil [1978] states:

Two common characteristics of long-term con-

tracts are the existence of gaps in their

planning and the presence of a range of pro-

cesses and techniques used by contract planners

to create flexibility in lieu of either leaving
gaps or trying to plan rigidly.

Oour results are also consistent with Alchian and Demsetz's
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[1972] claim that

... neither the employee nor the employer is

bound by any contractual obligations to continue

their relationship. Long term contracts between

employer and employee are not the essence of the

organization we called a firm.
Therefore, although long term contracts offer the apparent
advantage of reduced bargaining costs and long-term comn-
mitment, they may be too expensive due to other contract-
ing costs. Based on Proposition 6.7, in our model, a
short-term contract can provide incentives to maintain a
long-term relationship and to provide more than minimal
effort. Hence, when verifiable performance measures are
unavailable, short-term employment contracts with contract

renewal processes are an important incentive mechanism

within organizations.

First Period Investment Decisions

Under the Nash bargaining solution stated in (6.3
.34), the employee and the firm share the second period
gain resulting from the first-period acquisition of human
assets. The sharing of the gain from the NSHA and the
expected output depends on market forces, whereas the
sharing of the gain from the FSHA depends on the employ-
ee's bargaining power with the firm. The employee re-

ceives his market value plus p percent of the gain from
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FSHA. This share of the gain is a reward for continuing
the employment relation. It also provides incentives for
the employee to choose a first period effort level greater
than the minimum effort. This is shown in the following
proposition.
Proposition 6.8: Assume both e and k are non-
contractible events. If at t=0 the firm and the
employee anticipate the second period's bargain-
ing result, then the employee will have incen-

tive to provide effort e,” > 0 which is deter- -
mined by

. 1_ _
c/(es”) - v6,[1+y (h,-6,)] b 1b(1—b) 7t 1) (6.3.35

Correspondingly, the firm will invest k;* such
that

1 1
ki = [1+y(h,-0,)] 2 (1-Db) P (a+e,” (6.3.35-2)

Proposition 6.8 has the following implications.
First, anticipation of second period contract renewal
provides incentives for the emplbyee to provide more than
minimal effort in the first period. This incentive is not
obtained with short-term risk-bearing, but is stimulated
by the anticipation of the benefits that will result from
an ongoing employment relation. Since these benefits are
not provided by an explicit contract, the incentives
created are low-powered. Second, this incentive depends

on: (i) y -- the discount rate; (ii) ¢, and §; -- the
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impact of period 1 productivity on the increase in FSHA
and NSHA; (iii) p, and p -- the employee's bargaining
power in the market for his NSHA and the expected produc-
tion output, and in the firm for his FSHA ; and (iv) b --
a measure of the relative labour intensity of the produc-
tion function.

For the case in which k is a contractible event we

have following parallel results.

Proposition 6.9: Assume k is a contractible
event. If at t=0 the firm and the employee an-
ticipate the second period's bargaining result,
then the‘smployee will have incentive to provide
effort e, > 0 which is determined by

1_
'31

. —1._
c’(e;”) = y6,(1+yh)) 1b(1—b) (6.3.36-1)

Correspondingly, the firm will invest k;' such
that

! 1 A
k* = (1+yh,) P (1-Db) ® (a+e]) (6.3.36-2)

It is interesting to notice that the contractibility
of k has no impact in the final period (i.e., in the one-
period model), but it does have an impact in the multi-
period model. This is because in the final period, with
the agent receiving a fixed wage, the firm will make the
Moptimal" choice of k since it receives all incremental

benefits from that investment as well as bearing all
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incremental costs. On the other hand, if k is not con-
tractible in a multi-period setting, while the firm will
bear the entire incremental cost of increasing k and will
receive the entire current incremental benefits from that
increase, it must share the future benefits (through the
bargaining process). Thus the results of Proposition 6.5
are fundamentally different than for Proposition 6.8 and
6.9.
The first period wage contracts, corresponding £0‘

(6.3.36), are

w, = p,B+pA°+p, (m*-k;*-C(e;"))+C(e;") (6.3.37)
where m," = m,(k,"",e,”), and (k,"",e,"") are given by either
Propositions 6.8 or 6.9.

The pattern of employees' wages over time is often an
issue in the labour contract literature. For example,
Harris and Holmstrom [1982] provide a long-term labour
contract model in which worker's ability is assumed
unknown. The firm learns about each worker's productivity
by observing the worker's output over time. It is shown
that, in equilibrium, a worker's wage never declines with
age and increases only when the worker's market value
increases above his current wage. In our two—pefiod
model, a comparison of (6.3.37) with (6.3.34) results in

the following corollary.
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Corollary 6.10: In a two-period model, the con-
dition for the expected second period wage to
exceed the first period wage is

pm [w],ml“- (1—6) Bo] +p [¢1m1“" (1_6)A0]

> -p, [(m°-k°) - (m{*-k{*)1+(1-pp") C(e;*) (6.3.38)

Inequality (6.3.38) has a straight-forward interpre-
tation. The left-hand-side of the inequality is the
change in the employee's share of the benefits of his
human assets, while the right-hand-side is his share:of
the reduction of the second period production gain due to
the loss of incentives. Our conclusions differ from
Harris and Holmstrom [1982] in that: (i) the second period
wage will increase if, and only if, the increase in the
human assets is greater than the reduction in production
gain; (ii) the wage increase will not only be influenced
by the worker's market value, which is only determined by
his NSHA, but also by his FSHA, which has no market value;
and (iii) the wage may decrease if the inequality is
reversed. A wage increase can occur if human asset acqui-
sition in the pgriod is high, or the decay rate is low, or
the production reduction in the second period is low. Any
reverse of these conditions may cause a wage reduction.
For example, a sports player's wage is likely to decrease
sharply after his peak performance period because of a

very high decay rate of his human assets. On the other
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hand, we observe examples of senior employees' wages
increasing not because their market values increase but
because the specific human assets, such as the knowledge
of the particular firm, is increasing.

Finally, from (6.3.35-1), it is straightforward to
determine the fbllowing comparative statistics.

Proposition 6.11: In a two-period model with

non-contractible k, the incentives created by

the acquisition of human assets and second

period contract renewal have the following prop-

erties. The employee's first-period effort is:

(1) increasing in the discount rate y;

(2) increasing in ¢, and ¥,;

(3) increasing (decreasing) in p and p_
when

v0,

Trom <(>) b (6.3.39)

and reach their maximum when (6.3.39)
holds as an equality;

(4) increasing (decreasing) in b if

b>(<) 1 - & where R=1+y(h-8,)  (6.3.40)

and reaches its minimum when (6.3.40)
holds as an equality.
The results of Proposition 6.11 can be interpreted as
follows. First, the discount effects are obvious because
the employee's investment has future benefits. A higher

discount rate means higher returns on that investment,
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which induces a larger incentive to invest. Second, the
effects of the human asset acquisition rate are similar to
the discount rate, higher acquisition rates result in
higher returns on the effort invested.

Third, the effects of the bargaining power on the
employee's incentive are more subtle as shown by (3).
When the employee's bargaining power p or p, are relative-
ly small, the employee's incentive to provide effort in-
creases as his bargaining power, either in the marke£ or
in the firm, increases. However, that incentive reaches
its maximum at some threshold leyel. Above that level,
when the employee has relatively strong bargaining power,
the employee's incentive to provide effort decreases as
his bargaining power increases. This is because there are
two sides to the influence of an_ihcrease of the employ-
ee's bargaining power on the empioyee's ex post gain. On
the one hand, the employee's share increases as his bar-
gaining power increases. On the other hand, an increase
on the employee's bargaining power implies a decrease on
the firm's bargaining power. This, in turn, may reduce
the firm's incentive to invest capital. The result is a
reduction in the production output. The total influence
is the sum of these two effects. When the former exceeds
the latter, an increase in the employee's bargaining

power will increase his effort level. 1In the reverse
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case, a decrease in effort level occurs. In addition, the
threshold level determined by (6.3.39) has an econonic
interpretation. On the right-hand-side of (6.3.39), b
represents the sensitivity of production to the employee's
effort input. On the left-hand-side, the numerator y0,
can be viewed as the employee's bargaining power over the
output resulting from the inputs, while the denominator
1+yh, can be viewed as the return on his effort input.
Hence, the left-hand-side of (6.3.39) is the “percenfage“
that the employee can capture from the output of his '
effort. When this "percentage" is less than the sensitiv-
ity b, the employee's incentives can be improved by in-
creasing his bargaining power either in the market or in
the firm. Some further implications of this result are
discussed later.

Finally, the relative sensitivity of the outcome to
labour and capital investments has an interesting effect.
If the production technology is such that the outcome is
relatively insensitive to the employee's effort level
(i.e., b is close to zero), then increasing that sensitiv-
ity will reduce»his incentive to work hard. On the other
hand, if the outcome is relatively sensitive to the em-
ployee's effort level (i.e., b is close to one), then
increasing that sensitivity will increase his incentive to

work hard. The intuition behind this fact is again the
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combinatioﬁ of two opposing effects. On the one hand, if
the firm's capital is held constant, then the effort level
always increases as b increases. This can be seen by
noticing that the factor b(1-b)""' is a increasing func-
tion of b for all b<l. On the other hand, increasing b
reduces the firm's incentive to invest capital (because
1/b - 1 decreases in b). This, in turn, will reduce the
employee's ex post gain and his incentives.

When k is a contractible event, from (6.3.36—1); we
can show that the results of Proposition 6.11(1) and (2)
again hold. Condition (6.3.40) is still true but with R =
1 + yh,. However the influences of p and p, are differ-
ent. It is obvious that e, is increasing in both p and
P, That means (6.3.39) is not true anymore.

From (6.3.35-2) and (6.3.36-2), we can see that the
firm's capital investment choice is influenced by the same
factors as thosé influencing the employee's effort choice,
but in a more complicated way. Since the optimal capital
investment is a linear function of the effort level, the
effects of a particular parametef can be separated into
two parts: a direct effect and an indirect effect through
the change in the effort level. When the two effects go
in the same direction, such as the influence of the dis-
count rate or human asset acquisition rate, the conclusion

is simple. However, if they go in opposite directions,
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the conclusion depends on the value of the parameters.
Basically, the incentive for the firm to invest capital
has quite different characteristics than the employee's
incentive to provide effort. To see this, observe that
the employee's effort is an increasing function of both p,
and p when they are small. In particular, if p, = p = 0,
then 6, = 0 so that e, = 0, i.e., the low-powered incen-
tives disappear if the employee loses all the bargaining
power both in the market for NSHA and in the firm fo;
FSHA. 1In contrast, when p, = p = 1 and 01 = h,, then ffom
(6.3.35-2), k, = (1-b)"P(a+e,"™), i.e., the firm's incen-
tive to invest still exists although it is lower than the
first-best level. The intuition for this difference is
that the firm is the residual claimant. Although it loses
its share of the human assets in the second period bar-
gaining, it still receives the current production output.
This is particularly clear when k is contractible. 1In
that case the firm's incentive is influenced only indi-
rectly by the bargaining power through the employee's

effort.

Summary of the Two-Period Model
In our two-period model, human asset acquisition and
anticipated second-period contract renewal create an

incentive for the employee to work hard in the first
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period. This incentive is not the classical high-powered
type in that it is not created by contingent contracts
that result in short term risk bearing. The low-powered
incentives we have modelled are consistent with the incen-
tives that appear to be in effect for many employees
within most organizations. Furthermore, it provides a
setting within which to examine the role of unverifiable
performance evaluation in management accounting systems.

It is interesting to compare the results of different
incentive mechanisms. We summarize the main results 6f'
the first period contracts in a two-period model in Table
6-1.

A glance at Table 6-1 reveals the following con-
clusions. First, all incentive contracts, either high-
powered or low powered, result in lower efficiency than
that of the first-best bench-mark contract. This can be
shown by observing that ¢ < 1 and 91 < h,, so that all the
coefficients in these cells are less than the first-best
coefficient. Second, for low-powered contracts, contract-
ing on k always creates stronger incentive than not con-
tracting on k. The economic intuition for this result is
that when k is contractible, input distortion comes from

the employee's effort only. Anticipating higher invest-

333



ment from the firm, the employee will expect a higher ex
post gain and correspondingly provide higher effort.
Finally, a comparison between the high- and the low-pow-
ered incentives shows that the high-powered contracts are
characterized mainly by the risk-sharing coefficient «a,
while low—pdwered contracts are determined only by the
bargaining power p and p, (p and p, influence high-powered
incentives too). A more detailed comparison between the

two mechanisms is left for future research.

6.3.5 Multi-Period Model

The results presented in the last subsection can be
immediately extended to a multi-beriod model. Assume that
there are T periods with separating points (o0, 1, 2, -.,T-
1, T). At each point t =1, 2, -, T-1, the firm and the
employee can either terminate théir relationship, or
contract to extend the employment relation for one more
period. The analysis can be started from the last period
and traced back. The last period is exactly the same as
in the two-period model: the employee negotiates a con-
stant wage contract at t = T-1 that reflects his previous-
ly acquired human assets (énd his bargaining power) and
the fact that he will only provide the minimal level of
effort, i.e., e,=0. The firm rationally invests kT==]@.

The second to the last period is the same as the first
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period of a two-period model: the employee will invest
e;..>0 because he predicts that he can capture a p, share
of NSHA and the expected output and a p share of FSHA in
the last period contract bargaining. He will choose e,
to maximize the difference between this bonus and his
personal effort cost, taking the discount.rate into
account. For any t (0<t<T), we have following proposi-
tion.
Proposition 6.12: Assume a;>0. There exist
~incentives for the firm and the employee to
continue their employment relation. The
employee has incentive to insert more than the
minimal effort level in all periods except the
last period. If the bargaining power is con-

stant over time and k is non-contractible, then
{k.,e.}) are characterized by

c/(e,) - YM(Y3,T-t) 6,

1.
[1+yM(y8, T-t) (h,-0,)1 2

b(1-b)%'1 : (6.3.41-1)

i
k, - [1+yM(y3,T-¢t) (h,0,)] P
i
(1-b) * (a + e,) (6.3.41-2)
where h, = ¢, + ¥, 0, = p_¥, + P¥,, and

. _ t o
M(R,t) =1 + R+ - + Rt'1 = 11_% (6.3.42)
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For the case in which k, are contractible events, we
have

Proposition 6.13: Under the same conditions as
Proposition 6.12, if k is a contractible event,

then (6.3.41) become

c/(e.) = YM(y3,T-t)0
1.
(1+yM(yd,T-¢t) ] "> o

l—]_ <
b(1-b) P (6.3.43-1)

1

ky = [1+yM(y3,T-¢t) h] Pe
1

(1-b) ® (a + e,) (6.3.43-2)

It is easy to show that the first-best solution of a

multi-period model is given by (similar to a two-period
model)
i
ke = [1+yM(yd,T-t) A, P
1
(1-b) » (a+e,)
1
c/(e.) = [1+yM(y8,T-t)h,] P

i,
b(1-b) b
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which are the solutions to

kbf}ét (1+yM(y8,T-t)h,]Im -~k -C(e,)

Comparing (6.3.41) or (6.3.43) with the first-best sol-
utions, it is obvious that both of them are inferior to
the first-best solutions. This conclusion holds even as T
goes to infinity, i.e., the employment relation is ever-
lasting.

The incentives created by the anticipation of futﬁre
contract renewal in a multi-period model have properties
similar to those in a two-period model as described by
Proposition 6.11. In addition, we have following proposi-
tion.

Proposition 6.14: In a multi-period model, if

we assume that the bargaining power and human

asset acquisition rates are constant over time,

i.e., all Py P $.» ¥, h,, and Ot are constants,

then:

(1) the employee's effort e, is decreasing
in t;

(2) if the total employment period is long
enough, i.e., T is large enough, then
the employee's effort levels are close
to a constant over time except when
the time is close to termination;

(3) the firm's investment is decreasing in
t:

(4) if T is large enough, the firm's in-
vestment levels are close to a con-
stant over time except when the time
is close to termination.
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Proposition 6.14 provides some interesting results
about the nature of employee incentives. First, the
employee's effort level is, in general, decreasing over
time. Of course this result is derived under our assump-
tion that human asset acquisition is proportional to the
current production output, but this should be also true
when human asset acquisition is positively correlated with
his effort level. The crucial point ié that when an
employee invests effort into a firm's operation, he will
not only anticipate short term benefits but also long term
return. When the number of future periods are decreasing,
his expected return is decreasing which reduces his incen-
tive to invest effort. This is consistent with the fre-
quent observation that senior employees in an organization
work less hard than most junior employees, although the
former get higher salaries. Second, when the expected
employment is long enough, an employee's incentives will
be quite stable over time, except when he is close to
retirement. This incentive is not guaranteed by an
explicit incentive contingent contract, but is motivated
by the firm's and the employee's rational expectation of
future contract renewal. This result seems consistent
with real world observations that most employee's con-
tracts are not a contingent type, but most of them are

quite industrious. Third, the firm's investment behaviour
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is similar to the employees' incentives. In general, the
firm invests less for an employee when he is close to
retirement, but is stable if the expected employment is
long enough.

Finally, we have the fo;lowing generalization of
Corollary 6.10 in a multi-period model.

Corollary 6.15: In a multi-period model, the
condition for the wage increasing over time is

Dn ¥ . .m.- (1-8)B ] +pld .m,-(1-8)A*] >
_pm[ (mt+1_kt4,1) - (mt_kt) ]
-(1-p,) [C(eL,,)-Cle,)] (6.3.44)

The general interpretation of (6.3.44) is the same as
for Corollary 6.10. When the period of employment is long
enough, then based on Proposition 6.14 (2) and (4), the
expected production m, is close to constant over time.
This implies that the right-hand side of (6.3.44) is very
close to zero. Hence, condition (6.3.44) will hold for
any small amount of human asset acquisition, and the
employee's wage will be bid up. This can explain why we
frequently observe that employees' wages are increasing
over the employment period. However, this is not always
true. As commented before, if the employee's production
reduction is large enough, his wage may decrease. This is

different than the Harris and Holmstrom [1982] results.
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6.4 Implications for Managerial Accounting S8ystem Designs

It has long been recognized that information provided
by any accounting system is only a part of the information
circulating in organizations. One particular function of
an accounting system is to harden that information. The
question of why firms choose to provide hard information
has been the focus of accounting research over the last
twenty years. One commonly accepted point of view is
Gjesdal's [1981] insight that accounting information plays
a key role in the stewardship process. Since shareholders
of a firm usually delegate decision-making to managers,
there is a demand for information about the manager's
actions for control purposes. Control is modelled in most
of the existing literature through an agency relationship.
Following Ijiri's [1971] point of view that stewardship
information should be as hard as possible, Gjesdal [1981]
and many others claim that soft information has no value
for stewardship processes.

Our results show that the claim that hardness is a
necessary characteristic of stewardship information is
only true for high-powered incentive mechanisms. William-
son [1985] points out that in hierarchical organizations,
there may exist different mechanisms from those in the
marketplace. In this paper, we formally modelled such a

mechanism with respect to incentives. Our analysis shows
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that there can exist two different kinds of incentives in
organizations. On the one hand, high-powered incentives,
characterized by explicit contingent contracts, depend
crucially on hard accounting information. This is con-
sistent with Gjesdal's insight and most of the existing
incentive literature. On the other hand, .low-powered
incentives are initiated by rational expectations of
future contract renewal. They make use of all availgble
soft or hard information in the organization, perhaps
providing a cheaper way for motivating employees. The
merits of low-powered incentives relative to high~powered
incentives can be summarized as following. First, it can
make use of soft information so that the costs of harden-
ing information are avoided. This economy in information
costs may be significant. Second, since most employees!
tasks and their consequences are mglti-dimensional,'the
design of high-powered incentive contracts may be extreme-
ly difficult, if not impossible. 1In contrast, low-powered
incentives depend on contract renewal, for which it is
easier to subjectively consider a variety of information
that pertains to the multi-dimensional factors that affect
the firm's value.

Thus, we claim that soft information has value in
providing incentives to employees within organizations.

Then why do we observe high-powered incentives in firms,
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particularly at some levels such as top management or
divisional managers? The answer is: (i) for top managers
in a firm, soft performance measures are not available due
to monitoring difficulties; (ii) hard financial accounting
data or inside auditable managerial accounting data are
available at a relatively low cost; and (iii) given the
appropriate hard information, contingent contracts provide
more efficient and effective incentives. While top man-
agers are most likely to be motivated by high-powered
incentives, middle rank managers may face both kinds of
incentives: some part of their compensation may be spec-
ified by contingent contracts that explicitly depend on
available hard accounting data, while other parts of their
compensation, such as base salary and promotion, are based
on all available information about their performance.
Another implication of our results pertains to the
design of managerial accounting systems. Financial ac-
counting data are relatively hard because they are audit-
able by independent auditors based on GAAP. However,
management accounting is an internally oriented system
that need not conform to GAAP. Hence, managerial account-
ing systems may include both hard and soft information.
On the one hand, if the information provided by the system
will be used for explicit contracting purposes, such as a

contract between the top management and a divisional
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manager, then hardness is essential. This kind of infor-
mation must be internally auditable. As mentioned above,
if monitoring is difficult and imperfect, then this may be
the only way to provide incentives for the divisional
managers. On the other hand, if monitoring through the
hierarchical structure is effective, then.hardening infor-
mation is not essential even if the information is used
for incentive purposes. This provides a criterion for
determining the scope of internal auditing.

Our analysis can be extended in several directions.
First, Proposition 6.11 shows thét low-powered incentive
may be influenced by various factors such as the employee
human asset acquisition rate, the discount rate, or the
bargaining power, etc.. Some of these factors may be
controllable within organizations. This suggests that it
may be useful to endogenize various parameters in our
model. The following are some possible examples.

Most obviously, an employee's bargaining power may be
influenced by government regulations or various "internal
regulations" of a corporation. The latter may be expli-
citly or implicitly determined by a firm's reputation or
"corporate culture" (using Kreps' [1984] terminology).
Note that in our model, bargaining power is the ability to
capture the ex post trading gains in contract negotiation.

Proposition 6.11 (2) shows that the employee's incentive
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is increasing as his bargaining power increases when his
bargaining power is small. 1In addition, there is an
equilibrium in which the employee's incentive reaches its
maximum (p, = p = b). There should exist a value of
employee bargaining power between zero and b such that the
firm's net share of the gain is maximized. Given this
fact, the firm may find some way to commit to giving the
‘employee a particular level of bargaining power.

Other parameters that could be'endogenized are the
employee's human asset acquisition rates. In our modél,
these rates are exogenously given and independent of the
firm's investment. It may be possible for the firm to
choose not only the optimal investment level, but also the
way it invests. That is, the firm can allocate resources
to influence both the employees' human asset acquisition
and his production output. This can be done by allowing
¢, and §, to be functions of the investment. For example,
a firm may provide on-the-job training programs so that an
employee can acquire more skill, either NSHA and FSHA, in
a certain period. Then, for the same bargaining power,
the employee's incentive will be strengthened in the
following employment periods.

The second potential extension pertains to the market
influence. More extensive modelling of the market power

(p,) is an obvious area that should be explored. In our
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model, p, is exogenously given. How the labor market
actually operates and how it influences the bargaining
within the firms are very important for fully understand-
ing low-powered incentives.

Other interesting issues may be: (i) to build a model
to incorporate a learning process, i.e., to introduce
uncertainties about an employee's human assets; (ii) to
introduce asymmetric predecision information for connect-
ing decision-making with iow-powered incentives; (iii) to
examine the influence of errors in the supervisor's sﬁb—
jective judgements on low-powered incentives; and (iv)
most importantly, to examine the relation between various

managerial accounting issues and low-powered incentives.
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Tables

TABLE 6-1: Comparison of Incentives Created By Different
Contracts '
e, is characterized by k, is specified by
CONTRACT . .
=-1 =
c’(e)) -@ b(1-b) ® k, - © (1-b) ? (a+e
where @ is stated below where 9 is stated
for each of the con- below for each of
tracts. the contracts.
FIRST-BEST
(BENCH 1 1
MARK CASE) (1+yh,) ® (1+yh)) ®
HIGH-
POWERED 14 =Y
SECOND- (0,+¥6,) [1-a,+y (h,-0,)] * [1-a +y(n,-6,)1 %
¢k NONCON-
TRACTIBLE)
HIGH-
POWERED 1, 1
SECOND- (0;+70,) (1+yhy) » (1+yh;) ®
(k CON-
TRACTIBLE)
LOW- POW-
N 6, [1+y (h,-0,)1 3™ [1+y(h-8,)]1 3
(k NONCON- 1+ - 1+ -
TRACTIBLE) LACERAR LS et LASE e
LoW-
POWERED 6. ( h )%-1 ( b )%
(k CON- 1+ 1+
TRACTIBLE) LAchbtte Y
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Appendix 6

Proof of Proposition 6.1

With A and B, the employee's status quo position is p B

and the firm is (1-p,)B. The Nash problem is

MaX (P - p,B)Pe[A + B - P~ (1-p,)B]'™P

- P-pA + pB

Q.E.D.

Proof of Lemma 6.2
U and V are given by (6.3.12). Note that e and k are
independent of a and B. Take the derivative of (6.3.16)
with respect to B8

pyUP= v Pa - (1-p ) UP=v™P= = 0

p,V- (1-p,)U =0 : (A6.1)

 U=p,(U+ V), V= (1-p,) (U+ V) '

This is result (ii). Take the derivative of (6.3.16) with

respect to «

prUP 'V Pa(m-rao?) + (1-p,) UPVP"(-m) - 0 (R6.2)

Using (A6.1), (A6.2) implies that a = 0, which is result

(i) .
Q.E.D.
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Proof of Lemma 6.3

We first show (1). For any given constants a and B,

(6.3.18-2) < ab(a + e)>1ki P - C/(e) (A6.3)

(6.3.18-3) <« (1-a)(1-b)(a+ e)Pk? -1 (A6.4)
(6.3.19-1) follows directly from (A6.4). (6.3.19-2) is
obtained by substituting (6.3.19-1) into (A6.3). Thus,
both e and k are non-trivial functions of a. This implies
that the derivative of U+V with respect to a willvinclgde
non-zero terms de/da and dk/da. Hence, a will deviate
from the first-best value which is the value when these
derivatives are zero. The proof of (2) and (3) are the
same as in Lemma 6.2. (A6.1) holds because both e and k
are independent of B, while (A6.2) follows from the envel-
ope theorem.

'Q.E.D.

Proof of Lemma 6.4

Again (2) and (3) do not depend on the particular forms of
U and V so their proofs are the same as in Lemma 6.2.
(A6.3) is unchanged but (A6.4) must be changed to (6.3.14-
2) because k is chosen to maximize U+V rather than V.
(6.3.21) immediately follows from (A6.3) and (6.3.14-2).

Q.E.D.
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Proof of Lemma 6.5

Given a constant wage, any non-zero effort increases the
employee's personal cost but provides no benefits, so zero
effort is his rational choice. Let m = aPk'® be the
expected output given zero effort. Let k be the employ-
ee's belief about firm's investment and let k be the true
investment. Then the perceived trading gain is @ - k (if
k is implemented, # = aPk'?), and the bargaining results
in 0 = P (@ - k) and V = (1-p,) (1 - k), where we ignoée
the risk premium since the choice of e and k will not
influence the variances. If k is contractible, then k = k
will be implemented and k is chosen to maximize (m - k).
However, if k is not contractible, then the firm selects k
to maximize its true gain V=m - k - p (& - k), i.e., the
firm claims the whole output and pays the contracted wage
to the employee. This implies that for any given k, the
firm will choose k to maximize m - k. Hence, independent

of the contractibility of k, (6.3.23) is true.

Q.E.D.

Proof of Lemma 6.6

The proof is very similar to the proof of Lemma 6.3.Q.E.D.

Proof of (6.3.33)

The proof is very similar to the proof of Lemma 6.4.Q.E.D.
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Proof of Proposition 6.7
When A' > 0, the fact that a continuing relation superior
to termination is obvious. On the other hand, if A'! = o,
then both the employee and the firm can go to the market
to get the same gains, so a continuing relation has no
positive value.

Lemma 6.5 shows that independent of the contract-
ibility of k, in the last period, the firm will choose k°
given by (6.3.23). Hence, at t=1, the status quo p0514

tions of each party are:

employee: p, (B! + m° - k°) (R6.5)
firm: (1-p,) (B* + m° - k9) (R6.6)
(A6.5) means the employee can go to the market to sell his
B' and his expected production output at the market price,
while (A6.6) means the firm can also go to the market to
buy B' and the same output at the market price. On the
other hand, an agreement with wage w, will bring the two

parties the following benefits:

employee: w, (A6.7)

firm: A + B* + m° - k% - w, (A6.8)

The Nash bargaining solution is the solution to the fol-

lowing problem:
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Max

w.

. (w, - D, (B* + m® - k°)]Pe

[Al - w, + p, (B? + m® - k%) ]*P (R6.9)

Taking the derivative of (A6.9) with respect to w,, and

setting it equal to zero, provides (6.3.34). Q.E.D.

Proof of Proposition 6.8:

Given (6.3.34), we know that in the éecond period contract
the employee always receives a share of HA equal to bAHT%
B'. Thus the employee's total expected return from a '
positive effort input is the sum of two parts: a share of
the current equilibrium production output p (m, - k, -
C(e;)] which is included in the first period wage, and a
share of the acquisition of human assets which will be
paid in the second period wage. -Hence the employee's net

benefits from e, is'

D (f,-K,-C (&]) ) +Y (D,B,+DPA,) +C(&,) -C (&,)

~ P +Y0,m~C(e,) +(1-p,) C (&) -p, K,

(A6.10)

where &, is the firm's perception about the employee's

effort and @, = m(k,,&,). For any given k, and &,, the e,

that maximizes (A6.10) must satisfy

The share of current output is based on the perceived
expectation of the firm and the employee, whereas the HA at
the end of the period depends on the their true expectation.
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Y0,b (a+e)>1Kkl™P - C/(e) (R6.11)
On the other hand, the firm's total expected return from
any investment is equal to its claim m, less the payment

to employee at t=1, i.e.,

ml_ [pm(ml—fl_c (él) ) +C(é1) ] _kl
+ Y [(1_pm) Bl + (1_p)A1]

- [1+y(h,-0,) ] m-k,-p, (f,-K,) -C(&,) (n6.12)

For any given &, and i1, the k, which maximizes (A6.12)

must satisfy

[1+y (B,-6,)] (1-b) (a+&) Pk{® - 1 (A6.13)
Since both parties are rational, in equilibrium ﬁ1== Kk,
and &, = e,, and (A6.11) and (A6.13) must be solved simul-
taneously. This can be done by solving k' from (A6.13) to
get (6.3.35-2) first, and then by substituting (6.3.35-2)
into (A6.11) to solve for C'(e,) to obtain (6.3.35—15.

Q.E.D.

Proof of Proposition 6.9
If k is a contractible event, then k, = k, and (A6.11) is

unchanged. (A6.13) should be replaced by (6.3.30-1),

i.e.,

i 2
k, = (1+yh) B (1-b) P (a+e,) (RG.14)
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This is (6.3.36-2). Substitute it into (A6.11) to get
(6.3.36-1).

Q.E.D.

Proof of Corollary 6.10
The results follow immediately from directly calculating

E[WZ] - W1. QQE.DQ

Proof of Proposition 6.11

Note that the left-hand side of (6.3.35-1) is an increas-
ing function of e,, so we need only show that the right-
hand side's derivative has the correct sign.

(1) Let

. 3,
£ = ‘Y61 [1+Y (hl-el)] b
_11,-1

- YO, R

where R = 1+y(h,-0,). Then

1., L2
% -0,R? "+ yel(%—l)Rb (h,-8,)>0

Here we used the fact that h, 2 91 and R > 0.

(2) Let f be the same as in (1).

df
dy,

- yR%-z [pR + ¥O (L-1) (1-p,)] > 0
1 b m
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From the symmetry of ¢, and y,, the same is true for P, -

(3) £ is the same as in (1).

dr
dp,,

i_ 1.
- Y R? T 4 ¥8, (£-1)RPT (-yiy)

- YI,IIIR%-Z [1+yh1—%791]

>(<) 0 = (6.3.39)
From the symmetry of p and p, in £, we know (6.3.39) is
also true for p.

(4) Let

1. 1.
g=RB b (1-b) B

Take the Log of both sides,
log g = (% -1)1og R+ log b + (% - 1) log(1-b)
Then take the derivative to obtain

4d9 . g L - |
ap - "9 5z 1o9 [R(1-b)] > (<) O

< R(1-b) <(>) 1

1
b>(<) 1 -

Q.E'D.

Proof of Proposition 6.12
The employee receives a share of the current production to

the extent it is included in his negotiated wage. Taking
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his wage as fixed, the employee will select e, to maximize
the stream of future benefits from his acquisition of
human assets A, + B, = (¢, + ¥)X, = htxt.' Hence, his
effort level choice is based on the net present value of

the future benefits

Y (DADB) + Y8 (DBADB) + ... +
+ YT 88751 (pA +D,B,) - C(e,)
= [y(L + 48 + ...+ (¥3)TE) 0, Im, - Cle,)

- YM(YG’ T_t) 06 tmt - C(et) (A6-15)

where M(y§,T-t) is given as (6.3.42). The first-order

condition of (A6.15) is

YM(y 3, T-t) 0 b (a+e, ) P2 k1P - C/(e,) (R6.16)

Similarly, the firm will select k, to maximize the net
present value of investment k, (given that the employee's

current wage has been fixed)

T
m.+ E y7-tdI-et (he=0,) m, - k,
J=t+1
- [1+yM(yd,T-¢t) (h,-0,)]1m - k, (A6.17)

The firm will choose k, such that

[1+yM(yS, T-t) (h,-0,)] (1-b) (a+e,) Pk;® - 1 (R6.18)
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Solving (A6.16) and (A6.18) simultaneously, we obtain

(6.3-41_1) and (603.41'_2). Q.E.D.

Proof of Proposition 6.13
If k is a contractible event, then k, should be chosen to

maximize

T
m + yI-t87-t1h m, - k
‘ 1221 efle = e (26.19)

- [1+M(y3,T-t)h,/]Im, - k,

instead of (A6.17). Thus (A6.18) becomes

[1+yM(yd, T-t) h,] (1-b) (a+e,) Pk® - 1 (A6.20)
Solving (A6.16) and (A6.20) simultaneously, we obtain

(6.3.43-1) and (6.3.43-2). Q.E.D.

Proof of Proposition 6.14

Differentiating (6.3.41-1) and (6.3.41-2) with respect to
M, and noting that M(yé§, T-t) is decreasing in t for fixed
T, provides results (1) and (3). Further observe that as
T goes to infinity, M approaches its limit 1/(1-yé). In
addition, the convergence of M is as fast as (y6§)'. This
implies that, for large T-t, M is very close to a constant
and, hence, e, and k, are close to constants that are

characterized by
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+ Y(ht_e t) ] _};

ke = [2 1-vd

1
(1-b) B (a+e,)

reamy - Y9 Y(h-0,)  F-
Ci(er) 1-vd [1+ 1-v8 ]
1
b(1-b) »

Q.E.D.

Proof of Corollary 6.15

The wage contract for period t and t+1 are, respectively,

Wt = me t + pA t
+ p,(m-k.~C(e,)) + C(e,) (A6.21)
Weer ~ met”1 + pA‘N1

+ Dy (mt+1_kt+1—c (et#l) ) + C (etq_) (A6.22)

The results follow. ‘Q.E.D.
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