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0.2 Summary

In this thesis I explore option valuation from a theoretical standpoint and also from
an empirical perspective. In particular, I address the issue of irreversible decision
making under uncertainty (real options) applied to a firm’s optimal voluntary dis-

closure policy.

In Chapter 2 I conduct theoretical research which utilises a real options approach
to valuing a firm’s voluntary disclosure policy. I derive a threshold, using real options
analysis, on the manager’s belief that disclosing information will impact positively
upon the firm value. I further show that the model I describe provides a violation

to the Modigliani—Miller theorem of investment financing.

In Chapter 3 I extend the analysis outlined in Chapter 2 to estimate the impact
of competition on the timing of corporate voluntary disclosure. In a competitive
environment, a firm’s decision over when to disclose is not only driven by the sunk
cost of making a disclosure and the direct effect of doing so on current and future
payoffs through the market’s reaction, but also by an indirect effect of imperfect
competition. By disclosing, a firm affects its rival’s payoffs and thus its disclosure

timing decision which, in turn, affects the firm’s own payoffs.

In particular, I examine the impact of competition, in a duopoly framework, on
the voluntary disclosure policy of firms. Each firm is assumed to have invested in a
specific product and the manager of each firm must then decide when to optimally
disclose its involvement in the product to the market, while taking into considera-
tion the disclosure strategy of the other firm. A preemption, attrition, or synergy
equilibrium is found, depending on the trade-off between first and second mover

advantages and, also on the advantage from simultaneous disclosure.

In Chapter 4, I extend the benchmark model of disclosure described in Chapter

2 to account for the possibility that the manager is faced with a corporate control
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challenge, with the ensuing possibility of dismissal, if his disclosure policy is too
intransparent for the shareholder’s satisfaction. I derive the manager’s disclosure
threshold, adjusted for the fact that he is faced with the threat of a corporate control
challenge, and I find that the manager’s threshold under corporate control is always
lower than the threshold when no such corporate control challenge is imposed. The
result is intuitive, and it corroborates broadly with anecdotal evidence on voluntary
disclosure theory. Furthermore, the greater the probability the manager is faced
with a control challenge, the more transparent is the disclosure policy he chooses
to adopt, and the lower the agency costs the shareholder may incur as a result of

delegating the disclosure decision to the manager.

In Chapter 5 I extend the familiar geometric Brownian motion and log-normal
jump diffusion models of option pricing and I derive a new specification, termed
the Gamma-Beta jump diffusion (GBJD) model, which separates the “good” news
from the “bad” news components. This specification is comprised of a Gamma dis-
tribution to model the upward jumps, or “abnormal” movements in the underlying
assets, and a Beta distribution to model the downward jumps. The purpose of this
new model specification is to deepen the intuitive realism behind the other more

popular specifications.

The aim of this chapter is to go beyond the log-normal jump diffusion process
introduced by Merton [35] and, through a selection analysis, assess whether the fit
of the model to the data will be enhanced, and importantly, whether its forecasting
accuracy will be improved as a result of distinguishing between the upward and
downward abnormal price movements. Using a sample of securities and indices, I
compare the fit and the predictive power of the three model specifications. I find
that for both, the GBJD specification, which separates the news components, is the

preferred model for the sample series that are examined.
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Chapter 1

Introduction

“For the things of this world cannot be made known without a knowledge of

mathematics”. Roger Bacon (c. 1214-1294)

1.1 Opening Notes

In this thesis I explore option valuation from a theoretical standpoint and also
from an empirical perspective. In particular, I address the issue of irreversible
investment under uncertainty (real options) applied to a firm’s voluntary disclosure
policy. Voluntary disclosure relates to the announcements that are made by firms

outside of their legal and regulatory requirements.

The economic analysis of disclosures at its fundamental level investigates volun-
tary disclosures. Even though provision of information, such as a publicly traded
company’s financial statements, is mandatory, the economic approach is motivated
by the observation that it is only possible to assess the effect of mandatory dis-
closures relative to the disclosures that would have arisen in the absence of such

regulation.



Archival and interview based evidence suggests that firms communicate with the
external marketplace substantially through the information released by means of cor-
porate announcements. Such announcements send desired signals that both inform
investors perceptions and guide their expectations. Although announcements are a
commonplace characteristic of modern corporations, to date, there is no strategic
management theory (to my knowledge) which places announcements at the core of
the management and strategic decision making process. This is in spite of the fact
that Heil and Robertson [22] noted some time ago that the time for such a theory
is long overdue. I seek to address this need in Chapter 2 by introducing a theory
of strategic disclosure and illustrating how, once conceptualised as (real) options, a

framework is provided under which they can be valued and better understood.

Similar to most investment decisions, the decision to disclose information has
three important characteristics. Firstly, the disclosure is irreversible; that is, once
the information has been released to investors, it cannot be taken back. Secondly,
there is uncertainty over the future impact of the disclosure on the share price of the
firm in that the firm’s manager does not know, in advance, how the shareholders will
interpret the information when released. Thirdly, in the case of voluntary disclosure,
the manager of the firm has some discretion over when to release the information.
These three characteristics allow one to plausibly interpret voluntary disclosure as
a (real) option and, together, they interact to determine the optimal voluntary

disclosure policy of the firm.

In principle, a firm can make an announcement about anything it chooses, and
thus, the range of announcement applications is endless. Examples of such announce-
ments include competitive pricing strategies, new product introductions, various
mergers, acquisitions and other alliances, and a range of detailed structural changes
within the firm. However, in practice, firms tend to make announcements only

about key strategic and organisational events that could impact substantially on



their value and success (see Bayus et al. [3]).

I further show, in Chapter 2, that the (benchmark) model of disclosure provides
an example of a violation to the Modigliani-Miller theorem on irrelevance of capital
structure on firm value. The theorem asserts that the mix of debt and equity
financing does not have any impact on the overall value of an investment project.
With respect to the disclosure setting, I show that this assertion does not hold true
when some of the disclosure cost is financed with debt. In particular, the limited
liability aspect of debt dominates the loss to the firm from compensating the lender
for expected default losses, and consequently, the optimal disclosure threshold for
the manager is lower. As such this is an interesting example where excess risk
taking by managers due to limited liability protection of debt financing actually has
a positive social effect since it encourages managers to adopt a more transparent

disclosure policy.

With respect to the model set-up, there is an asymmetry of information between
the manager, who holds all of the information about the firm, and the shareholder
who gains no information until disclosure has taken place at the manager’s discretion.
I address this aspect of the problem in Chapter 4. In particular, I extend the
benchmark model described in Chapter 2 to account for the possibility that the
manager is faced with a corporate control challenge, with the ensuing possibility
of dismissal, if his disclosure policy is too far mis-aligned with the shareholder’s
utility maximising policy. My main finding is that the threat of a corporate control
challenge imposed upon the manager leads to a more transparent disclosure policy

being adopted by the firm.

Another aspect of the disclosure problem is that firms may not always have the
option to delay or withhold its information disclosure. There can be occasions which
make it imperative for a firm to disclose quickly, such as in the face of competition.

They must then try to preempt disclosure by competitors, which could have a neg-
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ative impact on their own profit, relative to the profit of a competing firm. Hence,
there is a non-exclusivity feature inherent in a real option which is not associated
with its financial counterpart. If, on the other hand, delay is feasible, the risk of
disclosure by competing firms, is a cost to delay. The manager of the firm must
weigh this cost against the benefit(s) of waiting for new information when deciding
on what their optimal disclosure strategy ought to be. In such a setting, one must

conduct a game-theoretic analysis of equilibrium disclosure strategies.

In Chapter 3 I extend the analysis outlined in Chapter 2 to estimate the impact
of competition on the timing of corporate voluntary disclosure. In a competitive
environment, a firm’s decision over when to disclose is not only driven by the sunk
cost of making a disclosure and the direct effect of doing so on current and future
payoffs through the market’s reaction., but also by an indirect effect of imperfect
competition. By disclosing, a firm affects its rival’s payoffs and thus its disclosure

timing decision which, in turn, affects the firm’s own payoffs.

In terms of real option applications concerned with competitive equilibrium in
exercise policies, the literature is relatively scant. Furthermore, the application
of game theory to continuous-time models is not very well developed, and can be
quite difficult to implement. However, from the literature that does exist, the gen-
eralisation of the real option approach to include competitive equilibrium exercise
strategies appears to provide very different implications from the standard monop-
olistic setting. For example, one of the most well known results in the real options
literature is the invalidation of the classical net present value (NPV) rule of invest-
ment. However, the inclusion of competitive access to an investment opportunity
leads to a rapid erosion in the value of the option to wait, making the standard
NPV rule a much more accurate description of the actual investment threshold. My

results in Chapter 3 corroborate with this standard result.

The research in Chapter 3 most closely resembles Thijssen et al. [53] from the
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perspective of real options analysis. However, the crucial difference is that they
assume that the value of an unprofitable outcome from option exercise is always
zero, while I do not make such an assumption and allow for a negative impact from
option exercise. By not relaxing the negative impact assumption, my research makes
a noteworthy contribution in that I show how a new equilibrium emerges whereby
preemption is nonsensical. This so-called “synergistic” equilibrium implies that the
optimal strategies of a firm is to never announce, or else to do so only at the same

time as its competitor.

In Chapter 5 I extend the familiar geometric Brownian motion (GBM) and log-
normal jump diffusion (LJD) models of option pricing by deriving a new specifica-
tion, termed the Gamma-Beta jump diffusion (GBJD) model, in which I distinguish
the “good” news from the “bad” news components. This specification is comprised
of a Gamma distribution to model the upward jumps, or “abnormal” movements
in the underlying assets, and a Beta distribution to model the downward jumps. I
compare this new specification with the GBM and LJD in terms of model fit and
forecasting adequacy and find that the GBJD is the preferred specification for both

criteria for the return series examined.

Jumps arise for many reasons, such as sudden financial turmoil, as witnessed
globally in August 2007, litigation issues, or incomplete accounting information.
Hence, searching for models that account for such jumps are becoming increas-
ingly important in terms of financial modelling. In extant literature, a wide range
of continuous-time models have been constructed by choosing different theoretical
structures for the drift, the diffusion, and the jump component of the process (for
example, stochastic volatility and mean reversion). The point of such models is to
improve derivative pricing and portfolio optimisation through reducing the deviation

between model and reality.

While much of the literature has focussed primarily on improving the fit of these



specifications with the data, to my knowledge, there has been very little effort, if
indeed any, to assess their predictive power. The aim of my research in Chapter 5
is to go beyond the log-normal jump diffusion process introduced by Merton [35]
and, through a selection analysis, by assuming a different distributional choice to
model the jump component, in particular a Gamma Distribution for the “good” news
component and a Beta Distribution for the “bad” news component, whether the fit
of the model will be enhanced, and importantly, whether its forecasting accuracy

will be improved.

I use daily returns data for the ISEQ, FTSE 100 and S&P 500 indices and also
from a number of stocks included in one or other of these indices, in conjunction with
cumulant moment matching to fit the models. As expected, the GBM specification
does not provide a better fit over the jump diffusion specifications for any of the
return series examined. This is consistent with economic intuition. The GBJD is
superior to the LJD for eight of the returns series, with the LJD beating the GBJD
for only four cases. This provides strong support for the GBJD specification in

terms of model fit.

From a forecasting adequacy perspective, the GBJD specification also appears to
perform better than the other two specifications. Overall, the results for forecasting
adequacy of the models are not very informative. However, the GBJD has a greater
predictive power for five of the twelve returns series studied, whereas the GBM
and LJD have greater predictive power for only three and four of the twelve series

respectively.



Chapter 2

Valuing Voluntary Disclosure

using a Real Options Approach

2.1 Introduction

Corporate voluntary disclosure has become an important element of capital market
dynamics (Wen [56]) in that it conveys value-relevant information for market pric-
ing. As well as this, it typically contains information related to a firm’s activities
which may not be immediately stated in accounting reports. The issue has become
increasingly topical and important in the aftermath of some major corporate scan-
dals such as Enron, WorldCom and others. Such events have raised concerns over
the transparency of U.S. firms, in particular, the quality of their financial reporting
and disclosures (see Dempster [8]). This chapter demonstrates how a real options
approach to valuation can contribute to our understanding of corporate disclosure,
and in particular, voluntary corporate disclosure which is concerned with those an-
nouncements willingly made by firms which are outside their legal and regulatory

requirements.



One of the earliest findings in the disclosure literature, provided by Grossman
and Hart [19] and Grossman [18], has become known as the “unravelling result”.
If the managers of firms, holding private information, choose not to disclose their
information to outside investors, then the investors will discount the value of the
firm down to the lowest possible value consistent with whatever voluntary disclosure
is made. Once the managers realise this, they will have an incentive to make full
disclosure. Dye [11], however, challenges this result and provides a reasoning for
why it may not always hold. He shows that the qualitative features of an optimal
disclosure policy for management may take the form of a policy dependent on a
cutoff in which management disclose only if the information is sufficiently good,
otherwise they withhold disclosure. His reasoning is due to the uncertainty of in-
vestors about the firm’s information endowment; that is, investors may not be able
to distinguish between managers holding undisclosed information from managers
being uninformed. In such a setting, investors seeing non-disclosure must temper
their inferences concerning the likelihood of a manager having observed bad news
and opting not to disclose by the fact that non-disclosure may have arisen due to
managers being uninformed. Since these early seminal contributions by Grossman
[18] and Dye [11], a large body of work has emerged on corporate voluntary dis-
closure. Verrecchia [54] provides an extensive survey on such voluntary disclosure

models.

The economic analysis of disclosures at its fundamental level investigates volun-
tary disclosures. Even though provision of information, such as a publicly traded
company’s financial statements, is mandatory, the economic approach is motivated
by the observation that we can only assess the effect of mandatory disclosures rela-

tive to the disclosures that would have arisen in the absence of such regulation.

A positive interpretation of carefully timed announcements is that they pro-

vide an opportunity for managers to communicate to the marketplace that they are



aware of, and up to date with, current investor demands and interests. For example,
Subramani and Walden [49], in their study of the market impact of e-commerce an-
nouncements, argue that the reason for the significant positive abnormal returns that
they found were in part because investors viewed announcement of such initiatives

as favourable signals of certain firm attributes.

Importantly, across various streams of research investigating corporate disclo-
sure, there is a growing recognition that the various announcements that firms make
have an inherent strategic value in their power to influence external perceptions di-

rectly and firm performance indirectly (see Bettis [5]).

In principle, a firm can make an announcement about anything it chooses, and
thus, the range of announcement applications is endless. Examples of such announce-
ments include competitive pricing strategies, new product introductions, various
mergers, acquisitions and other alliances, and a range of detailed structural changes
within the firm. However, in practice, firms tend to make announcements only
about key strategic and organisational events that could impact substantially on

their value and success (see Bayus et al. [3]).

In this chapter voluntary disclosure of information relating to the state of the
firm to the marketplace is viewed as a (real) option held by the firm’s manager.
This interpretation links the two strands of literature; real options on one hand
with corporate voluntary disclosure on the other. Exercising the option to disclose
information is a strategic decision on the part of the firm, which implies that the
manager will only do so if he is sufficiently certain that the payoffs are positive;
that is, that the option is deep enough in the money. The payoff to the disclosure
option is measured as the impact of market response to the information on the value
of the firm. This reflects the standard corporate practice to (partly) renumerate
managers based upon the firm’s stock market performance. This, effectively, aligns

the manager’s incentives with potential sellers of the firm’s equity. They, after all,
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are interested in firm value to be as high as possible.

I also adapt the model to show that it provides an example of a violation to the
Modigliani—-Miller theorem on irrelevance of capital structure on firm value. The
theorem asserts that the mix of debt and equity financing does not have any impact
on the overall value of an investment project. With respect to the current setting,
I show that this assertion does not hold true when some of the disclosure cost is
financed with debt. To the extent that debt reduces the manager’s share of the
disclosure cost, the disclosure threshold is lower, and to the extent that limited
liability lowers the manager’s downside risk from making a disclosure, the disclosure
threshold is lower. However, the lender anticipates a likelihood that the manager will
default on his debt obligation, and sets a coupon to (partly) offset expected losses.
To the extent that a higher coupon decreases the profitability to the manager from
making a disclosure, the disclosure threshold is higher. While one may intuitively
expect that after compensating the lender for expected default losses, the net effect
of such debt financing on the optimal disclosure threshold is zero, I show in Section
2.4 that the net effect is negative in that the threshold is lower, and this is owing to

the impact from limited liability.

From a modelling point of view, my paper is most closely related to Thijssen
et al. [52] and Subarwal [48]. The model of the arrival of imperfect signals over
time follows that of Thijssen et al. [52]. That paper analyses the problem of a firm
with the opportunity to invest in a project which has an uncertain profitability and
does not feature the debt financing issue that is central to my paper. Additionally,
they assume that there is no negative impact on firm value through exercising their
investment option. However, making such an assumption in my set-up is not realis-
tic. If the manager makes an announcement, the shareholders may react negatively
and respond by selling off some of their investment in the firm. This implies that

disclosure may, indeed, have a direct negative impact on firm value. This results in a
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lower threshold than the threshold under their set-up. Subarwal [48] shows how the
ideas regarding the value of the option to wait provide a violation of the Modigliani—
Miller theorem, but he deals with uncertainty using the standard framework of real
options literature (see Dixit and Pindyck [9]), whereas in my model, uncertainty is

resolved over time and thus, standard stochastic calculus tools cannot be used.

The chapter is organised as follows; I describe the benchmark model and I solve
for the optimal stopping problem for the disclosure threshold in the next section. In
Section 2.3 I discuss some important properties associated with the optimal disclo-
sure threshold. I analyse the model from another dimension in Section 2.4; namely
if some of the disclosure cost is financed with debt, and Section 2.5 finally concludes.

All proofs are outlined in the Appendix.

2.2 Model

2.2.1 Background and Motivation

Consider a firm which has invested in a new product or technology, and the objective
for the manager of the firm is to determine at what point to disclose this information
to the market, such that his own current expected (discounted) utility from wealth is
maximised. I assume that the product is still in the developmental stage and signals
regarding the progress of the development, which are indicative of the potential
profitability of the product for the firm, are obtained by the manager at random
points in time. Disclosing the signals is analogous to revealing the firm’s involvement
in the product to the market. Furthermore, it is important to assume that the firm
can choose to abandon its investment at any point, before it launches the product.
Thus, by choosing not to make an announcement, if the firm then abandons the

investment, the market may never learn that such an investment took place. This
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implies another option for the manager; namely a disinvestment option. However,

taking account of the value of such an option is beyond the scope of this chapter.

The manager of the firm is uncertain about how the private information he
holds will be perceived by the market. The more positive are the signals he obtains,
the more likely the market will interpret the information favourably. Hence, each
time a signal is obtained, the manager updates his belief as to the likely market
response in a Bayesian way. The assumption of response uncertainty is necessary to
prevent (extremely) high returns from being disclosed, an act that would initiate the
unravelling process described by Grossman and Hart [19]. This source of uncertainty
differs with Dye [11] in the sense that he assumes the uncertainty arises because the

market is unsure what, if any, information the manager has obtained.

There are several reasons why such response uncertainty may arise. One such
reason is that the market can interpret the disclosed information in different ways. In
Dutta and Trueman [10], response uncertainty arises because firms do not know how
investors will interpret the firm’s private information. They present the disclosure of
order backlog as an example. Investors can interpret a high-order backlog favourably
if they believe that it signals high demand for the firm’s product. Alternatively,
they can interpret a high-order backlog unfavourably if they believe that it signals
problems with the firm’s production facilities or a manager’s lack of control over
operations. In terms of the current story, the disclosure of the signals (that is, the
disclosure that the firm has invested in a new product) may be interpreted favourably
by the market in that it signals growth and innovation within the firm through
newer and more improved products. Alternatively, such news may be interpreted
unfavourably as the market views the investment as a costly and risky venture with

little chance of success.

I further assume that all disclosures are (ex post) verifiable; that is, a manager

will not issue mis-leading information in an attempt to alter the market’s perception
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of his firm’s prospects. Stocken [47] examines in detail the credibility of a manager’s
disclosure of privately observed nonverifiable information. His main finding is that a
manager will almost always endogenously truthfully disclose his private information
because if the market perceives lack of credibility in the disclosure, it will ignore it

and this can lead to deeper problems for the firm in the future.

In this model, disclosure is costly and this cost cannot be recouped once the
disclosure option has been exercised. For example, there may be some direct costs
associated with producing and disseminating information; that is, information may
need to be disclosed or certified by a third party such as an accounting firm. I note
that these costs are direct and do not relate to the (indirect) proprietary costs that
are typically referred to in the disclosure literature such as the cost of revealing
firm sensitive information to competitors. There also exists an exogenous oppor-
tunity cost of waiting for more, and possibly better, information signals to arrive.
By waiting for further signals, the manager can be more certain of the overall prof-
itability of the firm (owing to the new investment), which will reduce the likelihood
of misinforming the market and thereby damaging his reputation. These costs of
announcing the information, and therefore exercising the disclosure option, could

greatly outweigh the benefit of disclosure.

Furthermore, I assume that a fraction of the firm is owned by the manager.
Therefore, the manager’s compensation depends upon the firm’s activities, and as
such, he is compensated with a fraction of the option to disclose. If the manager’s
compensation does not depend on the disclosure option itself, then in the absence of
some form of control, the manager should not have any preference for the timing of
disclosure. I assume that the manager’s preferences are quasi-linear in his share in
the firm’s value and, therefore, the manager acts to maximise firm value. In this way,
the incentives of the manager are aligned with those of a shareholder whose only

aim is to maximise firm value. This is consistent with the typical principal-agent
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set-up of Mas-Colell et al. [32].

2.2.2 Model Set-up

I assume that the firm has invested in a project and receives (private) information
regarding the project’s profitability. The manager has, at any time, the option to
voluntarily disclose the information at a sunk cost I > 0. The manager is uncertain
about market reaction to the disclosure. The market reaction to the disclosed infor-
mation can be either good (v = 1) or bad (v = 0) resulting in a change in firm value
of VP > I or V¥ < 0, respectively. Over time, the manager receives information,
the arrivals of which follow a Poisson process with parameter p > 0. Information is
interpreted by the manager as either increasing the likelihood of a positive market
response or decreasing it. Each batch of information, however, is an imperfect signal
which reflects the true market reaction with probability € (1/2,1).! In this set-up,
the number of signals indicating a positive market reaction net of the number of sig-
nals indicating a negative market reaction is a sufficient statistic for the manager’s
optimal disclosure policy. At time ¢ this number of signals is denoted by s; € Z.
Under the assumptions regarding the arrival and precision of information, s; evolves

over time according to

(

1 w.p. [1(7:1)9 + 1(7=0)(1 — 9)]udt
dst =40 w.p. 1— udt (2.1)

-1 w.p. [1y=1)(1 — 0) + 1(1=0)0)udt.

\

Suppose that the manager has a prior over the probability of a positive market

reaction equal to py € (0,1). If, at time ¢ > 0, the manager observes s;, then his

IThis assumption is made without loss of generality. A choice of § = % implies that the signal
is pure noise, since the initial prior is not revised. Furthermore, a choice of § = 0.2 is as informative

as a choice of = 0.8 since the same analysis may be carried out for 1 — 6.
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posterior probability of a favourable market response follows from an application of

Bayes’ rule:

P(s:[VF)P(VF)
(s VE)YP(VP) + P(se|[VN)P(VN)
g
T 0% 1 C(1—0)

Pt = IP(VP|8t) =
]P (2.2)

where ¢ = (1 — pg)/po is the prior odds ratio. Note that p; is a monotonically

increasing function in s;, and that the inverse function is given by

log (1;—”> — log(¢)
log (13%)

This implies that one can either work with the number of net signals or the posterior

(2.3)

8 = 8lp) =

belief. In the following I use both approaches intermittently, depending on analytical

convenience.

If the manager discloses the information at time ¢t > 0, then, conditional on the

prior pg, the expected change in the firm’s value equals
Ul(st) :=p(s)VF + (1= p(s)) VY — L. (2.4)

Assuming that the manager discounts future payoffs at a constant rate r» > 0, his
problem can be formulated as an optimal stopping problem,
U*(s¢) =supE, [e"U(s,)], (2.5)
=t
where [, denotes the expectation conditional on all information available up to and

including time ¢, and the supremum is taken over stopping times.

Problem (2.5) has an analytical solution, which takes the form of a threshold
policy: the manager should disclose the information as soon as the posterior belief
exceeds a certain threshold belief p*. Adapting the arguments in Thijssen et al. [52]
to my setting, this threshold is derived fully in subsection 2.2.3.
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2.2.3 Derivation of the Optimal Disclosure Policy

The critical value of the conditional belief in a positive market response to an an-
nouncement, denoted p* = p(s*), is the point at which the manager is indifferent
between disclosing the information and withholding it. That is, if p; > p*, the man-
ager is confident that there will be a positive trading response to the announcement
if disclosed. On the other hand, if p; < p*, the manager is not confident enough in

a positive response and waits for more information to arrive.

In order to solve for p*, the approach taken is to solve the optimal stopping
problem (2.5) by examining two scenarios. The stopping value, denoted by U(s;)
and given by (2.4), is the expected return to the firm from disclosing the information
to the market immediately. This is the first scenario examined. Such a situation
can arise for two reasons. Firstly, the signals the manager obtains regarding the
firm’s prospects (as a result of its investment) are generally all positive, and the
manager wishes to inform the market of this. Alternatively, the signals may not be
overwhelmingly positive, but the manager is aware that the market, on observing
non-disclosure, may interpret this as the firm being in a worse state than it actually
is. Hence, the manager decides to disclose information to the market to prevent the
value of the firm being discounted too low. This is consistent with the observation by
Healy and Palepu [21] that “voluntary disclosure theory hypothesises that managers

use corporate disclosures to reduce the likelihood of undervaluation”.

The alternative scenario is that it is optimal not to disclose immediately, but to
wait for more signals to arrive. The value of the option, known as the continuation
value, denoted by C(s;), represents the discounted expected value of the next piece

of information.

Under this scenario I assume that it is not optimal for the manager to disclose

the information immediately, but to wait for more signals, even if the most recent
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signal is positive, since overall, the signals are poor, and an announcement would
(most likely) be interpreted negatively by the shareholders, leading to a downward

revision in the market’s valuation of the firm.

Since there are no cash-flows accruing from the disclosure option, C(s;) should

satisfy the Bellman equation over a small interval of time dt,
C(se) = e T Ey[Cs11a1))- (2.6)

This equation says that the value of the option at time ¢ should equal its discounted
expected value at time t + dt, where the time interval dt becomes infinitesimally
small. In a small time interval dt, no information is received by the manager with
probability 1 — pdt. On the other hand, information arrives with probability udt.
If information arrives, the value of the option jumps, either to C(s; + 1) if the
information is deemed to signal a positive market reaction, or C(s; — 1) otherwise.
Assuming that the current number of net signals is s; (and, hence, that the current
posterior belief in a positive market reaction is p(s;)), this implies that (2.6) becomes
Cls) =(1 — rdt){(l — pdt)C(s;) + pdt [p(st)[GC'(st +1)+(1—8)C(s: — 1)]
(2.7)
+ (1= p(0))[0C (s — 1) + (1 = )C (s + 1)]| } + ola).

Substituting for p(s;) using (2.2), dividing by dt and taking the limit d¢ | 0, the

following difference equation is obtained:

Olse+1) — ’“*T“é(st) +6(1—6)C(si—1) =0, (2.8)

where

C(se) = (0° + ((1 - 6)*)C(s).
Equation (2.8) has a general solution given by

Clss) = A8 + Ay B,
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where A; and A, are constants and 0 < 35 < 1 — 0 < 6 < [3; are the solutions to

the fundamental quadratic:
U(B) = p% - (£+1>/3+9(1—0) = {]; (2.9)

Therefore, the value of the disclosure option equals

_ABY + Ay
C(St) — gt ‘+‘C(1 — 9)51'

Imposing several boundary conditions then leads to a solution for the unknowns
Ap, and A,. First of all, if s; = —oo, the probability of the posterior belief ever
reaching p* goes to zero and, hence, the option becomes worthless. So, it should
hold that limg, , o C(s;) = 0. Since 0 < f < 1 — @ this implies that A, = 0.
A second condition is that the value of the option should be continuous at s*.
The third boundary condition is another continuity condition that stems from the
realisation that the point s* — 1 is special. In deriving C(s;) it was (implicitly)
assumed that after receiving the next signal disclosure still does not take place.
But, for s, € [s* — 1,s*), the manager knows that if the next signal indicates a
positive market reaction, then disclosure should take place. Denoting the option

value in the range [s* — 1, s*) by CU, I show it to be given by

= u{[p(st)e + (1= p(s))(1 = O)JU(s¢ + 1)

+ [ = pls)f + (1= O)p(s0)]Clse — D]}

So, the value of the disclosure option is

Cill(s )=
(2.10)

U*(St) = 1(st<s-_1)C(8t) =1 1(St_1351<s*)CU($t) + 1(5125~)U(8t).

This is a free-boundary problem, for which the constant A; and threshold s* can be
found by the continuity conditions C(s* — 1) = CU(s* — 1) and CU(s*) = U(s*).

Solving in terms of p* := p(s*) gives

W = F !
P = [I_VNHH] : (2.11)
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where

.3 (810 + ) = 191 -8)) (2 +1-6) — o1 - 0)3, e

(8 + )~ 191~ 8)) (£ +06) — ub(1 - )8,
and f; > 0 is the larger (real) root of the quadratic equation (2.9).

I note that there is no guarantee that there exists an integer s; € Z such that
p* = p(s¢). In other words, the optimal disclosure threshold in terms of net signals
can be any real number. Since signals are integers this implies that the manager
should wait until the posterior probability, driven by (2.2), exceeds p*. In other

words, the disclosure threshold in terms of net signals is s* = [s(p*)].?

The following theorem asserts that the threshold given by (2.11) is the unique
solution to the optimal stopping problem (2.5). Its proof is outlined in Appendix A.

Theorem 1. The optimal stopping problem for the manager, U*(s;) = sup,», E;[e”""U(s;)],
1s solved by

.

U(St) ’Lf St 2 s*
n Op(st) r  U(s*) U(s*—1)
U*(St) _ 4 T+p <p(s:+1)U(3t + 1) 2 |:/J.(1—0) p(s%) ot p(s*—l)} X
(1= 6)(3)*p(s1)) s —1< s <s"
B1)st—s"+1 r U(s*) | A(s*-1) : *
\ (71) p(st) [#(1_9) p(;*) 4 p(.:"‘—l)] Zf Si = 8= 1

(2.13)
where U(s;) is given by (2.4), p(s) is given by (2.2) and s* := s(p*), given by
(2.3), is the critical number of positive in excess of negative signals above which the

manager will disclose, and withhold his information otherwise.

Additionally, the optimal stopping time, 7%, is given by

7 =inf{t > Os = &'}

2For s; € R, [s(p*)] := min{k € N|k > s;}.
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2.3 Properties of the Optimal Disclosure Policy

In this section I provide an insight into the main features that emerge from the
manager’s disclosure policy. The following proposition shows that the policy under
the current (real options) approach gives a more stringent criterion on disclosure
than the classical NPV approach demands; that is, the manager will wait longer
before disclosing than under the NPV approach. The more stringent criteria is
supported by Dixit and Pindyck [9], and the reasoning is that the classical NPV
approach does not incorporate the opportunity cost of waiting for more informative

signals to arrive through exercising the option immediately.

The manager’s belief threshold under the classical NPV rule (disclose at the first

time when the PV exceeds the cost of disclosure) is given by

I-VN

PNPY = 3B N (2.14)

The proof that p* > pypy proof can be found in Appendix B.

Proposition 1. The real options approach leads to a well-defined threshold proba-
bility, p*, and requires a more stringent criteria on the timing of disclosure than the

classical NPV approach would demand.

The result of a comparative static analysis of the threshold, p*, with respect to
the model’s key economic variables is given in the following proposition, the proof

of which is obtained through simple calculus and is, therefore, omitted.

Proposition 2. The threshold belief in a positive market response, p*, decreases

with VP and VN, and increases with I.

These results are intuitive and are driven by the manager’s policy to maximise

firm value.
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Similar to my paper, Suijs [50] shows that the unravelling argument leading to
full disclosure need not apply when the firm is uncertain about investor response.
In that paper, the firm’s objective is to acquire as much of the investor’s capital
as possible. He assumes that the investor can invest in the firm, a risk-free asset,
or some alternative risky investment project. While I do not make this assumption
directly, implicit in my set-up is that any profit from disclosure is obtained through
acquiring capital investment when the response to the disclosed information is pos-
itive. A lack of information may induce investors to opt for alternative investment
opportunities. Therefore, the greater the impact an announcement will have on the
positive value of the firm, that is, the higher V¥, the less time the manager will wait
before he exercises his option to disclose the information. This is consistent with
Suijs [50] who finds that a stronger positive response makes disclosure a more at-
tractive option (to non-disclosure), and therefore, the firm can be less certain about

the market reaction being positive for disclosure to be optimal.

Conversely, the greater the impact an announcement will have on a negative
trading response, that is, the lower V¥, the longer the firm will wait before making
a disclosure. Unlike Thijssen et al. [52], V¥ # 0, and therefore, if the investors learn
of bad news about the firm’s stock, they will sell off some of their shareholdings
and this lowers the valuation of the firm. Thus, it is straightforward to see why
the firm conceals information that is likely to have a strong negative impact on the
stock price. This is again corroborated by Suijs [50] who points out that a stronger
negative response makes disclosure less attractive compared with nondisclosure, and
thus, the firm must be more certain about being a good firm for disclosure to be
optimal. However, if the news is unlikely to have a very strong negative impact, the
manager will be more likely to disclose the information to prevent the market from
inferring that the firm is in a worse state than it actually is. Graham et al. [17]

conduct a comprehensive survey that asks CFOs to describe their choices related to
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reporting accounting numbers and voluntary disclosure and find that one advantage
for releasing bad news is that it can help a firm to develop a reputation for providing
timely and accurate information. CFOs place a great deal of importance on acquir-
ing such a reputation: 92% of their survey respondents believe that developing a

reputation for transparent reporting is a key factor motivating voluntary disclosures.

The greater the cost of making an announcement, the longer the manager chooses
to wait before making an announcement. This is owing to the fact that if the (direct)
costs of, say, preparing or disseminating information are high, the manager requires
more time to confirm the accuracy of the information signals. By so doing, he
obtains a stronger conviction about how the market will react to the news and the

likelihood of making a wrong disclosure decision is reduced.

The comparative static result with respect to signal quality suggests that the
more informative are the signals, the longer the manager will wait before disclosing
his information; that is, the higher 6, the higher p*. The proof of the following

proposition can be found in Appendix C.

Proposition 3. The threshold belief in a positive market response, p*, increases

with 6.

In the context of my model, the more informative are the signals, the less uncer-
tainty the manager has regarding the impact from his disclosure choice. However,
the comparative static result with respect to 6 appears to be at odds with the intu-
itive and, indeed, widely accepted result in real options literature, that an increase
in uncertainty should have an inhibiting effect on disclosure. In other words, stan-
dard results (Dixit and Pindyck [9], McDonald and Siegel [33], etc.) imply that we
would expect that the more informative are the signals, the earlier disclosure will
occur. However, in the standard framework, all of the uncertainty inherent in the

model is captured by one parameter, namely the variance, whereas in my model,
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the uncertainty arises not only through the quality of the information signal, 8, but
also through the (random) arrival times of the information signals, p, and more
specifically, the manager’s uncertainty regarding how the market will interpret the
information if disclosed. This latter effect is a latent variable, and thus cannot be
measured. While a higher quality signal will reduce the manager’s uncertainty as
to the likely market response, for reasons discussed in Section 2.2.1, it will never
be eliminated entirely. It is the combination of these effects that drive the uncer-
tainty in this model and thus, obtaining an unambiguous conclusion on what the

uncertainty effect should be is not trivial.

In order to understand why a negative relationship exists between the infor-
mation quality of signals and the optimal disclosure threshold, p*, I examine the
probability that disclosure will take place (i) when the true state of the world is
a negative market response and (ii) when the true state of the world is a positive
market response. An increase in this probability corresponds with a lower disclosure
threshold. My reasoning for examining the probability of disclosure is motivated by
Sarkar [41] who suggests that in order to gauge the overall effect of uncertainty on
the level of investment, one can look at the probability that investment will take
place within a specified time period. I note, however, that Sarkar [41] examines
the investment-uncertainty relationship for the standard real options model where

uncertainty is constant over time.

Firstly, I assume that the true state of the world is a negative market response
(y = 0). The probability that the threshold, s*, is reached, and thus that the

manager will disclose is given by

. -
PE) () = (1 ~ 0) , (2.15)

where s; < s*. I give the derivation of this result in Appendix F. Since s; < s*,

the probability of disclosure decreases when the quality of the signals increases.
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Intuitively this is sensible: if the true state of the world is a negative market response
and if the signal quality is high, implying the manager is obtaining accurate, but
negative signals, the likelihood he will disclose quickly decreases and the disclosure

threshold, p*, will be higher.

On the other hand, if the true state of the world is a positive market response

(v = 1), the probability that the manager will disclose before a finite time 7" is given

by

_ i

P(S*)(St) :=/ fs*(t)dta (216)

0

where fs(t) is the unconditional density of first passage times and is given by

0 % St _

el et 21, (2ur/0(1 = ut, 2.1
0= (125) 2t (0BT 0) e 2.17)

I, (-) denotes the modified Bessel function with parameter s; (see Appendix F).

I demonstrate in Figure 2.1 that this probability is an increasing function of
6.2 Hence, when the true state of the world is a positive market response, and the
information quality is high, the probability that disclosure will occur increases, or
equivalently, fewer positive (over negative) signals are required to make disclosure

an attractive option. This is intuitive.

However, concerning the comparative statics with respect to €, Proposition 3
asserts that p* increases in #. This arises from the fact that for certain combinations
of @ with the other parameter values, a low value of s* can be associated with a
high value of p* (see Figures 2.2 and 2.3), that is, the threshold belief is reached
after fewer positive signals have been obtained. This can occur if, for example, one
highly accurate and very positive signal is obtained. s; will only change by +1, but

the likely impact of such information on the firm’s value through a positive market

3The parameterisation is as follows; V¥ =15, VN = —10, I = 5, r = 0.04 and ;. = 4. This

parameterisation is used for all figures in this chapter, unless otherwise stated.
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Figure 2.1: Probability of disclosure for v = 1.

response may be so strong that the manager’s belief variable p; will “jump” upwards

by an amount such that p* is reached.
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Figure 2.2: Comparative statics for p*  Figure 2.3: Comparative statics for s*

with respect to 0 with respect to ¢

Finally, it is possible to say something about the frequency of information ar-
rival on the optimal disclosure policy. Unfortunately, it is not possible to determine
the direction of the relationship between p* and the arrival rate, p, unambiguously.
Therefore, I use numerical simulation results to ascertain the direction of the rela-

tionship. From Figure 2.4, we see that p* is increasing in the arrival rate (for one set
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of parameter values). I repeatedly carried out these computations for a wide range
of parameter values, and can confirm that this result is robust to a wide choice of
values. Hence, for reasonable parameter values, I can conclude that p* increases
in g which, in turn, implies that it decreases in the expected time between signal

arrivals.
Einhorn and Ziv [12] examine corporate voluntary disclosures in a multi-period

setting. They conclude that inter-temporal dynamics occur because a firm’s use of

their private information is assumed to be history dependent.

po
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Figure 2.4: Comparative statics of u with 8 = 0.6 and » = 0.04, fixed.

Their multi-period model demonstrates that by providing current disclosure, the
manager increases the firm’s implicit commitment to provide similar disclosures in
the future. Thus, in the absence of disclosure, the market is likely to infer that
the manager possesses negative information which they consider too unfavourable
to disclose and will consequently revise down their expected valuation of the firm
accordingly. My model supports their result, and goes a step further by showing that
in the absence of disclosure as a direct consequence of receiving few, or no, signals

(as opposed to receiving bad information), the manager will opt to disclose at a

4Dixit and Pindyck [9] show that E[T] = [;* uTe #TdT = =
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lower threshold in an attempt to temper the market’s uncertainty and to prevent it
from inferring that the firm must be withholding some negative information. The
result is further supported by anecdotal evidence. Graham et al. [17] find that
executives believe that lack of clarity, or a reputation for not consistently providing
timely and accurate information, can lead to under-pricing of a firm’s stock. Their
survey evidence suggests that 48.8% of CFOs use voluntary disclosures to correct
an undervalued price. Moreover, Healy and Palepu [21] observe that managers use

corporate disclosures to reduce the likelihood of undervaluation.

2.4 Debt and Voluntary Disclosure

In this section I present an example of a situation where the Modigliani-Miller
theorem on the irrelevance of capital structure is violated. In practice, exceptions to
the theorem are widely observed in many areas of finance. For example, aggregate
debt growth rates are known to be pro-cyclical for households and firms. With
respect to the current setting of disclosure theory, Ahmed and Courtis [1] conduct an
empirical study on factors affecting the level of voluntary disclosure using leverage as
an explanatory variable. In particular, they show that companies with capitalisation
structures showing higher proportions of fixed interest securities relative to equity
are significantly associated with the release of higher quantities of informational

disclosure.

Explanations for the observed violations to the theorem usually rely on some
form of market imperfection, including agency costs, tax distortions, and so on.
Using ideas regarding value of waiting that have been formalised in real options
theory, I show that if a disclosure option resides with the manager, his optimal
disclosure strategy is affected by the form of capital structure. In particular, my main

finding corroborates with Ahmed and Courtis [1] in that the amount of information
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disclosed is positively related to leverage. While they assert that this leverage-based
association may be related to corporate size, in that larger companies tend to use
proportionally higher amounts of fixed interest securities as a financing technique
because of the tax advantages, my reasoning is owing to the lower downside risk
afforded by limited liability. However, their assertion of corporate size is only one
explanation for the observed link, and this is owing to their choice of explanatory
variables. However, adopting a broader interpretation of their result, there is nothing
to suggest that limited liability does not play a part in establishing this causation in
their setting, and thus, my model may provide an adequate theoretical explanation

for their empirical result.

In terms of adapting the benchmark model, I consider how the manager’s dis-
closure policy is affected when some of the sunk costs associated with disclosure are
financed with debt. Asin Section 2.2, I assume that the manager is compensated via
stock options and that he is given complete discretion about the disclosure policy

he adopts.

Typically, it may not be realistic to assume that some of the disclosure costs are
financed with debt since the relative magnitude of such costs are too small to warrant
such an assumption as being plausible. However, the disclosure aspect of whether
to reveal the news about the project is still a contributor to the overall project’s
profitability through V¥, V¥, and I, and thus disclosure is simply a compound
option (an option problem within a bigger option problem) which is beyond the
scope of this section. If there is an injection of debt which generally funds the
project’s sunk costs, some of which are obviously made up of the sunk disclosure
costs, then in that sense, debt is, at least partially, funding the disclosure. The idea
for the coupon rate is similar; that is, part of the payoff from disclosure, if impact
is V¥, is used to repay the debt via the coupon payment and if impact is V¥ then

none of the disclosure payoff goes toward the debt obligation.
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The main reason for the association between debt and disclosure relates to the
manager-lender conflict. Without debt, in an all equity firm, the manager incurs
both upside and downside risk from making a disclosure. However, with debt, the
manager’s downside risk is limited, in that some of the sunk costs of disclosure
are covered, and the lender is assumed to have first claim on revenues obtained
from disclosure up to a fixed coupon, C, which the lender determines. This may
provide the manager with ex post incentives to make decisions that are not in the
lender’s best interest. For example, the manager may opt to disclose some negative
information about the prospects of the firm if he wishes to discourage other players
from entering the market. Recognising this possibility, the lender demands a higher

interest rate on the loan which implies a higher coupon payment.

The manager’s objective is still to maximise his (discounted) expected utility
from wealth, which is equivalent to maximising firm value owing to the compensation
assumption, and the lender adopts a zero profit condition. The disclosure problem
is then to determine an equilibrium belief level, p3*, such that, simultaneously, the
manager’s and the lender’s objectives are satisfied, for a given level of debt. I further

show how the disclosure policy changes as the debt level changes.

2.4.1 Manager’s Problem

The manager gains when the firm’s payoff from disclosure exceeds its debt obligation,
and suffers a loss otherwise. However, he suffers far less damage if his payoff falls
just short, or way short, of the debt obligation, than if all of the disclosure cost was

financed with equity.

Denote by 0 < D < [ the firm’s only debt payment. I assume that if the
response to disclosure is negative, and consequently, the impact on firm value is

VN the firm defaults on its loan; that is, V¥ — (I — D) < 0. In the event of
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a default, the payment to the lender is 0 and the manager suffers by the amount
VN — (I — D) > VY —I. On the other hand, if the response is positive, the impact
on firm value is V¥ and I assume that the manager can meet his debt obligation.
This implies that V¥ — (I — D) — C > 0 and the lender is paid C' while the manager
retains the residual VX — I + D —C > 0.

The expected change in value from disclosure at time ¢, conditional on py, is
given by
UP(s0) =p(s)(VF = I+ D —C)+ (1 - p(s)) (VY ~ (I - D))
=p(s.)(VF — C) + (1 = p(s))VY — (I - D),

(2.18)

where p(s;) is given by equation (2.2).
Solving for the optimal threshold, via an optimal stopping approach (see sub-
section 2.2.3) yields the optimal threshold, when some of the cost is financed with

debt, and this is given by

. E S T~ =%
pd - —(I——T)———\;‘\T—H + 1 (219)

where II is given by equation (2.12). Moreover, (2.19) is a well-defined probability,
if, and only if, (I — D) < (VF — (), which is satisfied.

2.4.2 Lender’s Problem

In this subsection, the problem is outlined from the lender’s perspective. Similar to
Subarwal [48] (who adapts the more standard model of real options, (see Dixit and
Pindyck [9]; McDonald and Siegel [33]) to include a competitive lending sector),
I assume that the lender adopts a zero profit condition. Hence, he gets C' with

probability p;, and zero otherwise. Thus, his profit is given by
7 =p,C — D. (2.20)
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Note that p;, denotes the lender’s belief, at time ¢, about the state of the firm. The

lender acts to attain the zero profit condition implying

== 2.21
pl C ( )

which is a well-defined probability if, and only if, D < C. This implies that he will
only lend to the firm, to help them finance their disclosure policy, if he is sufficiently
well compensated for the likelihood that the firm will default on its debt obligation
if they adopt a very transparent disclosure policy; that is, he will only lend to the
manager if he is prepared to pay a coupon which exceeds the amount of debt he is

given.

2.4.3 Equilibrium

For a given level of debt, I want to find a coupon, C*, such that p); = pj; that is,
the manager’s belief threshold about when to disclose is equal to the lender’s belief
threshold about when to lend. Equating equations (2.19) and (2.21) and solving for
the coupon level C* yields

D((VP—1+D)H+(1—D—VN))

= DIl + (I — D— VW) (2:22)

implying that the equilibrium belief threshold for the manager, and indeed the

lender, is given by
=1

I + 1} . (2.23)

TP g D)
Pa "{ (I—-D)—VN

The main findings from an analysis of this equilibrium threshold are given in Propo-
sition 4 and Proposition 5 below. The proofs are outlined in Appendices D and E,

respectively.

Proposition 4. The equilibrium belief, p*, is a well-defined probability.
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Proposition 5. In equilibrium, the manager will disclose earlier, when some of the
financing comes from debt, than if all of the disclosure was financed with equity; that
is p* < p*. Moreover, the greater the level of debt obtained, the lower the threshold

above which the manager will disclose, in equilibrium.

Firstly considering the manager’s optimal disclosure policy, it has been shown
in Proposition 5 that to the extent that debt reduces the manager’s disclosure cost,
and that limited liability reduces his downside risk, the disclosure threshold is lower.
This is owing to the fact that, with debt, the manager is likely to prefer a riskier
and more transparent disclosure policy because his downside risk is limited; that is,
the loss he may incur from a negative response reduces with the level of debt he

obtains.

However, on the other hand, to the extent that the lender anticipates the likeli-
hood that the response to disclosure will be negative, and thus, the manager defaults
on his debt, he demands a coupon that compensates him for this risk. Thus, the
manager’s payoft from disclosure decreases in the coupon payment demanded, as
does his belief threshold in equilibrium, p}*. Hence, the higher the coupon payment,
ceteris paribus, the longer the manager waits before disclosing as he requires greater

conviction that a positive response will ensue.

Overall, in equilibrium, one might intuitively expect that after compensating
the lender for expected default losses, the net effect of such debt financing on the
optimal disclosure threshold is zero. However, I find that, in fact, the net effect is
negative; that is, the coupon payment demanded is not so high that the manager
requires even greater conviction before disclosing that the response will be positive

than if all his financing arose from equity.

My reasoning for this result is the following: The disclosure threshold is affected

by three main components; the manager’s share of the disclosure cost, I — D, the
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value that goes to the lender that arises directly from disclosure, and an additional
impact of limited liability on the downside risk of making a disclosure. The lender’s
zero profit condition implies that the reduction in the manager’s share of the cost is
exactly offset by the value obtained by the lender. Therefore, the net effect on the
disclosure policy is the impact of limited liability. With limited liability, some of the
downside risk (that is, the risk of a loss in firm value owing to a negative response to
disclosure) is transferred to the lender, and from the manager’s perspective, his own
lower tail of risk curtailed. Stated another way, in the presence of limited liability
debt financing, waiting for more favourable signals is valuable, but not as much as
it is in the standard case, essentially because adverse realisations to firm value after
disclosure (owing to a negative market response) are marginally less costly for the
firm. Hence the manager adopts a more transparent disclosure policy; that is, the

optimal threshold is lower.

2.5 Conclusion

This chapter shows how adopting a real options approach can aid our understanding
of corporate voluntary disclosure. The concept of a disclosure option is proposed
and in this way the corporate disclosure literature is linked together with the real
options literature. The decision to disclose, or withhold, information is strategic
on the part of the firm. This implies that the manager will only announce the
information if he is sufficiently certain that the market response to the information
will have a positive impact on the value of the firm, and thus, on his own utility
from wealth. I derive, and analyse, via a real options framework, an analytical
expression for the manager’s threshold belief in a positive market response to the
disclosed information. I show that the approach taken in this chapter demands a

higher threshold belief in a positive market response than under the classical NPV
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approach.

In an extension to the benchmark model I show that the Modigliani-Miller the-
orem on irrelevance of capital structure on firm value is violated in the instance of
corporate disclosure. When some of the disclosure cost is financed with debt, the
manager adopts a lower disclosure threshold owing to the limited liability aspect of
debt which dominates the loss incurred by the manager through compensating the

lender for expected default losses.

To conclude, there are two points worth noting with regard to relevant issues
which are absent in the analysis. The first is that the market for voluntary disclosure
is assumed to be complete; that is, the payoff to the manager from making a disclo-
sure voluntarily may be perfectly replicated through trading with existing marketed
securities. However, this assumption is at odds with reality, and therefore, an ex-
amination of the same problem, but under the assumption of incomplete markets,
could have an interesting effect on the current results. The second aspect worth
noting is that the manager does not face any competitive pressure whilst deciding
on an optimal disclosure policy. Once again, this assumption is an abstraction from

reality, and I examine this issue in detail in Chapter 3.

Appendix

A Proof of Theorem 1

Denote the stopping set by D = {p; € (0,1)|U*(s;) = U(s;) and s; > s*}, the
continuation set by C = {p; € (0,1)|[U*(s;) > U(s;) and s; < s* — 1} and the
“intermediate set” by I = {p; € (0,1)|U*(s;) > U(s) and s* — 1 < s; < s*}. In
order for U* to solve the free-boundary problem, it must hold that (i) £, U* = 0 in
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C, (i) U*(s*) = U(s*) in I, and (iii) U*(s* — 1) in C is exactly equal to U*(s* — 1)
in [ (see Peskir and Shiryaev [37] pp. 143).
(1)

0 w.p. 1—pudt

dsg=1<q 1 w.p. pdtfp+ (1—6)(1—-p)] (A.1)

—1 w. p. pdt[f(1 —p)+ (1 —0)p).

The infinitesimal generator is given by
GZStU*(St) = T E[U (St) — U(St)]

dtlo dt (A.2)
* : 1 * -
=—rU*(s;) + ‘liltlf(l) E]E[dU (s1)]-

But

i - EIdU" (s0)] =p [Bp(s) + (1= O)(1 — p(s0)] U (st + 1)

+ 161 = pls) + (1= Op(s)] U (s = 1) (A3)
— pU*(sy).
Substituting this into (A.2), and rearranging, yields

el ro U(s®)  Us*=1)1 (B plsy)
20600 =l gy * o=l (3) o (A4

(uﬁf — (r+p)B1 + pud(1 - 9)>'
From this it is clear that £, U*(s;) = 0 if and only if

B — (2 + 1)1 +6(1-6)=0. (A.5)
Since the fundamental quadratic associated with the Bellman equation is given by
(A.5), (i) is verified.

(ii) In I (where s* — 1 < s; < s*),

e M g U(s*+1) 7 Je . p(s*) o
B r4p <0p( )p(s*+1) q /LU( )+ (1 e)p(s*—l)U( 1))
:T i 'u‘pé‘:*) (U(S* + 1)(95‘+1 + C(l al 9)s*+1) (AG)

+6(1-6)8 A1),
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where

b W [es* (£+ (1 —9)) (VP =D +¢(1-0)" <£ +9) (VN —1)} |

Using equation (2.11) to substitute for p(s*), and after some algebraic manipulation,
the expression reduces to U(s*), as required.

(iii) The continuity condition is verified by the following argument:

For s; < s* — 1 (i.e. in C),

r  U(s*) U(s*-1)

U*(S* = ]_) :p(s* — ]_) #(1 = 9) p(S*) + p(S* — 1)
s*—1
=p(s* — 1)/11—6’;_1 (A.7)
Alﬁf*_l

:95*——1 + g(l _ 9)5‘——1 :

Alternatively, for s* — 1 < s; < s*, (i.e. in I)

(et =) = <p(s*—-1)U(s*)(l+ - )+1_9A(s"—1)>

7 4L p(s*) 1B B
H * * ¥
== (@ =D+ (1= 6)(1 = p(s" = 1) U(s")
A ps2
+0(1 - 6) 7 +g(1_9)s*,1) (A8)

=P ((ep(s* —1)+ (1= 8)(1—p(s* — 1)) U(s")

o ey
+ (01 —p(s*—1)) + (1 —0)p(s* — 1)) x
A 552
62 + ((1— 9)5*—2>

By appropriate substitution for A; and p(s*), it can be verified that equations (A.7)
and (A.8) are equal, as required. |
B Proof of Proposition 1

First, I show that p*, given by (2.11), is a well-defined probability.
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p* > 0 if, and only if, IT > 0, where II is given by equation (2.12). If r = 0,
from equation (2.9), 8; =6, and II = 0; i.e. the numerator of (2.12) is zero. Hence
pr=1>0

Finding the total derivative of the numerator of II, denoted n(II), with respect

to r yields:

on(I) On(T)  On(IT) 95,
N i Ty

1
=— (B + 1)~ ub(1 = 6)) + r (= +1-0)
I 1
Bﬁl r
+ W((T’ +[l) <p + 1-— 9) == /19(1 = 9))
This expression is positive since r > 0, 5, > 6 and, trivially, 981 ~ g,
Or

Therefore n(II) > 0.

On the other hand, when r = 0, the denominator of II, denoted d(I1), is Au%(26 —

1) > 0, since 6 > % by assumption. Furthermore
Od(IT)  Od(IT) o ad(11) 0,
ar  Or dp, Or
I} 7
:ﬁ(ﬁl(r + p) — p(l — 9)) + B (/—L =+ 9)

+%%((T+M) <£+9> —u0(1~9)) > 0.

Therefore d(IT) > 0.
This proves that IT > 0 and p* > 0.
p* < 1if, and only if, IT > 0. Indeed, IT > 0, since r > 0, and thus p* < 1.
Hence, p*, given by equation (2.11), is well-defined.

Moreover, p* > pypy, where pypy denotes the belief threshold when the benefits
from disclosure are exactly equal to the (direct) costs incurred. Thus it is obtained
by solving for p, when U(s;) = 0, such that U(s;) is given by (2.4). Hence

I-Vv~N

PNPV = F N (B.1)

37



An algebraic manipulation shows that p* > pypy if, and only if,
II <1

Again, an algebraic manipulation shows that

II<1

—l1-60<6,

which is satisfied, since 6§ > % [ |

C Proof of Proposition 3

From equation (2.11), it is easily obtained that C)” > 0 if, and only if, 2 39 < 0, where

IT is given by (2.12).

To determine the sign of 2 60, one only needs to compare 50'( + 1 — 6) with
E)‘é(ﬁ +6). Since these derivatives have opposite signs, and 1 (r+p) —pf(1—6) > 0,

it is indeed the case that g—g < 0.

Therefore, % > 0. &

D Proof of Proposition 4

It is easily established that p}*, given by equation (2.23), is well-defined if, and only
if, C* < VP — I + D, where C* is given by equation (2.22).

This condition is adhered to when

D«VP—I+DHH%I—D—VW»

< VW T4 D, D.1
D+ (I-D_V¥) = * Sein
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Algebraic manipulation reduces the expression (D.1) and C* < V¥ — I + D holds

once

—(I-D-VN)(WVP-D<0.

This is satisfied since VX > I and I — D — VN > 0, by assumption. &
E Proof of Proposition 5
py* < p* if, and only if,

I-V¥N D

e < —_——
VP _ YN C*’
where C* is given by equation (2.22).

(E.1)

After substituting for C*, an algebraic manipulation reduces this expression to

the condition that (E.1) holds if
VN —(I-D)
VP VN4 D’

where II is given by equation (2.12).

IT >

As shown in Proposition 1, I1 > 0. Additionally, VN — (I — D) < 0 and V¥ —

VN 4+ D > 0, by assumption. Hence, the condition is satisfied. Thus, p}* < p*.

It is, therefore, trivially satisfied that %’% <0. If D=0, pj* =p*. For D >0,
it has just been shown that pj* < p*. Hence, p** decreases in D. [

F Derivation of the Probability of Disclosure

In order to derive the probability that disclosure occurs when the true state of the

world is a negative market response, I define
P%(8) i=P(3esp 2 8 = "85 = 83,7 = 0). (F.1)
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For s; < s*, a second order linear difference equation can be obtained governing
P% (s;). (Of course, P*"(s;) = 1 for s; > s*. From s;, the process reaches either

st + 1 or s; — 1 with probabilities 1 — 6 and 6, respectively, given that v = 0. Thus
P¥(s;) = (1 — 0)P% (s; + 1) + 0P (s; — 1). (F.2)

Using the boundary conditions that P*"(s*) = 1 and lim,,_, o, P* (s;) = 0, a solu-
tion for (F.2) can be obtained and is given by

Poa=(rlg) (F3)

On the other hand, the probability that disclosure will occur given the true state

of the world is a positive market response is

P (s;) :==IP( (3teo,r) : 8¢ > 8% |so = 81,7 = 1)

/fs

where f,(t) is the unconditional density of first passage times and is given by

(F.4)

E

£ (t) = (%)—7 %13, (zu 001 — 9)t> e ht. (F.5)

I;,(-) denotes the modified Bessel function with parameter s;.

This probability equals zero for 7' = oo since 6 > % Hence t € [0, 7] for T < 0.

Additionally the first passage times density is obtained from Feller [14].
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Chapter 3

Valuing Voluntary Disclosure with
Competitive Interactions using a

Real Options Approach

3.1 Introduction

In Chapter 2, I propose the concept of a disclosure option, which is a real option
available to a firm to voluntarily disclose information to the market. The option
to disclose, or withhold, information is a strategic decision on the part of the firm,
implying that the manager will only announce the information if he is sufficiently
certain that the market response will have a positive impact on the firm’s value.
Therefore, a firm with an opportunity to make a disclosure is holding an option
which is analogous to a financial option. When the manager discloses some private
information to the investors, he exercises his option to disclose. By doing so, he
gives up the possibility of waiting for newer information to arrive that might affect

the desirability of the firm’s stock, and hence, have a greater positive impact on its
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profitability. In this way the option to wait has value.

However, firms may not always have the option to delay or withhold its infor-
mation disclosure. There can be occasions which make it imperative for a firm o
disclose quickly, such as in the face of competition. They must then try to preempt
disclosure by competitors, which could have a negative impact on their own profit,
relative to the profit of a competing firm. Hence, there is a non-exclusivity feature
inherent in a real option which is not associated with its financial counterpart. If,
on the other hand, delay is feasible, the risk of disclosure by competing firms is a
cost to delay. The manager of the firm must weigh this cost against the benefit(s)
of waiting for new information when deciding on what his optimal disclosure strat-
egy ought to be. In such a setting, one must conduct a game-theoretic analysis of

equilibrium disclosure strategies.

I extend the analysis outlined in Chapter 2 to examine the impact of competition
on the timing of corporate voluntary disclosure. In a competitive environment, a
firm’s decision about when to disclose is not only driven by the sunk cost of making
a disclosure and the direct effect of doing so on current and future payoffs through
the market’s reaction, but also by an indirect effect of imperfect competition. By
disclosing, a firm affects its rival’s payoffs and thus its disclosure timing decision

which, in turn, affects the firm’s own payoffs.

This research primarily touches on two streams of literature; the literature that
deals with voluntary disclosure and the literature that addresses the non-exclusivity
feature inherent in a real option, in particular, the issue of imperfect competition.
While corporate voluntary disclosure has become an important and topical area of
research in recent years, particularly in the accounting literature (see Verrecchia
[54] for a detailed discussion), there have been very few real option applications
concerned with voluntary disclosure and none, as far as I am aware, concerning

competitive interactions between firms in determining equilibrium exercise policies
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from a real options perspective. Therefore, such an analysis should provide an

interesting and useful contribution to the literature.

In terms of the competitive aspect of voluntary disclosure, the literature deals
with the dilemma with regard to information sharing between firms. According to
Bettis [5], “much of the information that would make cash-flow more forecastable
for the shareholder is the same information that is competitively valuable. Typi-
cal examples include detailed discussions of strategy, new product characteristics,
market share objectives, new process innovations and plant costs and capacities”.
Furthermore, “the information that investors need to forecast future cash-flow with
less uncertainty is the same information a competitor may be able to use to thwart
the realisation of this cash-flow. Thus, information disclosure becomes a trade-off

with investors and competitors working at cross purposes”.

Models in which competitive issues give rise to a preference for withholding
disclosures include Gal-Or [16], Li [30], and Spulber [45]. A key finding in these
studies is that the particular form of competition (Bertrand versus Cournot) can

have a substantial influence on the firm’s ex ante preference for disclosure.

In terms of real option applications concerned with competitive equilibrium in
exercise policies, the literature is relatively scant. Furthermore, the application of
game theory to continuous-time models is not very well developed, and can be quite
difficult to implement. However, from the literature that does exist, the generalisa-
tion of the real option approach to include competitive equilibrium exercise strategies
appears to provide very different implications from the standard monopoly setting.
For example, one of the most well known results in the real options literature is
the invalidation of the classical NPV rule of investment. However, the inclusion
of competitive access to an investment opportunity leads to a rapid erosion in the
value of the option to wait, making the standard NPV rule a much more accurate

description of the actual investment threshold.
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This typical result is shown clearly in a basic example provided by Dixit and
Pindyck [9]. The example they present is based on Smets [43] and essentially it
demonstrates the tradeoff between the value of waiting and the fear of preemption
by a rival which suggests the need to invest sooner. The parameters of the model

determine which of these considerations holds most weight.

This paper most closely resembles Thijssen et al. [53] from the perspective of
real options analysis. However, the crucial difference, in terms of technicalities, is
that they assume that the value of an unprofitable outcome from option exercise is
always zero, while this paper does not make such an assumption and allows for a
negative impact from option exercise. By not relaxing the negative impact assump-
tion, the current paper makes a noteworthy contribution in that it shows how a new
equilibrium emerges whereby preemption is nonsensical. This so-called “synergistic”
equilibrium implies that the optimal strategies of a firm is to never announce, or else

to do so only at the same time as its competitor; that is, simultaneous disclosure.

In this chapter I consider two firms whose managers each have the opportunity to
disclose to the market some private information about the profitability of a product,
or technology, in which each firm has invested. Information signals indicating the
strength of the product’s profitability are obtained by the managers at random
points in time. Hence, disclosing the signals will impact positively or negatively on
the value of their respective firms. I assume that prior to disclosure, the market
is unaware that the firm has invested in the product. Thus, signal disclosure is

analogous to disclosing that they have made an investment in the product.

In Chapter 2, a threshold is derived on the probability of a positive shareholder
response, above which the manager will opt to make an announcement and otherwise
withhold the information from the market. The problem is solved as an optimal
stopping problem by examining a number of scenarios whereby the manager has

the option to disclose some set of signals to the market. In this chapter I use
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that threshold as a benchmark to examine how the influence of competition (in
a duopoly framework) impacts on the disclosure timing decision of a firm. I find
that a preemption, attrition, or synergy equilibrium arise, depending on the trade-
off between first and second mover advantages and, also on the advantage from

simultaneous disclosure.

This chapter is arranged as follows; I describe the set-up of the model in the next
section, while in Section 3.3 I outline some of the equilibrium concepts for timing
games that have been developed by Fudenberg and Tirole [15]. In Section 3.4 I solve
for the equilibria of the game. I provide a numerical example in Section 3.5 to help

better explain the theoretical results and Section 3.6 finally concludes.

3.2 Model

3.2.1 Background and Motivation

Consider two firms, both of which have invested in a new product or technology,
and the problem for the manager of each firm is to determine at what point to
disclose this information to the market, whilst taking into account the other firm’s
potential strategy. I assume that the product is still in the developmental stage
and signals regarding the progress of the development, which are indicative of the
potential profitability of the product for the firm, are obtained by both managers at
random points in time. The uncertainty primarily arises from the managers being
unsure how the market will respond to such an announcement. The more positive
the signals they obtain, the more likely the market will interpret the information
favourably. Hence, each time a signal is obtained, the managers update their beliefs
as to the likely market response, in a Bayesian way. It is important to assume

that each firm can choose to abandon their investment at any point, before they
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launch product. Thus, by choosing not to make an announcement, if the firm then
abandons the investment, the market may never learn that such an investment took
place. This implies another option for the managers; namely a disinvestment option.
However, taking account of the value of such an option is beyond the scope of this

chapter.

I assume that both firms compensate their managers via stock options, and
hence, for each manager, the activities of their firm impacts upon their own utility
from wealth. Their objectives are, then, to maximise the discounted expected cur-
rent value of their respective firms. I show in Chapter 2 that once the manager is
compensated via stock options, they act so as to maximise firm value, and this is

irrespective of the amount of stock they hold.

In terms of the competitive aspect of the problem there are two possibilities;

either a Stackelberg competition arises or both firms disclose simultaneously.

After disclosure has taken place by at least one firm, the other firm then knows
how the market interprets the signals, or equivalently, they know the market’s in-
terpretation of such a firm’s prospects given that they have invested in the product.
Hence, in the case of Stackelberg competition, there is an information spillover from
the leader to the follower, which creates a second mover advantage. The follower
then decides immediately on whether to reveal his involvement in the product. I
assume that this does not take any time.! If one firm discloses at a time 7 > 0,

the follower will either disclose at 7 as well, or not at all. This case is distinguished

'While the assumption that the follower reacts immediately may not seem realistic, it is not
restrictive. If there is a time lag between disclosure of the leader and the follower, this only has
an influence on the payoffs via extra discounting by the follower. The important point is that the
game ends as soon as one firm has disclosed, because at that point the decision of the other firm
is made as well. The fact that the actual disclosure may occur at a later date is irrelevant for the

quantitative analysis.
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from the case of siinultaneous competition where both firms also disclose simulta-
neously at 7. However, at the time of disclosure both firms are uncertain as to how
the market will respond to the announcement; that is, there is no second mover

advantage.

As in Chapter 2, I further assume that all disclosures are (ex post) verifiable;
that is, a manager will not issue mis-leading information in an attempt to alter the

market’s perception of his firm’s prospects.

3.2.2 Model Set-Up

The managers both hold an option to voluntarily disclose their involvement in the
product, via the signals they obtain, to the market and they are uncertain about
how this information will be perceived. If the revelation is regarded positively by
the market, this will result in a rise in the value of the firm by an amount V¥ or, if
regarded negatively, a fall in the value by an amount V*, when the announcement
is made, such that VN < 0 < VP. VP and VV are the infinitely discounted values
resulting from making a disclosure, discounted at a constant rate r € (0, 1). In this
model, disclosure is costly and the sunk cost involved from making a disclosure is
denoted by I > 0, for each firm. It is important to note that these costs are direct
and do not relate to the (indirect) proprietary costs that are typically referred to in
the disclosure literature such as the cost of revealing firm sensitive information to

competitors.

In the case that the market response is favourable, the leader’s payoff equals
VF > 0, whereas if it is not favourable, the payoff is V¥ < 0. If the response is
favourable, the follower will immediately disclose and obtain V£ > 0, but will not
disclose if the response is unfavourable, so V2~ = 0. The sunk costs incurred by

each firm on making a disclosure are denoted by I > 0. Without loss of generality,
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Iis assume V7 > VX' > I. Hence there is a first mover advantage if the disclosure
results in a positive market response, and disclosure is profitable for both firms. In
other words, the positive payoff to the manager who is first to disclose is greater
than the positive payoff to the manager who follows and discloses in response to the

leader’s action.

If the market response is not positive, the payoff is V¥ < 0 (or a first mover dis-
advantage). If the response is unfavourable, the follower observes this and benefits
because he can make his disclosure decision under complete information. This in-
formation spillover to the follower when the leader has disclosed earns him a second
mover advantage. To ascertain whether the leader or the follower is in the better
position the magnitudes of the first and second mover advantages have to be com-
pared. If both firms disclose simultaneously, and the response is positive (negative),
both receive Vi > 0 (Vi < 0), such that V¥ < Vif < VF and V¥ < V{J < 0.2

When a firm has the option to disclose their involvement in the product to the
market, I assume that the manager has some ez ante belief about the market reaction

to the announcement being either positive or negative. The prior probability of a

positive reaction, and therefore, an increase in the firm’s value is given by
P(V") = po, (3.2.1)

and this is identical for both firms.

I further assume that at some random points in time, both firms obtain imperfect
signals, from various sources, indicating whether the profitability of their investment
product is positive or negative. A high quality signal occurs with probability 6 > %
The signals are observed by both firms simultaneously as both have invested in the

same product.

2Note that the payoffs are regarded as an infinite stream of earnings per share, 7T;, discounted

at rate r > 0; ie. Vi = [Pe"rldt = 1xl,i=P,N and j=L,M,F.

g
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The signal arrivals are modelled via a Poisson process with parameter p > 0;
that is, the probability that the manager obtains a signal is pdt and 1 — pdt if no

new signal is obtained.

I assume that both firms have an identical belief p, € (0,1) that the market
response will be positive at time ¢. Similar to Thijssen et al. [53], I denote by pa
the belief such that the ez ante expected payoff for the follower, denoted by F'(-),
equals the ez ante expected payoff of simultaneous disclosure, denoted by M(:);
that is, pas is such that F(par) = M(pa). When p; > pyy, both firms will disclose
simultaneously, before the market interpretation is known. On the other hand, if
one firm discloses when p; < pys, it is not optimal for the other firm to do so also

at time ¢.

If the leader discloses at a point where the belief in a positive response is p;, the

leader’s ez ante expected payoff can be written as

VE+ (1 —p)VN -1 ifp, <py
L(p:) = pVy +(1—=p)Vg Dt < Pm (3.2.2)

peVii+ (L —p)Vi} — 1 if pe > py.

The follower only discloses in the case of a positive market response. Hence, the
ex ante expected payoff for the follower, if the leader discloses when the belief in a

positive response is p;, is given by

2 if py <
F(p,) = 2V = 1) B (3.2.3)

PV +(1— p)Vil =1 if po > pur.

Finally, in the case of simultaneous disclosure at belief p;, each firm has an ez ante

expected payoff given by
M(p:) = p:Vig + (1 = p)Vay — . (3.2.4)

The preemption belief, denoted pp, is defined as being the belief at which the man-

agers are indifferent between being the leader or the follower; that is, L(pp) = F(pp).
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Equating equations (3.2.2) and (3.2.3) gives the preemption belief

— i =T (3.2.5)
P VE-VE - -) *
which is well defined for I > V}V.
Equating equations (3.2.3) and (3.2.4) for p; = pas gives
= N
Vir (3.2.6)

Pm = )
Y WVE-VE - =D
which is the belief threshold above which both firms find it optimal to disclose

simultaneously.

A graphical depiction of the situation is given by Figure 3.1 for a specific numer-

ical parameterisation defined in Section 3.5.

It must be noted that a knife-edge result on whether the preemption belief
threshold is below the threshold where both managers disclose simultaneously is
not possible to obtain. However, pp < pjs for

VN T

VP —VE > (Vi = V) (3.2.7)

Indeed, if pp > pas preemption is nonsensical, since a point above which both firms
try preempting each other cannot intuitively exist after both firms have disclosed
simultaneously. This point is particularly important because it is the main contri-
bution of this paper, and it is the point whereby this paper differs from Thijssen
et al. [53]. They assume that VjN =0 for j = L, M, F, and hence, they find that it
is always the case that pp < pps. However, in this paper, V¥ and V} are assumed

to be non-zero, and consequently the inequality pp < pjs does not always hold.

The intuition governing equation (3.2.7) is the following; the simultaneous dis-
closure effect outweighs the information spillover; i.e. pp < pas, when the magnitude

N_
of the first mover advantage, V' — V/F', is greater than a multiple ;LN_—ﬁ (> 1) of
M
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the cost to the follower from not making a simultaneous disclosure with the leader,
o

To compute the managers’ belief that there will be a positive response to the
announcement, p; := p(s;), one must apply Bayes’ rule because their beliefs as to
the profitability of the product are updated each time a new signal arrives. From

Chapter 2 this is given by

g5
pst) = 5, A= (3.2.8)

where ( = 1;% denotes the unconditional odds of a negative shareholder response
and s; the number of positive signals in excess of negative signals obtained by the

managers at time .

Furthermore, from equation (3.2.8), a solution for s, can be obtained and is given

by

i (lg‘pl? " logg. (3.2.9)

St =

3.3 Equilibrium Concepts for Timing Games

In this section I outline a formalisation of strategy spaces and payoffs for continuous-
time games. This formalisation is developed in Fudenberg and Tirole [15] and Thi-

jssen et al. [53].

Let (Q, F, (Ft)o<t<oo, P) be a filtered probability space such that Fy contains all
the P-null sets of F and the filtration (F;)o<t<co is right-continuous. It is assumed
that the stochastic process (Y;):>o captures all of the uncertainty on the filtered

probability space.

In the current chapter, a player’s only decision is to choose a (single) time to

disclose information signals to the market. The starting point of the game is t = 0.
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A strategy consists of both a distribution function and an intensity function. All

the definitions below are defined for each path (Y;(w)):>0, resulting from w € Q.

Definition 1. A simple strategy for player n € {i,j} in the subgame starting at
to € [0,00) is given by a tuple of real-valued functions (G, af0) : [tg,00) x Q —

[0,1] x [0, 1], such that for all w € ©

1. G(-,w) is non-decreasing and right continuous with left limits;
2. of(-,w) is right continuous with left limits;

3. if a(-,w) = 0 and ¢t = inf{u > ty|af®(u,w) > 0}, then the right-derivative of

alo(u,w) exists and is positive.

Denote the strategy set of simple strategies of player n in the subgame starting at
to by S:(to,w). Furthermore, define the strategy space by S*(to, w) = Il,=; ;S (to, w)
and denote the strategy at t € [to, 00) by s%(t,w) = (G2(t,w),
ap (t,w))n=ij-

Simple strategies allow for several disclosure strategies. G! is interpreted as the
cumulative probability that one player has disclosed before, or at, time t. Addition-
ally, it allows for continuous disclosure strategies (used in war of attrition models)
and single jumps. of is a measure for the “intensity” of the atoms in the interval
[t,t + dt]. This intensity function allows for coordination between firms in cases
where disclosure by one firm is optimal, but simultaneous disclosure is not. The
intensity function is included in the strategy space to replicate the discrete time
results that are lost by modelling in continuous time (see Fudenberg and Tirole [15]
for a more in-depth explanation). Briefly stated, as soon as the intensity function is
non-zero, a game is played where both managers disclose with probabilities a; and

a;, respectively. The game is repeated until at least one of the firms has disclosed.
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Playing the game is assumed to cost no time, so that the stochastic process Y; re-
mains constant during this repetition process. The third condition is imposed for

technical convenience.

The definition of simple strategies does not a priori exclude the possibility that
both firms choose an intensity function that turns out to be inconsistent with GY,.
In equilibrium it should naturally be the case that such inconsistencies do not occur.

Therefore, the notion of a-consistency is introduced.

Definition 2. A tuple of simple strategies ((G%, af0)),—; ; for the subgame starting

at tg > 0 is a-consistent if for all w € 2 and t > t,

al(t,w) — o (t—,w) # 0 = G2 (t,w) — GO (t—,w) =
0 (t,w) + 0 (¢, w) — (¢, w)o (t,w)

(1-GP(t—,w))

Definition 2 requires that if for either firm there is a jump in the intensity func-
tion, then the jump in the cumulative distribution function of both firms should
equal the probability that the firm discloses by playing the game described above.
Note that if o{°(¢,w) — a{°(t—,w) # 0 and a/°(t,w) = 1, then a-consistency implies

that G (¢,w) = 1.

Let the payoff function for firm n € {i, j} in the subgame starting at ¢, be given
by V,, : [0, 00) X S%(tg,w) — R. An a-equilibrium for the subgame starting at to > 0

is then defined as follows:

Definition 3. A tuple of simple strategies s* = (s*(w))weq, s*(w) € S*(ty,w), for
all w € Q, is an a-equilibrium for the subgame starting at ¢, if for all w € Q, s*(w)

1S a-consistent and

Vne1,2)Vsness tow) : Valto, s*(w)) = Vi(to, 8n, 8%, (w)). (3.8.2)
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A caveat with a-equilibrium is that it does not exclude time inconsistent strate-
gies. Hence, we need a family of strategies (G!(-,w)), otherwise known as a closed
loop. This closed loop is necessary, because to test for perfectness, strategies con-
ditional on zero-probability events must be defined; in other words, it is needed to
define a subgame perfect equilibrium. Furthermore, let for all w € Q and to > 0, 7

be defined as 7 = min,—; ;{inf{t > to|alo(¢t,w) > 0}}.

Definition 4. A closed loop strategy for player n € {i, 7} is for all w € Q a collection
of simple strategies (G%(-,w), & (-, w))o<t<oo, With (GL(-,w), (-, w)) € Si(t,w) for
all t > 0 that satisfies the following intertemporal consistency condition for all

w e Q:

Voctcucvcoo : U =inf{r > t|¥; = Y, } = G (v,w) = G%(v,w)
and

ol (v,w) = a¥(v,w).

(3.3.3)

The set of closed loop strategies for player n € {i,j} is denoted by S¢(w). As
before, the strategy space is defined by S (w) = II,—; ;S (w).

A consistent a-equilibrium is defined as follows:
Definition 5. A tuple of closed loop strategies § = (3(w))ueq, §(w) € S%(w) all
w € 2 is a consistent a-equilibrium if for all ¢t € [0, 00), the corresponding tuple of

simple strategies ((G!, of), (G%,a!)) is an a-equilibrium for the subgame starting at

L

For the remainder of the analysis, let w € 2 be fixed. For notational convenience,

w will be dropped as an argument.

o4



3.4 Equilibria of the Game

Suppose, for now, that one firm, say firm ¢, has been preassigned the leader’s role
and firm j can only disclose once the leader has done so. In this case, there exists
a py € (0,par) such that the ez ante expected payoff for the leader is greater than
the ex ante expected payoff from simultaneous disclosure; i.e. L(p;) > M(p;). The
intuition is that for such a belief, p;, the leader’s decision has no effect on the optimal
response of the follower. Thus, the leader acts as if there is no follower and becomes
a monopolist. From Chapter 2, it is optimal for the leader to disclose when p; hits

the threshold

B D_/gT_/Tin * 1J N : (3.4.1)
where
T <51(T+N)“M9(1~9)) (£+1—0>—u9(1_9)51 i
(‘31(7‘ + ) — pd(1 - 9)) (ﬁ + 9) — uf(1 - 0)5 S
and
g 712tcﬂ+%\/<£+1>2—49(1—9) > 0. (3.4.3)

From equation (3.2.9), it is easy to verify that s; is increasing in p;. Then sp :=
s(pr) > sp := s(pp) when p;, > pp. This is true for

—V‘L/PLP__V;E > 1. (3.4.4)
The left-hand side (LHS) of equation (3.4.4) is the cost to the follower for waiting to
obtain the information spillover relative to the leader’s payoff. Comparative statics
show that this relative cost is increasing in V¥ and I. The greater the payoff to
the leader, the more the follower “suffers” as a result of not having been the first to

disclose. Similarly, the higher the costs of disclosure, the more severely his payoff

after disclosing will be impacted, and thus, he pays a relatively higher price for his
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second mover advantage. Conversely, this price is decreasing in V£, which intuitively

makes sense.

Comparative statics show that the right-hand side (RHS) of equation (3.4.4) is
decreasing in signal quality, 6, and in general signal quantity, . Intuitively, the value
of the information spillover to the follower is greater when the quality and quantity
of the information signals are low; that is for lower values of § and (in general)
w. Hence, if a manager becomes the disclosure leader, he provides relatively more
information to his competitor when the quality and quantity of signals are low, and
thus, for the RHS of (3.4.4) relatively high, compared with when the RHS of (3.4.4)
is low. This shows that (3.4.4) is essentially a relative comparison between the first

and second mover advantages.

I further note that pp > p%p,,. This implies that preemption, in a real options
framework, still asserts later disclosure than the traditional net present value (NPV)
rule would suggest. However, it is not possible to obtain an unambiguous relation-
ship between p% p,, and pys; that is, between the classical NPV rule and the point at
which firms will disclose simultaneously. This is due to the fact that the condition

pum > pp only holds for certain values of V! (i € {P,N} and j € {L, M, F}) and I.

3.4.1 Preemption

If pp > pp, the leader advantage outweighs the information spillover. This implies
that the firm who first discloses that it has invested in this new product will benefit,
through an increase in outside investment, more than the firm who waits to ascertain
how the market will react to the information. This is because the signals regarding
the product’s development are sufficiently good that each firm wants to be the first to
disclose that it has undertaken this investment, and thereby, attain a greater positive

impact on its value than the impact it would obtain from being the follower. The
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likely reaction to the firm that is the follower, while it will be positive, will be more
muted than the reaction to the leader’s disclosure, simply because the revelation is
less novel from the follower. Additionally, in this instance, the signals are sufficiently
strong that neither firm feels the need to wait for their competitor to disclose its
decision to invest in the product so that they may observe the market’s reaction to

this information. This type of scenario will be covered in the following subsection.

For pp < p: < pum, the optimal of (-) function is obtained through maximising
firm ¢’s payoff in a competitive game such that if neither firm discloses, the game is

repeated, and can be repeated infinitely many times.

I denote firm ¢’s payoff by V;. Then

V;(to, Si, Sj) :aiaj]\l + ai(l —= aj)L 5 (1 = Oli)Q/jF s
+ ooy (1— o)1 — )T M

+ (1 — )T (1 — o)7L

A Cl/.j(l - Ofi)T(l _ aj)T—lF (345)

= (@i M + ai(1 — o5)L + (1 — ;) F) x
{7 R

D> (1 —a)1 -y

t=0

Yaly

If dt is the size of one time period and if T := T'dt, then T — 1 = % — 1. Hence,

letting dt | 0, the summation over ¢ is from 0 to oo, implying (3.4.5) is the infinite

sum of a geometric series with common ratio (1 — «;)(1 — a;) < 1. Therefore

. OliO[jM + Oli(l - ij)L Sl Olj(l — O{Z)F

4 T— (=)l —a)

(3.4.6)

Maximising this expression with respect to «; (and noting that only symmetrical

o7



strategies are considered) gives

L(p:) — F(p:)

“ T Llp) - M(p)
e (VE-VE) +(L—p) (V& -1 (3.4.7)
T (VE-VE)+ QA —p) (VY -Vi)

=Q;.
Let (7, —j|7) denote the probability that firm 7 is the only firm that discloses at
time 7. By a similar limiting argument to that already outlined in equation (3.4.5),

Q; (]. — (Xj)

P(i,jlr) = (3.4.8)

@+ a5 — QG ‘
If P(7, j|7) denotes the probability that both firms disclose simultaneously at 7,

CYiOéj

P(i, jlr) = (3.4.9)

a; + a; —
To analyse the equilibrium outcome in the preemption game, I consider three sepa-
rate regions; (i) p; < pp, (ii) pp < pt < pum, and (iii) p; > par.

Region 1: If p; < pp, the payoft to the follower from disclosing at p; is greater
than the payoff to the leader; i.e. F(p;) > L(p;). Therefore, neither firm wants to be
the first to disclose and both will abstain from disclosing until the excess number of
positive over negative signals, sp, has been reached. Intuitively, the excess number
of positive signals is insufficient for the manager to be confident of a positive market
response to the revelation that they have invested in such a product. Therefore,
each firm would prefer to wait until the other firm has disclosed so as to obtain the

information spillover before deciding whether to make an announcement or not.

In equilibrium there are two possible outcomes. In the first outcome, firm ¢ is
the leader and discloses when the belief is pp and firm j is the follower and discloses

at pyr. The second outcome is the symmetric counterpart.

Region 2: If pp < p; < pas is the starting point of the game, both firms try to

preempt each other to obtain a first mover advantage since L(p;) > M (p;). However
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pr < py implies that the belief in a positive response is not strong enough such that

simultaneous disclosure is optimal.

If p; = pp, recall that F(pp) = L(pp), and thus, from equation (3.4.7), a; = 0.
The probability that i is the only firm that discloses is zero, from (3.4.8). Similarly,
the probability that both firms disclose simultaneously is zero, from (3.4.9). How-
ever, firm j invests with probability one because P(—i, j|7) = % = 1. Thus,

the expected disclosure payoff for firm i is zero and for firm j is P(—i, j|7)F(pp) =
F(pp).

However, if p, > pp, L(p;) > F(p;) which implies «;(p;) > 0. The probability
that firm ¢ discloses at p, and firm j at pys is given by (3.4.8). Both firms disclose
simultaneously at p; with probability given by (3.4.9), leaving both with a low payoft
M (p)(< F(pt)). The expected payoff to each firm is then

P(i, ~j|m)L(pe) + P(=t, j|7)F(pe) + P(3, j|7) M (pe)
_OéiL -+ CY]‘F = aiaj(L + F — ]\/I)

o ——— (3.4.10)
F(F-2M+1L) _
=L o F =L@

by substituting for o; and o; using equation (3.4.7).

Region 3: If py > py, M(p:) = F(p:). Therefore, both firms will disclose
simultaneously, each getting F'(p;).

Therefore, the overall equilibrium strategy of firm n € {i,j} for p, > pp is as

follows:
0 if pr < pp
A pe(VE-VEY+(1=p) (VN =V) .
G = pz(VL”—2‘L/,{;+€f}°)+(1—p¢)(‘L/LN—£(/,{}’+1) if pp < pe <pm (3.4.11)
1 lf Pt Z Pm s
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and

0 if pr < pp
t pe(VE-VE)+-p) (VD -1I) . _
O = pe(VE-VE)+1-p) (VY -V) if pp < e <pm (3.4.12)
] if pr > pur-

3.4.2 War of Attrition

On the other hand, if pp > p; the information spillover outweighs the leader ad-
vantage. This implies that signals are less strong (in terms of content rather than
quality) than in the preemption case, and that both firms are less convinced that the
likely market reaction to the news that they have invested in this new product will
be positive. For example, if the shareholders learn of the investment the manager
has undertaken, they may regard such an investment as too risky a venture and that
the sunk investment costs the firm may have incurred are not likely to be recouped.
Therefore, it is optimal for the manager of each firm to wait until his competitor has
disclosed so that they can make their own decision over whether to also disclose, or
to wait for more signals to arrive, under complete information. That is, he will only
disclose if he knows for sure that the market will respond positively to the informa-
tion. Both firms wish to be the follower so as to obtain the information spillover
and protect themselves against a negative response. Hence, a war of attrition arises

between the two firms.

For p; > pp, the game is exactly the same as the preemption game already
discussed. However, if the excess number of signals is such that p; € [pr, pp), a war
of attrition arises since both firms would prefer to be the follower. The game ends
once pp is reached. In a war of attrition, two asymmetric equilibria arise trivially;
either firm ¢ discloses with probability one and firm j with probability zero, or vice

versa.

To find a symmetric equilibrium, I argue in line with Thijssen et al. [53] that

60



for each point in time during a war of attrition the expected payoff from disclosing
immediately exactly equals the payoff from waiting a small period of time dt and
disclosing when a new signal arrives. The probability that the other firm discloses
at belief p; is denoted by ~v(s;),® and following the analysis outlined in Thijssen et al.
[53], 7(+) is given by:
V(s0) :F(it;jg\?zst) [L(St) o Jl: 7 GS;: —+}— 58 : g;ziﬂ
(7(& +1)(M(s; +1) — L(s; + 1)) 4 L(s + 1))
b 6(L=6) (0" +¢(1—)*)
R g5 + C(1 — 0)° 8
(7(st . 1)(M(st b T TR e 1)) 4 Tt 1))].

(3.4.13)

To solve for ¥(-), note that if p, < pr, neither firm will disclose, since the option value
of waiting is higher than the expected payoff from disclosing. Therefore y(s;) = 0.
On the other hand, if p, > pp, the firms enter a preemption game. It is also possible
that pp = pas, and then the game proceeds directly from a war of attrition into a
game where simultaneous disclosure is optimal. Thus, for other values of p;; that is,
for p; € [pr,pp), it is necessary to solve a system of equations where the p;,-th entry
is given by (3.4.13). A system such as this cannot be solved analytically but for any
specific set of parameter values a numerical solution may be determined. Thijssen
et al. [53] prove that a solution to a system of equations given by (3.4.13) always

exists, and furthermore, v € [0, 1].

Defining the time at which preemption occurs by TF := inf{t > to|p; > pp},
and the number of signals that has arrived up until time ¢ by k; := sup{k|T;° < t},

30f course, this is also the probability that the manager’s own firm has disclosed since the

equilibria are symmetric.
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the symmetric (a-consistent) equilibrium is given by

(

0 if pr <pr

pTl Tk (1—y(sw))  ifpr<p <pp
Gt = 4 (1 ~ G;(T};)—)) x (3.4.14)

n
P (VE VI +(p) (VY VY s
e (VE—2VEAVE +(1—po) (VI -2V +1) if pp < pr <pum

(L if py > pur,
and
0 if pr < pp
¢ _ ) w(EVE)rQ-p)(VE D) L
On = pe(VE—VE)+(1—p) (VI V) if pp < pr < pum (3.4.15)
1 if p: > pur-

The technicalities of this result are not new to this paper, and thus, the reader is

referred to Thijssen et al. [53] for further details.

3.4.3 Synergy

The condition given by equation (3.2.7) is necessary for pp < ppr to be true. How-
ever, if the values of I and V]-i (it = PN and j = L, M, F) are such that this
condition does not hold, then intuitively, there cannot be a preemption point. This
produces a type of “synergistic effect” in that the simultaneous revelation that both
firms have invested in the product is expected to generate a stronger positive market
response (and thus a higher payoff from disclosure) than stand-alone disclosure by

either firm would ever generate.

This scenario occurs if the managers both believe that by disclosing with its
competitor that it has invested in this new product, the market will react more
favourably (or less negatively) than if the firm was to disclose as the leader. In
other words, if the market learns that two very similar firms have chosen to undertake

an investment in the same product, investors are more reassured of the product’s
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potential success than if they believed only one such firm had chosen to undertake

the investment.

This new type of equilibrium that arises is driven by the assumption in my paper
that VjN # 0 for j = {L, M}. If there was no direct negative impact on the firms’
value through making a disclosure (i.e. in addition to the sunk costs incurred), then
an attempt by the managers to temper the extent to which the investors will sell oft
their firm’s stock would not be an issue. If this was simply an investment problem
whereby the sunk costs incurred are the main loss to the firm, then it would be
plausible to let VjN = 0, for all j. Indeed, this is the problem examined by Thijssen
et al. [53]. However, with respect to disclosure, if the investors do not like what they
learn, then they may sell their stock which lowers the firm’s value. If such a negative
response were to ensue under the condition that pp > pjs, then revelation that a
similar firm has also chosen to invest in this new product will serve to reassure
the market of the product’s potential success, and thereby temper the extent of
the market sell-off. Conversely, if a positive response were to ensue, simultaneous
disclosure would boost the extent of the market’s investment in the firms through a

firmer confidence in the product’s success.

Technically, the inequality given by (3.2.7) is reversed when the first mover ad-
vantage is less than a multiple, %%, of the difference between the positive payoft
from simultaneous disclosure and the positive payoff obtained by a firm that is the
follower. The situation occurs if the negative impact to the leader from disclosing,
VN — I, is very strong relative to the negative impact obtained from disclosing si-
multaneously with the other firm, V}y — I. To see this more clearly, if V¥ — —oo,
then the RHS of (3.2.7) becomes infinitely large, and the condition pp < py no
longer holds. Similarly, if the negative payoff obtained from simultaneous disclosure

is not particularly low, that is, if V}f 1 0 and simultaneously, I | 0* then once again,

4One cannot say if Vi — I 1 0, as this would imply that V¥ 1 I, or vice versa, but V{} <0
M M M
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the RHS becomes infinitely large and the condition breaks down.

If the leader effect outweighs the synergy effect, p); < pr, neither firm will
disclose until py, is reached, and then both will disclose simultaneously each getting
the payoff F(pys). It is never optimal for one firm to disclose on its own and
information spillover has no value. This contrasts with the case when pp < py < pr.
In this case, the market will learn sooner about the investment since one of the firms
will disclose once pp is reached. The other firm then decides whether to reveal its
involvement in the investment or not, and hence, the ensuing market reaction to the
two firms’ actions is likely to have different impacts than if they were to only ever

disclose together or not at all.
Hence the synergistic equilibrium strategy is given by

0 ifpr <pm

G = (3.4.16)
1 if p, > pu,
and
0 if py < pa
at = s (3.4.17)
1 ifp, > pum.

If the synergy effect outweighs the leader effect; i.e. p;, < pa, a war of attrition
arises in the region [pr,pas) because both firms would prefer to wait and disclose
together with its competitor rather than be the leader. The analysis is similar to
that which yields the equilibrium strategy given by equations (3.4.14) and (3.4.15),

so it suffices to state that the equilibrium strategy for this scenario is given by

( 0 if p < pr
(1- GL(T-))

Pt(VL?_VAF;)'*(l_Pt)(VL{V—V}\I/},) :
PV —2VE+VE)+(1—p) (VN -2V +1) if pr <pe <pm

1 lfpthM,

(3.4.18)

\

and I > 0, by assumption. Thus, it is necessary to specify that if V}} is sufficiently small and I

sufficiently low such that the difference between these values is negligible.
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and

0 if pr < pr
£ pe(VE-VE)+(-p) (VY -I) .
O =\ R(F V)0 ) PL <P <Pu (3.4.19)
L if py > par,

where T} := inf{t > to|p; > pr}.

A graphical depiction of this synergy equilibrium, for a specific parameterisation

defined in Section 3.5, is given in Figure 3.2.

3.5 Numerical Example

My aim in this section is to provide an insight into the magnitude of some of the

effects which I discuss in previous sections. For the parameterisation given in Table

Table 3.1: Parameter Values

Parameter | Value | Parameter | Value
W 20 I 5
7ol —-10 | po 0.5
VL 10 I 4

Vi, 12 0 0.6
4] — r 0.04

3.1; s = 6, spy = 4 and sp = 1. The corresponding belief probabilities are p; ~
93%, pamr ~ 83% and pp ~ 60%. Since sp < s); < sp, the leader advantage outweighs
the information spillover. Both firms will try to preempt each other when they have
one extra positive signal regarding the product’s profitability, and if the excess
of positive over negative signals is four or more, it is optimal for both firms to
disclose simultaneously, before the market response is known. The probability of

simultaneous disclosure can be found using equations (3.4.12) and (3.4.9).
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Figure 3.1 depicts this situation graphically. The leader’s payoff, L(p;), intersects
with the follower’s payoff, F'(p;), at pp = 0.6. As shown, for all p; < 0.6, the leader
curve lies below the follower’s curve; i.e. L(p;) < F(p;) and neither firm wants to
be the first to disclose. F(p;) intersects with the payoff curve from simultaneous
disclosure, M (p;), at py =~ 0.83, and for p; > 0.83 it is clear that F(p;) = M(p).
However, for p; < par, M(p:) lies below F(p;) implying that the manager would
prefer to wait and obtain the information spillover from the leader rather than
disclosing simultaneously before the market response is known. The final intersection
point is for L(p;) = M (p;) at p; ~ 0.38. However, since this plot depicts the situation
whereby the leader advantage outweighs the information spillover; i.e. pr > pp
(recall p;, ~ 0.93), no action will be taken by either firm for p, < 0.6. Hence,

Pt = 0.38 is not a point that needs to be discussed.

Consider, however, if the parameterisation is such that V; = 15 and V¥ = —25.
Payoff
-
) - _"‘_f"
0=——" '__—"‘
=SF e
~10 [ee”
. , i R
0.2 0.4 0.6 0.8 1.0

Figure 3.1: Payoff functions.

The condition (3.2.7) no longer holds; that is pys > pp, and a synergy equilibrium
emerges. The situation is depicted graphically in Figure 3.2. The payoff functions
M (p;) and F(p,;) intersect at pys ~ 0.83. It appears from the figure that L(p;) also
intersects them at pys &~ 0.83, but it actually lies slightly below the intersection point

at pps since F(pa) = M(pa) = 4.17 and L(pys) ~ 3.33. For all values of p; < pp,
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the leader’s payoff function lies below the follower’s implying that the information
spillover outweighs the leader advantage, and thus, neither manager wants to be the
first to disclose. Thus, for all p; < pjs, there is no point, pp, such that the leader
and follower payoffs are equal. Similarly, for all p; < pyr, F(p:) > M(p;) implying
that the information spillover also outweighs the synergy effect, and thus, it is not
optimal for either manager to disclose simultaneously with his competitor. Hence,
no disclosure will be taken by either firm until p,; is reached. Once p; > pys, it 18

optimal for both firms to disclose simultaneously, and the game ends.

— — — Ll
—— -
- w— -

0.2 0.4 0.6 0.8 1.0

Figure 3.2: Synergistic equilibrium.

3.6 Conclusion

In this chapter I examine the impact of competition, in a duopoly framework, on the
voluntary disclosure policy of firms. I assume that each firm has invested in a specific
product and the manager of each firm must then decide when to optimally disclose
its involvement in the product to the market, while taking into consideration the
disclosure strategy of the other firm. A preemption, attrition, or synergy equilibrium
arises, depending on the trade-off between first and second mover advantages and,

also on the advantage from disclosing simultaneously with the competing firm.
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I do not make the assumption that the negative impact of disclosure on firm value
is zero, and therefore, a new equilibrium emerges whereby preemption is nonsensical.
This so-called “synergistic” equilibrium implies that the optimal strategy of a firm
is to never announce, or else to do so only at the same time as its competitor. The
intuition behind this equilibrium result is that the investors’ conviction that their
firm has invested in a profitable venture is strengthened by the fact that another
similar firm has also chosen to undertake the same investment. This will then
temper any sell-off in shares, if the market were to respond in a negative way to the
information, than if only one firm were to disclose, or conversely, amplify the effect

of a positive market response.
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Chapter 4

An Application of the Real
Options Model: Disclosure and

Corporate Control

4.1 Introduction

In this chapter, I show how the benchmark (real options) model of voluntary disclo-
sure which I describe in Chapter 2 can be extended to show that when a manager
is threatened with a corporate control challenge, with the ensuing possibility of dis-
missal, he always adopts a more transparent disclosure policy. “Corporate control
is the right to determine the management of corporate resources; to hire, fire and
set compensation”, (see Henderson [23], Jensen and Ruback [24], Fama and Jensen
[13)).

For ease of exposition, I assume the situation for the manager in Chapter 2

remains the same; that is, he has invested in some new product or technology and

he must decide on the optimal time to reveal his involvement in the investment to the
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market so as to maximise firm value. Recall that the manager wishes to maximise
firm value because he is compensated via stock options. For the managerial belief
threshold, p*, derived in Section 2.2.3 of Chapter 2, there is no possibility that he
will face a corporate control challenge from the shareholder. In such instances, the
manager never has an incentive to adopt a highly transparent disclosure policy. This
is consistent with survey evidence by Graham et al. [17] who find strong support for
delaying bad news to allow for further analysis and interpretation of the information

they possess.

Typically, a shareholder also wishes for firm value to be maximised, and therefore,
the incentives of both agents are perfectly aligned. However, there may be instances
whereby the shareholder does not wish for firm value to be maximised, and demands
a more transparent disclosure policy instead. In order to keep with the idea of the
manager having invested in a new potentially profitable product, I assume that the
shareholder wishes to learn of all such investment opportunities the manager has
attained so that he, too, may invest in such a new venture with his own private
wealth. For the investment to be worthwhile, he must learn of the opportunity early
enough so as to acquire an acceptable equity stake for the amount of capital he is
willing to invest. If the manager waits until the product is very well developed to
reveal any information about the investment to the market; that is, after a large
net of positive over negative signals have been obtained, the shareholder may have
missed his opportunity to invest; that is, he can no longer hope to acquire an
acceptable equity stake for his investment, and the investment opportunity becomes
worthless to him. Under such a scenario, the shareholder would prefer the manager
to adopt a more transparent disclosure policy. In order to incentivise the manager
to be more forthcoming with disclosure, I assume that the shareholder can impose
a corporate control challenge on the manager, with some positive probability. If

the manager is found to be withholding too much information for the shareholder’s
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liking, he is dismissed. This assumption is consistent with Henderson [23].

This chapter is most closely related to Henderson [23]. She analyses the effect of
corporate control challenges on corporate investment in incomplete markets. I adapt
that approach to provide an instrument to align the interests of the manager and
the shareholder. However, she uses standard stochastic calculus tools to develop her
result, which is not possible under my set-up (since information is not constant over
time). Furthermore, I do not assume the market for voluntary disclosure is incom-
plete. The reason I neglect to make this assumption at this stage is for analytical

convenience. Such an analysis will be left for further research.

Before analysing the effectiveness of a shareholder’s strategy to better incentivise
the manager to be more forthcoming with disclosure, I analyse the problem from
the shareholder’s perspective as if there was no information asymmetry between the
two parties; that is, if the shareholder were to know all the information the manager
has obtained, then at what point would he wish for the manager to disclose so that

he may acquire the investment opportunity at the best possible level.

I derive, in Section 4.2.1, a threshold for the shareholder wishing to invest in the
product such that his (discounted) expected utility from wealth is maximised. Note
that this assumption differs slightly from that of the typical principal-agent model,
described by Mas-Colell et al. [32], in which the shareholder wishes to maximise
firm value. However, the assumption that the shareholder wishes to maximise his
utility is consistent with Suijs [50]. He assumes that the potential shareholder’s
objective is to maximise his expected utility from his investment payoff, whereby
the shareholder has a limited amount of capital available which he can invest in
three different projects, namely the firm, the risk-free asset, and some alternative
risky investment project. It is further supported by Dye [11] who also assumes that

shareholders wish to maximise their (current) utility from wealth.
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In Section 4.2.2 I derive the manager’s disclosure threshold, but in this case, when
he is faced with the threat of a corporate control challenge from the shareholder.
An equilibrium is attained when the probability of a control challenge is such that
the manager always adopts a disclosure policy that is sufficiently transparent for the

shareholder.

I find that the manager’s threshold under corporate control is always lower than
the threshold when no such corporate control challenge is imposed. The result is
intuitive, and it corroborates broadly with anecdotal evidence from Healy and Palepu
[21] who hypothesise that managers use corporate disclosures to hedge against the
risk of job loss. Furthermore, the greater the probability the manager is faced with a

control challenge, the more transparent is the disclosure policy he chooses to adopt.

In Section 4.3, I examine the agency costs that the shareholder may incur through
delegating the disclosure decisions to the manager. With respect to my setting, any
agency costs that arise are owing to the information asymmetry that exists between
the manager and the shareholder. Henderson [23] studies agency conflicts that arise
from managerial risk-aversion and incompleteness. There are numerous other forms
of agency conflicts between managers and shareholders some of which include empire
building, short-termism, and overconfidence (see Stein [46] for a review). However,
such studies usually concentrate on the impact of these agency costs on capital
budgeting decisions as distinct from disclosure timing. I find that the greater the
probability that the manager is faced with a control challenge, the lower the agency
costs the shareholder potentially incurs. This is because the greater the probability
of control, the more transparent the manager’s disclosure policy, and the earlier the

shareholder learns of the investment opportunity.

72



4.2 The Model

4.2.1 Shareholder’s Problem

Assume that if the shareholder was to make his own investment in the product,
this would impact positively on his discounted, expected utility from wealth by an
amount UF or negatively by an amount I.! Since this is an investment opportu-
nity for the shareholder, the only negative impact comes from the (sunk) costs of
investment, I. The ez ante belief that investing in the product will have a positive

impact on his utility is denoted by py.

I assume that the shareholder knows all of the information the manager has
obtained, and thus, he obtains signals regarding the potential profitability of the
product at random points in time, and the signal arrivals are modelled via the

Poisson process with parameter p. The signals are accurate with probability 6 > %

The solution method for the optimal stopping problem is identical to that for the
manager’s problem that I derived in Chapter 2. Note, however, that s; is replaced
with —s; in the analysis. The intuition for this is that as the signals regarding the
project’s profitability get more and more positive, the value of the investment oppor-
tunity for the shareholder declines. While this may appear an unrealistic assumption
to make, my reasoning is that the greater potential the product is expected to have,
the more capital the shareholder must invest for an acceptable equity stake. Hence,
as s; — 00, the value of the option to invest tends to zero, because the number
of positive signals overwhelming outweigh the number of negatives and it becomes
increasingly too expensive for the shareholder to invest, for the amount of equity he

will receive in return.

L1UP is discounted at a constant rate r > 0.
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Furthermore,
log (1—337;) —log(

log (7%5)
is the inverse function to the shareholder’s posterior probability that investing at

(4.2.1)

st = s(pe) =

)

p; will have a positive impact on his utility. ¢ = (1 — po)/po, and represents the
unconditional odds ratio. s; is an increasing function of p;, implying one can work

with either the critical net number of signals or the shareholder’s critical belief.

Solving, then, for the optimal stopping problem yields the shareholder’s threshold
belief:

_ (@P-I)n
LT P -Dn+1 S

where II is given by

B (Balr + 1) — o (1 0) (z+1- 0) — (1 - 2 o

(Ba(r + 1) — 161 = 0)) (5 +6) — b1~ )y

Above the threshold s, := s(p, ), it is optimal for the shareholder to do nothing
and below it to invest. This is because for any s; > s,, the shareholder must impart
with too much capital to be satisfied of an acceptable return on his investment.
Conversely, for s; < s,, the shareholder can invest less capital for a higher equity

stake, which is a much more acceptable investment for him in the long-term. Of

course, implicit in this set-up is that the shareholder believes that in time, the
product will turn out to be very profitable, but is only a worthwhile investment at

this stage if he can attain a sufficient equity stake for the capital he is willing to

invest.

Theorem 2. The optimal stopping problem for the shareholder, U *(8¢) = supy>, By [e‘"(NJ (Sr):‘
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18 solved by

(7(3,5) if s¢ < s,
u (0Q-p(s)) 77, r Us.) U(s.+1)
ﬁ*(st) — ) r+u l—g(St—l)U(St 1)+ [u(1—9) 1-p(s.) + 1—2(§*+1)] X
(1—6)(8 )2 (1 - p(sy)) ) if s, <s¢<s.+1
By \Sx—st+1 U(s,) U(s,+1) :
L (5) (1= p(se)) [u(lr—@) T=p(s) T 1—£(§.+1)] Yssiet 1.
(4.2.4)

where ﬁ(st) is given by

U(se) = (1= p(s))VF ~ I,

p(s:) = 9_—&%}%—_—5;, and s, 1is given by (4.2.1).

Additionally, the optimal stopping time, T*, is given by

* =inf{t > 0|s; < s, }-
Proof. The proof is similar to that outlined for Theorem 1 in Chapter 2. O

The probability that the shareholder imposes a corporate control challenge on
the manager will be dependent on the value of his option to invest. Additionally,
this probability must, intuitively, increase the further the manager’s disclosure level
deviates from s,. The formulation I adopt for this probability ensures these consid-

erations are adhered to.

I let the probability of a corporate control challenge be given by

0 e U(s:)
P(s:) =1 (U*(sﬂ)’ (4.2.5)

where U *(s¢), the value of the shareholder’s investment option, has been defined
in Theorem 2. Note that s, in equation (4.2.5) represents the level at which the

manager makes a disclosure.

Equation (4.2.5) is well-defined if, and only if, U*(s;) > U(s,) > 0. The probabil-

ity is zero for all s, > s;. This implies that there is no chance of a control challenge
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if the manager discloses at, or below, the shareholder’s preferred threshold s,. This
is because if s; < s,, the manager’s disclosure policy is sufficiently transparent for
the shareholder. This implies that if the manager has invested in a product that is of
interest to the shareholder, the shareholder learns of the opportunity early enough;
that is, when the capital required for an acceptable amount of equity is small enough

to make the investment worthwhile.

Furthermore, U*(s,) dominates U(s;) for (4.2.5) to be well-defined, then this
implies that P(s;) is increasing in s;. Therefore, the less transparent the manager’s
disclosure policy, that is, the higher s;, the higher the probability that he will face

a corporate control challenge.

I note that the model of corporate control which I describe here relates to large
firms whose shareholders are not active in management decisions. However, many
firms have controlling shareholders who are often active in management. LaPorta
et al. [28] find “family control of firms appears to be common, significant, and
typically unchallenged by other equity holders”. 1In such firms, monitoring and
disciplining the manager becomes very difficult. However, this proxied for in my
model because if the shareholder is active in management, he always learns of the
investment opportunity in a timely manner; that is, he always learns about it when

s¢ < s,, and thus, P(s;) = 0.

4.2.2 Manager’s Problem

I assume a quasi-linear utility function for the manager, such that if he is dismissed,
he obtains no compensation from disclosure. Then the manager’s objective function

becomes

U*(st) =sup Ei[e™"U(s,)], (4.2.6)

>t
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with
U(sy) = (p(st)VP +(1- p(st))VN — I) I (4.2.7)
and
1 if no dismissal

0 if manager dismissed.

Once again, I solve the manager’s problem, which incorporates the probability
of a corporate control challenge being imposed, as an optimal stopping problem (as

in Chapter 2). The threshold I obtain is given by

pi= D/i ‘—/1511 + 1] . (4.2.8)
where
T
o(1,,7) [(; +1) U(s) - 91/(3*)] — (i, 8, %) (4.2.9)
<(1,8,7) [(; + 1) U(s*) — (1— 0)1/(3*)] — o, 8, s*)
and

s(p, 0,7) = Br(r + pu) — pb(1 —0),
(w8, 5%) = pb(1 — 0) 3 U(s"),

Uls* 1) =
o I Gt F TR
Ux(s*+1)

It is easy to verify, from equation (4.2.7), that the net present value belief level
under the threat of a control challenge is the same pypy than when no such threat
exists; that is

I-VvN

PNPY = Py (4.2.10)

for all P(s;) > 0.

The following propositions state some of the important properties associated

with p%, the proofs of which are found in Appendices A, B, and C, respectively.
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Proposition 6. If the probability of a control challenge is zero, then i, = I and
p. = p*, as given by equation (2.11). Moreover, pi > pnpv irrespective of the

probability of a corporate control threat.
Proposition 7. p}, given by equation (4.2.8), is a well defined probability.

Proposition 8. An increase in the probability of a control challenge leads to a more

transparent disclosure policy being adopted by the manager.

Figure 4.1 depicts graphically the results stated in Proposition 6 and Proposi-
tion 8. The thick solid line shows how p’ decreases in the probability of a control
challenge, and p* = p* at the intersection with the vertical axis. The threshold lies
above the NPV threshold for all values P(s;), and hence, the real options approach
always demands a more stringent criteria on the optimal level of disclosure than the
traditional NPV approach demands.

(p)*

0.6 = == == o - — = — —— — — — — —

0.4+

0.2

0.2 0.4 0.6 0.8 1.0

Figure 4.1: The effect of a control challenge threat on p}.

4.2.3 Model Implications

In order to ascertain the implications of this model, I first recall the manager’s

optimal disclosure threshold when he faces no risk of incurring a corporate control
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challenge. From Chapter 2, this is given by

VP -1 o

where II is defined by equation (2.12).

As T discussed in Chapter 2, p* is typically an equilibrium threshold owing to
the assumption that the manager is compensated via stock options. I compare this
threshold level, when the manager is not faced with a corporate control challenge,
with the shareholder’s investment threshold given by (4.2.2) by making the assump-
tion that UP — VP and I = I. I make this assumption for analytical convenience,
and it is without loss of generality. The threshold given by (4.2.2) represents the
shareholder’s optimal investment level, given that he desires a highly transparent

disclosure policy.

In particular, I find that p* is no longer an equilibrium threshold because it is
always the case that p* > 1 — p_because VN < 0. Note that I compare p* with
1-— p, because 1 — p, is the level above which the shareholder will invest and p* is
the level above which the manager will disclose. What this result implies is that
the manager will always disclose at a higher threshold, when he is not faced with a
corporate control challenge, than the shareholder would prefer. Specifically, in the
absence of control, the manager’s disclosure policy is not sufficiently transparent for

the shareholder.

This is driven by the fact that making a disclosure may have a negative impact,
in addition to the costs of disclosure, on the value of the firm, i.e. V¥ < 0. However,
for the shareholder, any loss from investment will be limited to the investment cost
incurred. Thus, the manager always opts to disclose his information about the

product’s potential profitability later than would be optimal for the shareholder.

In order to incentivise the manager to act in the shareholder’s interest through

adopting a more transparent approach to disclosure, the manager is faced with the
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probability of a corporate control challenge if his value-maximising disclosure policy

is too far mis-aligned from such a shareholder’s utility maximising policy.

Under this scenario, an equilibrium is obtained, and the incentives of the two

parties are aligned when the probability of a corporate control challenge is such that
. <1l=p,
where p? is given by (4.2.8). Hence an equilibrium is attained when
I,z (1 - VTN> II, (4.2.12)

such that I1. is given by (4.2.9). To extract a specific equilibrium level for P(s;) is
too cumbersome, but the condition given by (4.2.12) gives an adequate insight into

the mechanisms at play.

If the condition given by (4.2.12) fails to hold, then the manager’s disclosure pol-
icy is too intransparent for the shareholder’s satisfaction. This situation will ensue
if the possible negative impact on the firm value through making a disclosure, V¥,
is too large relative to the cost of disclosure. Technically, this result arises from the
fact that the right hand side of (4.2.9) decreases in V. This conclusion is intuitive,
since the greater the possible negative impact from disclosure, the longer the man-
ager will wait before announcing his information (recall Section 2.3 in Chapter 2).

Hence, the less transparent the disclosure policy will be.

4.3 Agency Costs

In this section I examine the agency costs that may be incurred by the shareholder,
considering when to invest capital in the new product, as a result of acting in line

with the manager’s voluntary disclosure policy. My aim is to ascertain whether the
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threat of a corporate control challenge helps to reduce any agency costs that he may

incur as a result of delegating the disclosure decision to the manager.

I define these agency costs by the difference in the value of the investment option
for the shareholder at his own optimal threshold, s,, and the value of the option
if he were to act at the point where the manager discloses, s;. Since the manager

discloses at s;, then of course, it is always the case that s, > s.
C :=U*(s,) — U*(sy), (4.3.1)

where U*(-) is defined in Theorem 2.

If s; < s,, then (by Theorem 2)

c =U(§*) - &(St)

s (4.3.2)
=U (p(s:) — p(s.)) <0,

since p(s;) increases in s;. The negative identity implies that the shareholder incurs
no agency costs. This ensues because the value of the option to invest for the
shareholder is at least as great if he were to invest at the manager’s point of disclosure
than if he were to invest at s,. In other words, if the shareholder were to invest in
the product at the same level the manager discloses, that is, if he were to invest at
sy, the value of his investment opportunity would be greater at that point than if he
were to invest at s,. This is because he will, for example, learn about the product’s
existence at an earlier stage in the development process and may therefore attain a

high level of equity for a relatively small amount of capital.

If, however, s; > s,,

C =U(s,) —U*(st)
<0 (4:3:3)

— S¢ SQ*
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However, s; > s,, by assumption, and thus, U (s,) > U *(s¢). This implies that if
the manager discloses above the shareholder’s threshold, s,, the value of the option
to the shareholder of investing is lower if he were to act at the manager’s disclo-
sure level, than at his own. Hence agency costs will be incurred by the shareholder
through delegating the disclosure decision to the manager. For example, the share-
holder will only learn about the investment opportunity too far on in the (product’s)
development process for him to attain an acceptable equity stake for the amount of

capital he can afford to put up.

The following proposition shows how an increase in the probability that the
manager faces a control challenge results in lower agency costs being incurred by
the shareholder who desires a transparent disclosure policy. The proof is outlined

in Appendix D.

Proposition 9. An increased threat imposed on the manager of a corporate control

challenge reduces the agency costs that may be incurred by the shareholder.

This result is clearly depicted in Figure 4.2, which shows the agency cost, as a

proportion of the shareholder’s utility-maximising threshold, for each level of P(s;).

4.4 Conclusion

In this chapter, I show how the benchmark (real options) model of voluntary dis-
closure I describe in Chapter 2 can be extended to show that when a manager is
threatened with a corporate control challenge, with the ensuing possibility of dis-

missal, he always adopts a more transparent disclosure policy.

I derive the manager’s disclosure threshold, adjusted for the fact that he is faced

with the threat of a corporate control challenge. An equilibrium is attained between
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Figure 4.2: The effect of a control challenge threat on the agency costs incurred by

the shareholder.

the manager and the shareholder when the probability of such a challenge is such
that manager always adopts a disclosure policy that is sufficiently transparent for

the shareholder.

I find that the manager’s threshold under corporate control is always lower than
the threshold when no such corporate control challenge is imposed. Furthermore,
the greater the probability the manager is faced with a control challenge, the more
transparent is the disclosure policy he chooses to adopt. Additionally, if there is a
high probability of a control challenge being imposed, the current approach still as-
serts that disclosure should occur later, but not much later, than the NPV approach
suggests. An implication of this result is that the NPV approach, when combined
with a high probability of a corporate control challenge being imposed, may not be

a such a poor representation of voluntary disclosure behaviour.

Finally, I examine the agency costs that the shareholder may incur through
delegating the disclosure decisions to the manager. I find that the greater the
probability the manager is faced with a control challenge, the lower the agency costs

the shareholder potentially incurs. This is because the greater the probability of
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control, the more transparent the manager’s disclosure policy, and the earlier the

shareholder learns of the investment opportunity.

Appendix

A Proof of Proposition 6

P(s;) = 0 if, and only if, s, < s,, if, and only if, s* < s,.

So if P(s;) = 0, U*(s*) = U(s*) and equation (4.2.9) reduces to

=
<(11,0,7) [(; = 1) 2 e%ﬂ] _ 41— )B

s*+1)

s(u,0,7) [ (2 +1) - (1 - ) ZD] — o1~ 6)8,

u T*(s*+1)
If s* +1 < s,, then U*(s* + 1) = U(s* + 1), and II, = I, trivially.

However, if s* + 1 > s, , then U*(s* + 1) is given by

e o 8= p(s*+ 1))~
U(s+1)—r+u( T— p(s") U(S)+[u(l_g)l_g(ﬁ*)+1—p(§*+1)

(1-8)3r 1 (1 - p(s7) )

By the continuity condition utilised in the derivation of p,, this expression is exactly

equal to U(s* + 1) for s, < s*+1 < s, + 1. Hence, whenever P(s;) =0, I, = II.

It is easy to verify from equation (4.2.8), given ppy = ‘—,I%_V—‘fﬁ, that p} > p&py

if, and only if, TI, < 1. It is easily established that II, < 1 if, and only if, 1 — 6 < @,

which is satisfied.

This proves that p; > p% py-
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B Proof of Proposition 7

Firstly, pX = p* when s, > s* (see Proposition 6 above). It has been proven in
Proposition 1 of Chapter 2 that p* is well-defined, and therefore p} is well-defined

for s, > s*. It is necessary to show that p? is also well-defined for s, < s*.
It is easily proven that for 0 < p* <1 to hold, it must be that II. > 0.
As shown in Proposition 6, if P(s*) = 0, I, = IT > 0.

If P(s*) = 1, this implies, from (4.2.5) that U(s*) = 0. Then, from (4.2.9),

But £ > II, where II is given by (2.12), if

Bu(r + p) (3 + 1) — p8(1 = 8)(= + 14 1) >0,
M H

which is trivially satisfied since §; > 6. Hence, for P(s*) =1, II. > IL

Therefore, I1. > II for all s*. From Proposition 1, IT > 0, and therefore, II. > 0,

as required. [ |

C Proof of Proposition 8

apr (VP it TR S pP_ I ail,
gP(s)  \I—-V¥ — VN OP(s;)’
From Proposition 7, 5%“"— > (, implying mp P < (0. Thus, the greater the prob-

ability of a corporate control challenge, the lower the threshold above which the

manager will disclose. [
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D Proof of Proposition 9

It is clear from equation (4.3.1) that

oC 8(7*(50
P = p(sy) = Y

However, since s; increases in p;, and from Proposition 8, the level at which the
manager discloses decreases in the probability of a control challenge, s; decreases in
P(s;).

Furthermore,

AU (s¢)
aSt

since the value of the shareholder’s investment decreases in s;. Therefore,

<0 (D.2)

oU*(s,)
P (s) >0 (D.3)

implying that the agency costs are decreasing in the threat of a corporate control

challenge. -
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Chapter 5

Jump Diffusion Models:
Estimation of Fit and Predictive

Power

5.1 Introduction

Most of the models and option pricing techniques employed in applied areas of
finance are rooted in the well known Black-Scholes model. The classical model used
for stock prices or indices, and which became the basis for the Black-Scholes option
pricing theory is the geometric Brownian motion (GBM hereafter). However, almost
as universally accepted as the Black-Scholes model itself, are its weaknesses. For
instance, GBM is based on the predominant assumption that observations follow
a Gaussian (Normal) distribution. This is largely due to the fact that the normal
distribution, as well as the continuous-time process it generates, has nice analytic
properties. However, a look at data from various areas of finance such as equity,

fixed income, foreign exchange or credit, clearly reveals that by assuming normality,
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one gets a model which is only a poor approximation of reality.

The central assumptions underlying a sequence of events that lead to a Gaussian

distribution are;

1. The events are independent of one another; that is, they have no memory. In
terms of stock prices, this would imply that this period’s return is totally inde-
pendent of any previous period’s return. In reality this is not the case because
a type of “herding” activity is prevalent in equity trading. For example, if a
stock price drops by a significant amount in one period, it may continue to
drop by a significant amount in subsequent periods, in response to the initial
decline, as traders attempt to protect their portfolios. This is precisely what
happened on October 19th, 1987, when the Dow Jones Industrial Average

dropped almost 300 points in one day.!

2. There are no “wild” jumps or uncertainty as to step size. However, recent
events have shown that stock prices have been subject to abrupt and unantici-
pated large changes or “jumps”, and have become highly unstable and volatile
in nature. Black-Scholes based models, such as GBM, fall apart in environ-
ments with rapid movements in the underlying assets. This is because the
key distributional assumption is that the price of an asset follows a diffusion;
that is, a stochastic process that generates a continuous sample path. In fact,
this assumption implies normality, so that over a short interval of time, the
stock price cannot change by much. The recent stock market volatility, during
the 2007/08 Credit-Liquidity Crisis, and the example cited above of October
1987, provide evidence that diffusions inadequately characterise asset price

movements and that processes allowing for jumps would be more appropriate.

From a practical viewpoint, financial decision making using models which are

This is according to the Brady Commission Report, published by Lewis [29], page 29.
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based in a continuous-time setting will be satisfactory only if reasonable specifi-
cations of the stock price process are built upon. As well as this, the extent of
skewness and the presence of outliers in an actual return distribution are important
inputs to hedging and risk management decisions, as well as for option pricing. How-
ever, in a Black-Scholes based framework, such inputs are unaccounted for. Indeed,
much of the catastrophic occurrences in the global financial sector of late have been

attributable, in effect, to the Black-Scholes theory.

Despite these shortcomings of classical financial theory, the market has still not
abandoned the Black-Scholes framework. In fact, its influence has become more
pronounced than ever. At the end of 2006, according to the Bank for International
Settlements, there was $415 trillion in derivatives for which there is no completely
satisfactory pricing model (see Lewis [29]). As well as this there are the trillions
more of other such derivatives, for example, mortgage bonds and exchange traded
options, most of which are still priced using some version of Black-Scholes, and thus,

without regard to the possibility of crashes and panics.

Although the GBM had served as a convenient and tractable framework, as the
empirical evidence against GBM accumulated (see Sundaresan [51]), Merton’s jump
diffusion (LJD) representation gained wide acceptance, primarily because it was
shown to be more consistent with the empirical returns distributions; that is, it

produced a higher peak and accounted for excess kurtosis and skewness.

Recent work has stressed the importance of continuing to search for models
based on processes that admit jumps and thereby providing a more accurate fit to
the observed data. Concerted efforts are also being made to ensure such models
are meaningful and mathematically plausible. In extant literature, a wide range
of continuous-time models have been constructed by choosing different theoreti-
cal structures for the drift, the diffusion, and the jump component of the process

(for example, stochastic volatility and mean reversion). Also many variations have
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been proposed to enhance the jump specification by, for example, including differ-
ent distributional assumptions for the jump magnitudes. Andersen and Andreasen
[2] proposed a model in which a non-random volatility structure is combined with
log-normally distributed Poisson jumps. Kou [27] proposes the Double Exponential
Jump Diffusion (DEJD) model whereby a single Poisson process with fixed intensity
generates the jumps in prices, but the jump amplitudes are drawn from two indepen-
dent exponential distributions. The point of such models is to improve derivative
pricing and portfolio optimisation. These extensions are intended to reduce the de-
viation between model and reality. Adding a jump component should improve the
fit to the observed time series of returns, since the jumps may accommodate outliers
as well as asymmetry in the return distribution. The presence of outliers depends
upon the magnitude and variability of the jump component, while the asymmetry

is controlled for by the average magnitude of the jump.

While much of the literature has focussed primarily on improving the fit of these
specifications with the data, to my knowledge, there has been very little effort, if
indeed any, to assess their predictive power. The aim of this research is to go beyond
the process introduced by Merton [35] and, through a selection analysis, by assum-
ing a different distributional choice to model the jump component, in particular a
Gamma Distribution for the “good” news component and a Beta Distribution for
the “bad” news component, assess whether the fit of the model will be enhanced,

and/or more importantly, whether its forecasting accuracy will be improved.

I use daily returns data for the ISEQ, FTSE100 and S&P500 indices and also
from a number of stocks included in one or other of these indices, in conjunction
with cumulant moment matching to fit the models. The data source is Bloomberg. 1
will utilise the Schwartz Bayesian Information Criterion (BIC) to assess the relative

performance of the models as outlined in Ramezani and Zeng [40].? In order to

2The more commonly used Akaike criterion (AIC) for model selection tends to over-
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assess the predictive performance, I calculate the Root Mean Square Error (RMSE)

and the Janus Coefficient (J).

In the next section I discuss the standard GBM model and Merton’s LJD model.
In Section 5.3 I explain the motivation behind the so called Gamma-Beta specifi-
cation (GBJD). In sections 5.4 through to 5.6 I describe the model estimation, the
selection process, and the assessment of its predictive power in some detail. In sec-
tions 5.7 and 5.8 the data is examined and the results are obtained, while in Section
5.9 I discuss the results in context with the Black-Scholes option pricing model.

Section 5.10 finally concludes.

5.2 Log-Normal Jump Diffusion Model

In order to establish a benchmark, I initially estimate a representation that is com-
patible with the Black-Scholes model. The classical model of GBM is given by the
Stochastic Differential Equation (SDE):

ds.
gi = pdt + odW, (5.2.1)
=

which represents the price process of the stock with price S;, at time t, and S;_ :=
limg o Sidt. All processes are defined on a probability space (§2, #, P) with filtration
(F)ezo-

The two terms are familiar from the Black-Scholes model where the drift rate (or
instantaneous expected return on the stock) is denoted by p, volatility o, conditional
on no arrivals of important new information (both p and ¢ are assumed to be

constant), and the random walk (Wiener process) by W;.

As a first extension of the GBM representation, I estimate Merton’s model (Mer-

ton [35]). His papers suggest that asset price dynamics may be modelled as jump-

parameterise the models (see Schwartz [42]), hence I opt to utilise BIC.
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diffusion processes and they provide the foundations to value contingent claims under
this specification. In particular, he asserted that the true process of the underlying
asset is a combination of a log-normal process and a jump process. These jump
diffusion class of representations of an asset’s return process may be decomposed
into three building blocks; a linear drift, a Brownian motion (diffusion component)
representing “normal” price variations due to, for example, changes in the economic
outlook or other new information that causes marginal changes in the asset’s value,
and a compound Poisson process (jump component) that generates “news” arrivals
leading to “abnormal” (or more than marginal) changes in prices. I assume that
this important new information arrives only at discrete points in time, and it is

reasonable to expect that the volatile and more “abnormal” periods are random.

Upon arrival of news, jump magnitudes are determined by sampling from an
independent and identically distributed (IID) random variable. Merton’s special
case has become the most important representation of the jump diffusion process. In
the jump diffusion model posited by Merton [35], the GBM model (or Black-Scholes
specification) is extended to accommodate a jump component, thus representing the

process like so:

d J
S—St = pdt + odW; + 3 _ Y;dNj,. (5.2.2)
t;

j=1
The last term represents the jumps, with J being the number of Poisson processes
denoted by N;,, and the number of stochastic or deterministic jump amplitudes are
denoted by Y;,. Hence, there is an instantaneous jump in the relative stock price of
size Y;; conditional on an increment in N;,;. N, has constant jump intensity A; for
J =1...J; that is, A; is the mean number of arrivals of important new information
per unit time and P(dN;; = 1) = A;dt. The jump amplitude, Y;,;, may follow any
distribution, but Merton [35] assumes an IID log-normal (a, §?) distribution (that

is, log(1 +Y;) «~ N(a,d?)) and Poisson ()) arrival process. Hence, the model is
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more commonly referred to as the Log-Normal jump diffusion (LJD) model.® He
further assumes that all processes are independent and that Y;, > —1 for all j,

which ensures that stock prices are non-negative.

The presence of a jump component provides additional flexibility in capturing

the salient features of equity returns, including skewness and leptokurtosis.

By applying Ito’s formula (for semi-martingales) to d1n S; and, through integra-
tion and the Fundamental Theorem of Calculus, a solution for (5.2.2) is obtained

and given by*:

J
1
St = Spexp{(p — 502)t + oWy} H H(l + Y5 AN, ) (6.2.3)

0<s<t j=1
The density function for the log-return, r;;; = log(S;y+1) — log(sS;), is:

= e ¥y 1 :
p(z;0) = e+)s@(a¢; (= 50"+ jo, 0%t + j&°), (5.2.4)
Jj=0 ’

where p(z; 1, 0?) is the density for a normally distributed random variable with mean

i and variance o2 and t is the sampling frequency. The log-likelihood function can

be written as:

T
Us . o Bry D) = Zlogp(:ci; 0). (5.2.5)
i=1

As a second extension to the GBM, I assume a different modelling structure for
the jump components and refer to this new formation as the Gamma-Beta jump

diffusion (GBJD) model.

3 Another strong assumption of the model is that the jump component of the underlying stock’s
return represents non-systematic or diversifiable risk, and therefore, all of the stock’s systematic

or non-diversifiable risk is contained within the continuous component.
4 Alternatively, an explicit solution is provided by the Doleans-Dade formula outlined in Protter

[39].
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5.3 Gamma-Beta Jump Diffusion Model

While Merton’s LJD model is an improvement on the Black-Scholes based GBM
specification, it too is based on underlying assumptions which are clear deviations
from reality. For example, the model makes no distinction between the intensity or
distributional characteristics of news that cause an upward jump in prices, that is,
“good news”, and news that cause downward jumps, or “bad news”. It simply has

a single jump component that captures the impact of news on security prices.

This limitation of Merton’s LJD model has led me to propose another specifi-
cation of the jump diffusion model in which the upward and downward jumps are
distinguished in terms of their distributional characteristics. I model the upward
jump amplitudes via the Gamma distribution and the downward jumps via a Beta
distribution and investigate if this choice of distributions will improve the fit or,

more importantly, the forecasting accuracy over the other models.

There are several economic justifications for distinguishing between so called
“good” and “bad” news. One such justification is provided by Milgrom [36], who has
formalised the notion of good and bad news and shown that such a distinction plays
an important role for models used in information economics. Because information
economics is the study of situations in which different economic agents have access
to different information, signalling models, such as that of Spence [44], are typically
applied to deal with such information asymmetries. In such signalling models, the
analysis is driven by a monotonicity property; for example, more talented workers
buy more education. In order to incorporate the important role of monotonicity
in models of rational expectations, which form the basis of information economics,
a model which makes the distinction between good and bad news is necessary to
obtain reliable results; specifically, in a rational expectations model, the rise in a

firm’s stock price should be attributable to the arrival of good news about the firm’s
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prospects, and vice versa.

The separation of good from bad news implies that some constraints must be
imposed upon the range of values for the random return series. Firstly, the returns
due to bad news must be bounded on the downside by —100% because stocks rep-
resent limited liability. Secondly, the returns due to good news must be positive.
These constraints imply that one cannot model either the up or down jump ampli-
tudes by assuming a log-normal distribution. They also indicate which distributions
may be plausibly utilised when modelling upward and downward movements. The
Gamma distribution requires that the underlying random variables are necessarily
positive, and thus, I model the jump amplitudes for good news by a Gamma(1, ;')
distribution, and assume a Beta(1, ay) distribution to model those amplitudes that
are due to bad news. As with many other statistical distributions, the Beta distri-
bution does not require the underlying random variables to be necessarily positive
or negative. However, I opt to use this distribution to model the downward jump
amplitudes because of its compatibility with the Gamma distribution for modelling

purposes.

Equation (5.2.2) then becomes:

ds < 2
S—‘ = pdt + 0dW, + Y Y5, dNj o + Y Y, 0dN;, . (5.3.1)
t— . 3
Jj=1 j=1

where the third term is a summation over the upward jumps (see subscripts u) and
the fourth over the downward movements (see subscripts d). The solution is given

by:
G,B

1
Sy = Spexp{(u — 502)t + oW} H H (1+Y;.dN;,) (5.2

0<s<t j=u,d

such that G and B relate to the number of observations with upward movements

and downward movements respectively.

From this model, the parameters © = (u, g, Ay, Ag, u, @g) must be estimated.
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In essence, the Gamma-Beta model reduces to a single jump diffusion model,
such as Merton’s LJD, when A = A, + A4 and has a jump amplitude which takes the
form of a mixed distribution of Gamma(1, a'), with probability 3, and Beta(1,

aq) with probability %.

5.4 Estimation

One method of obtaining parameter estimates for the model is to match cumulants;
that is, to equate the first six population cumulants with the first six sample cu-
mulants, since the model has six unknown parameters that need to be estimated
(1, 0, Auy Ady iy, g). Then the resulting equation for the parameters must be solved.

I follow the procedures outlined in Kendall and Stuart [25].

I used STATA10 to calculate the first six sample cumulants, M,,s = 1...6
from the sample moments, m, = E[X?], in each of the data sets via the equation
M, = E[(X - E[X])*] = E[(X —m;)®],s=1,...6.

I define U := chzl In(Y;*) and D := Zf:"l In(Y;4) for the up and down jumps
respectively. These summations are compound Poisson processes, where G, and B
have intensities A, and A4 respectively. The Moment Generating Function (MGF)
of these processes is given by ¢ln(yij)($) = exp )\((bln(yij)(S) —1), j = u,d. Thus,
the Cumulant Generating Function (CGF), given by the logarithm of the MGF, is
5(8) = APy (8) — 1) = A T2, BOEN 7 — 17, Dy j = u,d.

1! ’
From this information, equations for the first six population moments, M,, p =

1...6 can be derived:

1 A A
M =s(p— —o®+ = - - ) (5.4.1)
2 O Oy
A A
2 u d
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Ms = s(ﬁa—g - 6@—3). (5.4.3)
S
My = 3(240—3 + 2401—3)‘ (5.4.4)
)‘u )‘d
Ms = s(1202% — 12024). 5.4.5
5 S( az 0’2) ( )
D A
Ms = s(720=% +720%%). (5.4.6)
oy Qg

Then by setting M, = M,, I obtain the six estimates, which can be easily solved
using simultaneous equations and a program such as Mathematica. Some simple
algebraic manipulation produces equations which are easier to handle numerically.

One such equation being:

(Mg i J\LMG) " <J\7[4M5 . Mgﬂe) ) (Mg M;Ms

Mg 3 =0. (547
100 120 )¢ 20 30 4 5) G

Solving for the positive root of this equation yields an estimate of «,, denoted &,

and then by substitution into the remaining equations, the following expressions are

obtained: B -
My, — 20M.
s, — S0 o (5.4.8)
—5M5Cld+5]\/j4
A4 My ~ M3
g (50, — 72 ~
¢ (6%~ 50) _ ¢ (5.4.9)
Qy, + g
(M dg(Mg, — s ;
3 <—3 R G )> il (5.4.10)
6 e, 1 Qy

—2— =2 =@ 5.4.11
$ duQ Ad2 ( )
M, 1 b
it T — Td =16l (5:4.12)
s 2 O, Qg

This method was used by Beckers [4] to obtain parameter estimates for the LJD
model. The parameters for the Gamma-Beta model are presented in Table 5.5 in

Appendix B of this chapter.
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However, while the estimates that cumulant matching yields are consistent, they
are inefficient. As well as this, as Press [38] discusses, the cumulants are functions of
the sample moments and therefore, the distributions of the cumulant estimators in
large samples will be Normal. For this reason, it may be advisable to only use cumu-
lant matching to obtain initial values for Maximum Likelihood Estimation (MLE).
The MLE method can, theoretically, be used since the proposed Gamma-Beta model
is a first order stochastic differential equation of generalised Ito type. With equally-

spaced sample data, the log-likelihood function given N returns observations is:
N
L(r; (1, 0, Auy My 0 00) = In(f(r3)) (5.4.13)
i=1

where the derivation of f(r;) is given in Appendix A.

However, the unconditional distribution of returns is a mixture density; that is,
the sum of four conditional densities, each of which are assigned Poisson weights, but
for such densities, a global maximum of the likelihood function does not exist (see
Kiefer [26]). This is due to the fact that the log-likelihood function tends towards
infinity at a point where for the ith observation, r; = pu and o; — 0. However,
Hamilton [20] (page 689) shows that such problems are not a major obstacle once

the choice of numerical optimisation procedure converges to a local maxima.

The Newton-Raphson procedure is the most widely used optimisation method
for jump-diffusion models. However, this method requires the calculation of first and
second order derivatives of the log-likelihood function, which are difficult to obtain
for the GBJD specification. While there are numerical optimisation procedures
which do not necessitate the use of derivatives, such as Powell’s method, these too

are not without their caveats.

The estimation of the GBJD, as well as the calculation of the standard errors
via Powell’s method, would be computationally extremely time consuming because

the likelihood function involves double infinite summations and double improper
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integrals. A high-performance computer would also be needed to carry out the

calculations.

Another challenge that is likely to arise during the estimation process is that the
likelihood function may not converge, and hence a type of switching algorithm may
need to be used; that is, to combine Powell’s method with another algorithm, such
as method of Steepest Descent, so that explosion of the likelihood function may be

avoided.

Hence, I have chosen to stick with the estimates obtained via the cumulant
matching method, and despite its shortcomings, the estimates still yield informative

results.

5.5 Model Selection

For model selection I have applied the Bayesian Information Criterion (BIC) pro-
posed by Schwartz [42]. The advantage of this method over likelihood tests is that
the BIC allows the comparison of more than two model specifications simultaneously

and it does not require that the alternatives be nested.

Suppose that the ith model M; has a vector of parameters 6;, where 6; has n;
independent parameters to be estimated. 6; denotes the estimator of 6;. Then the

BIC for model M; is defined by:
BIC; = —2log f(D|6;; M;) + n; log(T) (5.5.1)

where T is the number of observations in the data set, D, and f(D|6;; M;) the
estimated function. The best “fit” model is the one with the smallest BIC. However,
while fit is important in terms of model selection, the critical test of any economic

or financial model is its ability to forecast future returns.
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5.6 Predictive Power

The ultimate test of the quality of a fitted model is the accuracy of the forecasts
of the conditional distribution of future observations given past observations on a
variable. While stock returns are affected by the usual fluctuations in economic vari-
ables, a significant driver of returns is the innate human propensity to swing between
euphoria and fear. While this behaviour of market participants is heavily influenced
by economic events, often extreme actions are not underpinned by any fundamen-
tal factor. Owing to this extent of unpredictable human behavior on determining
stock returns, no such model is ever going to be able to accurately predict future
observations. That is, a fitted model is at best only an estimate or approximation
of the process that generates the underlying data set, and thus, the model and the
forecasts that it produces are subject to identification and estimation errors. It is
also crucial to be aware that forecasting assumes that the data generating process

remains stable into the future.

The forecast of returns that will have the minimum mean square forecast error;
that is, the optimal predictor of returns, is the expected value of ry4;, [ = 1,2, ...

conditional on the information available at time T i.e. 77 = E(ryy|Fr).

5.6.1 GBM Forecast Estimates

From equation (5.2.3) above, the log-return rr,; = log Sty — log S74;_1 is given by:

1
TT+l = (N n 5‘72) + o [Wry — Wrg-a], (5.6.1)
and thus
TH
tret = E (rru|Fr) = o — —2—02 (5.6.2)

since W;,i =1,2,... is a Brownian motion and therefore has expected value zero.

100



5.6.2 LJD Forecast Estimates

For the LJD specification, the log-return for the [-period ahead forecast is given by:

7
1
rT4 = </t = §U2> + 0 (Wry — Wrp] + Zlog (14 YjrudNjry)  (5.6.3)
j=1

and
1 2
fry = B(rra|Fr) = i — 5&2 + Aa. (5.6.4)
5.6.3 GBJD Forecast Estimates
Through similar reasoning,

1
Prit = (H & '2-(72> + 0 (Wry — Wri]

Ja I (565)
=+ Z log (1 + Y 7dN;r11) + Z log (1 + Y, r+1dNj141)
J=u j=d
and . )
. P Ay A
frp = E(rrul|Fr) = o — 57 A g} (5.6.6)
(67 (7]

5.6.4 Assessing Forecasting Accuracy

In order to assess the accuracy of the forecasts, two popular measures are employed;
the Root Mean Square Error (RMSE) and the Janus Coefficient (J).> The Mean
Absolute Error (MAE) is another popular measure of forecasting adequacy, but
it does not penalise large forecasting errors as much as the RMSE measure does.
Hence, I calculate only the RMSE measure and J. Small values of the RMSE and

J indicate good forecasting performance. The values of r;, 1 = 1,2,...T are the

1 T+l Fi—1i)2
"RMSE =/} T4, (7 — 1) and J = Lrpalony
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returns in the original sample and for r;, i = T+ 1,... T+, I used the return values
starting from the day immediately following the last observation in the sample for

each stock until July 6th, 2009.

5.7 Sample Statistics

Tables 5.1 and 5.2 below give some summary statistics for the sample taken of daily
returns from the ISEQ, FTSE100 and S&P500 composite indices and a list of nine
individual stocks which trade on one or other of the three indices. The stocks that
I selected are very liquid, an important characteristic given the event driven nature
of the jump diffusion models. The indices are broad indicators of the equity market,
and the daily sampling frequency captures high-frequency fluctuations in the returns
process that are critical for identification of jump components.® However, since none
of the indices reported are adjusted for dividends, it is more correct to note that
I model the observed series of log-price differences and refer to it hereafter as the

“return process”.

The ISEQ index spans the period 01/2000 through 12/2008 (N = 2319), the
FTSE100 spans the period 10/1985 through 10/2008 (N = 5849) and the S&P500
series spans the period 12/1988 through 12/2008 (/N = 5042). The number of days
in the sample with positive returns (Up Freq.), no change in returns and negative
returns (Down Freq.) appear in the last three columns of the table. For the indices
there are a comparable number of days with positive and negative returns. However,
there are significantly fewer days with no change in the returns in each instance. The
range of returns ((—.3850, .3755) for the ISEQ, (—.1303, .8469) for the FTSE100
and (—.0947, .1096) for S&P500) is large for all indices. This is indicative of the

6The daily sampling frequency avoids modelling intra-day return dynamics which are con-

founded by market microstructure effects and trading frictions.
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occurrence of significant booms and busts during the sample periods. The excess
kurtosis is induced by stochastic volatility in the returns process and exceeds what

can be rationalised by the GBM model.

Indeed, the summary statistics for the stocks produce a very similar picture to

those of the indices, and hence, do not require a separate discussion in this section.

Table 5.1: Summary Statistics
Mean SD Min Max

FTSE100 .0002 .0111 -—.1303 .0847
S&P500 .0002 .0112 —.0947 .1096
ISEQ —.0002 .0174 ~—.3850 .3755

Intel 0006 .0270 —.2489 .1833
Vodafone .0004 .0232 -.1590 .1371
HSBC .0004 .0185 —.1455 .1442
British American Tobacco .0006 .0218 —.2202 .1872
General Electric 0003 .0175 —.1368 .1276
Johnsons& Johnsons 0005 .0151 —.1725 .1154
Bank of Ireland —.0016 .0326 —.2725 .3443
Fyftes —.0012 .0295 -.5766 .1335

Elan Corp. .0005 .0600 —1.140 .2377

5.8 Results

Tables 5.3, 5.4 and 5.5, reported in Appendix B, are estimates of the parameters
for the GBM, LJD, and GBJD models respectively. All of the estimated parameters

are of daily sizes.
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Table 5.2: Summary Statistics cont.

Skewness Kurtosis Up Freq. No Change Down Freq

FTSE100 .6918 13.82 3054 13 2782
S&P500 .2664 13.38 2675 3 2364
ISEQ —.0877 19.74 1179 65 1073

Intel —.3944 8.17 2512 120 2409
Vodafone .0205 6.13 2443 231 2379
HSBC —.1643 8.81 2080 118 1982
British American Tobacco 3535 15.15 1295 69 1265
General Electric —.1443 9.69 2426 195 2420
Johnsons& Johnsons —.1856 9.66 2471 164 2406
Bank of Ireland .6082 28.52 703 100 756
Fyffes —.6489 11.2% 584 359 616

Elan Corp. —.6971 11.63 741 99 719
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The second last column in each table reports the BIC values for the three speci-
fications. As mentioned previously, the model with the smallest BIC value provides
the best fit to the data. The values in boldface are the smallest values. As expected,
the GBM specification does not provide a better fit over the jump diffusion specifi-
cations for any of the return series examined. This is consistent with intuition and
expectations. The GBJD is superior to the LJD for eight of the returns series, with
the LJD beating the GBJD for only four cases. This provides strong support for
the GBJD specification in terms of model fit.

The last column in these tables reports the Janus Coefficient value, J. Similarly,
the smallest values are in bold. For brevity I do not to report the RMSE value,
since these results yielded the same conclusions to those produced by J. From a
forecasting adequacy perspective, the GBJD specification also appears to perform
better than the other two specifications. For the three indices, the GBJD provides
both a better fit and appears to have greater predictive power than the GBM and
LJD models. For the individual stocks, the link between forecasting adequacy and fit
is more opaque. For HSBC and Bank of Ireland, the LJD is strongest in terms of fit
and predictive power and for General Electric, the GBJD seems to be the preferred
model for both. For the rest of the stocks, the model which gives the best fit for
a particular stock is not the same model that has the strongest predictive power
for that stock. Indeed, the GBM appears to have the greatest forecasting ability
for Intel, Vodafone, and Elan Corp. Overall, the results for forecasting adequacy of
the models are not very informative. However, the GBJD has a greater predictive
power for five of the twelve returns series studied, whereas the GBM and LJD have

greater predictive power for only three and four of the twelve series respectively.

In discussing the estimate results, I focus on the daily returns for the FTSE100
(first row in the tables). This is largely because the series spans the period which

includes the market crisis of October 1987, the years 1997 and 1998 (Russian default
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and Long-Term Capital Management collapse), September 11th 2001, and some of
the 2007/08 credit and liquidity crisis. Hence, it incorporates the rare events that
had a significant impact on stock prices and causes dramatic consequences on the
market volatility; see Figure 1 in Appendix B. As well as this, the sample is large
enough to encompass the periods where the market stabilised after these rare events

(excepting the most recent crisis, however).

Considering firstly, the LJD parameters, it appears that a jump in the return pro-
cess occurs approximately once every 3,300 days (A™!). As expected, the estimated
volatility associated with the continuous component of the jump diffusion specifica-
tions is smaller than the corresponding estimate under GBM. However, turning to
the GBJD specification of the FTSE100, it appears that “good” and “bad” news
arrive once every 625 (\;!) and 87 (\;') days respectively, which is considerably

more realistic than a jump occurring approximately once every 10 years, as the LJD

specification suggests.

Overall, the parameter estimates obtained for the GBJD, the model of most
interest, have reasonable values which are informative. One of the most notable
things is that the volatility parameter for all of the returns series is significantly
reduced by separating the jump components into up jumps and down jumps, as

expected.

5.9 Application to Black-Scholes

The standard Black Scholes formula for the price of a European call option is given
by
C(S,t) = SN(dy) — KeT" TN (dy), (5.9.1)
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where ( )
In(§)+(r+%)(T-1)
d, = — (5.9.2)

and

dy=dy —ovVT —¢. (5.9.3)

The price of a European put option may be computed from this by put-call parity
and is given by
P(S,t) = Ke "TIN(—dy) — SN(—d;). (5.9.4)

N(-) is the cumulative distribution function of the standard normal distribution,
T — t the time to maturity, S the spot price of the underlying asset, K the strike

price, 7 is the risk free (annual) rate and, o the volatility of the underlying stock.

Comparative statics of C'(S,t) and P(S,t) with respect to o indicate that the
price of a call option is increasing in volatility and the price of a put option is

decreasing (while all other parameters remain constant).

An empirical investigation by Macbeth and Merville [31] shows that if one as-
sumes that the Black-Scholes model correctly prices at the money options with at
least ninety days to expiration, then the Black—Scholes model predicted prices are
on average less than market prices for in the money options. The current chapter
shows that the volatility parameter for all of the return series, over the period ex-
amined, is significantly reduced by separating the jump components into up and
down jumps. This would imply that by applying the volatility parameter obtained
from the GBJD specification to calculate a call and a put price, for a specific strike,
time to maturity and risk-free interest rate, the price of the call option would be
less and the price of the put would be greater than if the GBM volatility parameter
was applied. If the results of Macbeth and Merville are true, then it would appear
that the GBJM specification would be better at predicting market prices for out of

the money calls and in the money puts than the GBM specification.
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However, these results contrast with Black [6] who reports that deep in the money
options generally have Black—Scholes model prices which are greater than market
prices. Thus, there is apparently conflicting empirical observations on option pricing
which appear in the literature, the explanation for which can be difficult to ascertain.
A possible explanation is the following; if Black—Scholes model prices are calculated
using a constant volatility parameter, &, obtained from a time series of past returns
to the underlying common stock, then on days when the true volatility, o, exceeds
o, the Black—Scholes model price based upon & will be less than the market price;
but on other days when oy is less than &, the reverse will be true. Therefore, it is easy
to see how one researcher may find in the money options overpriced by the Black—
Scholes model while the other finds in the money options underpriced if they use
different data to estimate the variance rate ¢ and/or compute Black—Scholes model
prices over different time periods. Hence, a watertight conclusion on whether the
GBJD specification is preferred to the GBM specification in predicting the market

prices of European options is not possible to obtain.

5.10 Concluding Remarks

In this chapter I extend the standard geometric Brownian motion (GBM) and log-
normal jump diffusion (LJD) models of option pricing and derive a new specification
which distinguishes between upward and downward jumps in returns. I compare this
new specification, namely the Gamma-Beta jump diffusion (GBJD) model, with the
other two specifications in terms of model fit and forecasting power. I find that the
separation of the jump component to distinguish between upward and downward
movements clearly improves the characterisation of the empirical distribution of
returns. In terms of both fit and predictive performance, the GBJD specification

is the preferred model over the GBM and the LJD for the series of returns that I
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examine.

Theoretically, the GBJD specification can be applied to assess the dynamics of a
wide number of other economic variables, not simply stock returns. Such variables

include inflation, short-term interest rates and foreign exchange.

Jumps arise for many reasons, such as sudden financial turmoil, as witnessed
globally in August 2007, litigation issues or incomplete accounting information.
Hence, searching for models that account for such jumps, or “abnormal” move-
ments in the underlying assets, are becoming increasingly important in terms of

financial modelling.

Appendix

A Derivation of the Unconditional Density Func-
tion

Let G5 = m be the number of upward jumps and By = n the number of downward
jumps over the time span t = 0,...,s. By letting U := S In(Y*) > 0, D :=
Zf_j’l In(Y;%) < 0 and T := U + D, the s period return can be written as:

r(s) = (u— —;—02)3 +Z(s)+ U+ D. (A.1)

As shown in Walck [55], exp(a) = I'(1,a™!). Thus, In(Y*) ~ ['(1, ;') = exp(aw).
Thus, for G, = m > 1 the conditional distribution of U is given by fyjm ~ T'(m, a;!).
Also, if Y¢ ~ Beta(1,ay), then In(Y?¢) ~ exp(—aq) = I'(1,—ay). Then for B, =
n > 1, the conditional distribution of D < 0 is denoted by f_pj, ~ I'(n, —aq).

Therefore, if m,n > 1, the conditional density for r(s) is an independent sum of
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I'(m, ), T(n, —ag) and N((u — 302)s, 02s):

iama)= [~ e=0( [ ro@st-aw)a @2

where f(r —t) ~ N((u— 30?)s,0?%s).

It is also necessary to derive the unconditional density of s = 1 period returns as
it plays a crucial role in estimation and hypothesis testing. The function can be
written as a Poisson weighted sum of the four conditional densities; i.e. f(r) for
m=n=20, f(r) form >1,n=0, f(r) for m =0,n > 1 and f(r) for m,n > 1.

where P(n,\) = e_:!’\n.

fle) = Z Z P(m, A\y) P(n, A\g) frun(7) (A.3)

where P(n, A) := e__:!’\".
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B Tables and Figures

Table 5.3: GBM

! a BIC J
FTSE100 .0003  .0111 -30219 0.62259
S&P500 0003  .0112 —30946 0.69740
ISEQ —.00001 .0174 —12177 0.15453
Intel 0010  .0265 —21723 0.32605
Vodafone 0007  .0228 —23216 0.33777
HSBC 0005  .0185 —21492 1.30006
British American Tobacco ~ .0008  .0218 —12650 0.18880
General Electric 0005  .0161 —26599 1.53640
Johnsons& Johnsons 0006 .0147 —-27493 0.36612
Bank of Ireland —.0010 .0326 —6235 1.64332
Fyffes —.0006 .0295 —6553 0.40311
Elan Corp. 0023  .0600 —4335 0.85912
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Table 5.4: LJD

~

[ o A o o BIC o
FTSE100 .0003 .0109 .0003 —.1362 .0456 —36395 0.62247
S&P500 .0003 .0119 .0000 —.2818 .1435 —31206 0.69738
ISEQ .0001 .0046 .0172 —.0047 .1375 —12991 0.15444
Intel .0011 .0260 .0004 —.2460 .1016 —21911 0.32606
Vodafone .0007 .0228 .0000 1.386 .6112 —23351 0.33778
HSBC .0005 .0184 .0001 —.3918 .2246 -21564 1.30005
British American Tobacco .0000 .0217 .0000 1.3849 4679 -12759 0.18881
General Electric 0005 .0161 .0000 —.6793 4911 —26636 1.53639
Johnsons& Johnsons .0006 .0146 .0051 —.2309 .0913 -—-27629 0.36602
Bank of Ireland .0002 .0281 .0062 .0261 .2071 -8574 1.63810
Fyffes .0012 .0210 .0055 —.1814 .2111 —7583 0.40203
Elan Corp. 0032 .0400 .0069 —.3456 .4123 -6575  0.85957

returns

Ce

1
01jan1985  01jan1990  01jan1995  01jan2000  01jan2005  01jan2010
daily

Figure 5.1: FTSE100 Returns
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Table 5.5: GBJD

I a Ay iy Ad g BIC J
FTSE100 .0005 .0103 .0016 32.24 .0115 38.08 -36452 0.62244
S&P500 0006 .0078 .0646 68.01 .0903 69.57 -35784 0.69737
ISEQ —0.0001 .0083 .0109 13.57 .0077 11.45 -13551 0.15443
Intel .0016  .0247 .0032 18.64 .0164 20.84 -21945 0.36797
Vodafone —.0012 .0162 .3316 67.08 .1785 56.91 -23513 0.33789
HSBC .0008 .0144 .0732 49.76 .0834 47.64 -—21511 1.30027
British American Tobacco —.0008 .0142 .1150 37.11 .0517 31.43 —12741 0.18879
General Electric .00003 .0146 .0443 55.91 .0093 31.55 -26676 1.52794
Johnsons&Johnsons .0007  .0143 .0008 22.64 .0028 23.22 -27800 0.36629
Bank of Ireland —.0047 .0170 .2412 3249 .0424 16.37 —8295 1.63811
Fyftes 0106  .0177 .00001 1.16 .2040 15.62 -7835 0.40328
Elan Corp. .0172  .0305 .00003 .6232 .1432 8.10 —6142 0.86977
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Chapter 6

Conclusion

6.1 Concluding Remarks

In Chapters 2, 3, and 4 I apply a real options framework to value those announce-

ments willingly made by firms outside of their legal and regulatory requirements.

Real options theory has been fruitfully applied in other areas of strategic de-
cision making where investment decisions are affected by particularly high levels
of underlying uncertainty. This includes, for example, valuing the contribution of
research and development programs (see McGrath and Nerkar [34]). My research
in Chapter 2 adds to this literature and the application of real options methods by
conceptualising voluntary information release as a valuable real option which can

impact positively or negatively on firm value.

By introducing the announcement option in this thesis, I aim to contribute to
the ongoing exploration of corporate real options as well as to extend our under-
standing of what a strategic option can be. As such, my research answers the early
call of Bowman and Hurry [7] that “more valuation studies and more studies that

identify different options and their related strategies are needed”, by providing a

114



new application of real options theory.

Relations between announcement timing and earnings news are relevant for two
main communities. Policy makers are concerned with promoting timely disclosure
by firms in order to promote market efficiency. They should be interested in whether
there exist incentives and/or frictions in the reporting process that lead to significant
systematic delays in earnings announcements. Financial market participants are
also likely to be interested in this area of research since their information gathering
and trading activities are likely to be affected by evidence concerning a significant
relation between the timing of an announcement and the direction and magnitude

of the news in the announcement.

The research I conduct in Chapter 3 primarily touches on two streams of lit-
erature; the literature that deals with voluntary disclosure and the literature that
addresses the non-exclusivity feature inherent in a real option, in particular, the
issue of imperfect competition. While corporate voluntary disclosure has become
an important and topical area of research in recent years, particularly in the ac-
counting literature, there have been very few real option applications concerned
with voluntary disclosure and none, as far as I am aware, concerning competitive
interactions between firms in determining equilibrium exercise policies from a real
options perspective. Therefore, such an analysis should provide an interesting and

useful contribution to the literature.

With respect to my (benchmark) model set-up, there is an asymmetry of in-
formation between the manager, who holds all of the information about the firm,
and the shareholder who gains no information until disclosure has taken place at
the manager’s discretion. I address this aspect of the problem in Chapter 4. In
particular, I extend the benchmark model described in Chapter 2 to account for the
possibility that the manager is faced with a corporate control challenge, with the

ensuing possibility of dismissal, if his disclosure policy is too far mis-aligned with the
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shareholder’s utility maximising policy. I find that the manager’s threshold under
corporate control is always lower than the threshold when no such corporate control
challenge is imposed. Furthermore, the greater the probability the manager is faced
with a control challenge, the more transparent is the disclosure policy he chooses to

adopt.

I conclude with some empirical research on option pricing. In Chapter 5 I extend
the standard geometric Brownian motion (GBM) and log-normal jump diffusion
(LJD) models of option pricing and derive a new specification in which I distinguish
between upward and downward jumps in stock price returns. I compare this new
specification, namely the Gamma-Beta jump diffusion (GBJD) model, with the other
two specifications in terms of model fit and forecasting power. In terms of both, I
find that the GBJD specification is the preferred model over the GBM and the LJD

for the series of returns that are examined.

As I discussed in Chapter 5, jumps, or “abnormal” movements in the underlying
assets, arise for many reasons and searching for models that accounts for such jumps
are becoming increasingly important in terms of financial modelling. In theory, the
GBJD specification can be applied to assess the dynamics of a wide number of other
economic variables, not simply stock returns. Examples of such variables include
inflation, short-term interest rates, and foreign exchange. Hence, a specification
such as the GBJD model may provide financial economists and technicians with a
very useful form of option pricing model. In particular, the possibility of obtaining a
closed-form solution lends the specification a certain degree of technical tractability,
and the intuitive reasoning which underlines it deepens the realism of the other

widely used specifications such as the GBM and Merton’s LJD.
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