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CHAPTER ONE
INTRODUCTION

In many cases, option theory is believed to be superior to the naive discounted
cash flow approach to valuation because it captures the value of real options arising
from managerial and strategic flexibility. Bearing this in mind, and in view of the fact
that many firms listed on stock exchanges possess real options, this thesis investigates
the extent to which company valuation is associated with the existence of real options.

In particular, the study evaluates the real options held by companies listed on
the Athens Stock Exchange during the period from January 1990 to December 1999,
using a dataset constructed specifically for this purpose. Initially, the thesis examines
the events that reveal the existence of real options held by the companies and
eventually their exercise. In addition the thesis examines whether the real options are
value relevant in the context of the residual income valuation model. Overall, the
findings are most promising as they show how market valuation practices and real
option theory converge in the case of those real options which are growth options.

First, it is shown that the presence of growth options is associated with
excessive returns during the period from the option announcement until the time of
the exercise or expiration. Moreover, further evidence confirms that growth options
are a significant explanatory variable in the context of residual income valuation. The
study also provides evidence, albeit statistically weaker, concerning the relevance of
other types of options (namely options to expand, options to default and abandonment
options) to a company's value.

The first part of the thesis provides an overview of real options and their
applications, including the theoretical framework of real option valuation and a
review of related empirical findings. In this context, it should be noted that the need
for the development of a new investment paradigm was discussed well before the
existence of real options was fully understood. That is to say, early management
researchers suggested that standard discounted cash flow criteria often undervalue
investment opportunities, leading to the eventual loss of the competitive position,
because they either ignore or do not properly value important strategic considerations.

As a result, it is often said that investment tends to be skewed toward equipment and
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relatively short-term projects and away from structural investment and relatively long-
term investments.

Proponents have argued that the problem arises from the misuse of discounted
cash flow techniques in practice, especially from the improper treatment of inflation
effects, excessive risk adjustments and failure to acknowledge how management can
reduce project risk by diversification and other responses to future events. However,
others argue that DCF practices fail whenever significant operating or strategic
options are present. In effect, the adoption of the NPV rule is as if management makes
at the outset an irrevocable commitment to an “operating strategy” (for example to
take the project immediately and operate it continuously until the end of its pre-
specified expected useful life) from which it cannot depart regardless of eventual cash
flows. However, as new information arrives and uncertainty about market conditions
and future cash flows is gradually resolved, management may alter its operating
strategy so as to mitigate losses or to capitalise on favourable potential opportunities.
This flexibility, it is argued, should be incorporated in the initial capital budgeting
decision.

Although the use of simulation or decision tree analysis reduces some of the
deficiencies of the standard discounting techniques, both methods fail to value
investment opportunities whose claims are not symmetric. The asymmetry caused by
managerial adaptability calls for the application of an “expanded NPV” rule that links
the NPV of direct cash flows, and the option value of operating and strategic
adaptability. The value of options from active management can be treated as a
collection of real options embedded in capital investment opportunities, where the
underlying asset is the gross value of expected operating cash flows. Many of these
options occur naturally, while others may be planned and built-in at some extra cost,
which is particularly relevant to companies with new technologies, product
development ideas, and defensible positions in fast-growing markets or access to
potential new markets. In these circumstances, the traditional DCF approach is clearly
insufficient, and real option pricing becomes increasingly necessary.

In spite of the growing recognition of the need for a real options framework
for valuation, the lack of understanding and the fuzziness of many options resulted in
a considerable lag in option-pricing applications in corporate finance. In some cases,
the identification and modelling of real options has proved to be a difficult task.

Nevertheless, the option approach has certain advantages over DCF. Option valuation
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reduces information requirements, eliminates the need to determine risk-adjusted
discount rates and helps to determine an optimal investment-timing decision. The
growing literature on real options has revealed also that the volatility of prices
becomes an important determinant of investment, and input price elasticity has less
meaning at the micro-level than critical input price boundaries. Also, the
incorporation of the flexibility value in pricing has important implications for the
future resource plan design.

If investment opportunity is valuable in itself, the option is simple. However,
the investment may be a prerequisite for subsequent investment opportunities. Also, if
the project needs an immediate accept/reject decision, the option either expires or it is
deferred. In this context, the major issue surrounding real option valuation is optimal
capacity together with an understanding of optimal entry and exit conditions. Also the
recognition that capital investment decisions can be irreversible gives the ability to
delay investment added significance. For instance, although some early researchers
underline the importance of protecting or enhancing the value of real options, only
recent studies give special attention to the flexibility that will enhance the value of an
option. This is called proactive flexibility, and in many cases firms can maximise the
value of options by influencing the factors associated with such flexibility. However,
despite the existence of proactive flexibility, the presence of competitive interaction in
shared options may remove it and lead to earlier exercise. Indeed, it pays to exercise
some real options earlier than necessary when the project’s NPV is high and industry
rivalry is intense.

Option pricing theory became popular among economists with the Black and
Scholes paper in 1973 that shows that options can be priced by constructing a risk-
free hedge, that is by dynamically managing a simple portfolio consisting of the
underlying asset and cash. The Black Scholes model is based on the assumption that
the price of the underlying asset is lognormally distributed. Others assume that the
underlying asset follows a jump-diffusion process, and they require two additional
parameters, namely the expected number of jumps per year and the percentage of the
total volatility explained by the jumps, but still pricing an option on an underlying
asset that is traded continuously. In many real option applications, however, the
underlying “asset” is rarely traded in anything approximating a continuous market and
its price is therefore not continuous either. For that reason the option-pricing

framework has now developed to include non-tradability and non-observability. The



Chapter 1 Introduction

analytical formulas derived in continuous-time options pricing provide certain
advantages, but their usefulness is restricted by deficiencies that relate to their
statistical assumptions. Many real option studies use binomial tree approaches to
value real options, rather than continuous-time pricing. Certainly, if we assume a very
large number of steps, a binomial tree is equivalent to the continuous-time Black-
Scholes formula when pricing European options.

Early real option research developed a framework to allow for growth options,
options to switch among various uses and various combinations of options. The
valuation of an option to exchange one risky asset for another was the first serious
attempt to value these complex types of option, while the valuation of an option to
acquire another option provided the second main approach to real option pricing. The
latter has been particularly useful in valuing timing options, growth options and
options to default. The present study builds on this prior research and examines the
valuation of (1) the option to defer or initiate investment, (2) the option to abandon,
(3) the option to default, (4) the option to alter operating scale, (5) the option to switch
use and (6) growth options, eventually focussing in the empirical research study on
growth options and options to default, abandon or alter operating scale. By way of
introduction, each of the six main types of real option is described briefly below.

When there is high uncertainty, and the potential benefits to wait and see if
output prices justify the implementation of a project are high, then the option to defer
or initiate investment is valuable. In particular, management has the option to invest
only if output prices increase sufficiently, or to defer the investment if prices decline.

This is the case, for example, when legislative changes are to take place. The
option to defer or initiate can be valued as an American call option on the present
value of the project’s cash flows.

In many projects, the required investment is incurred at numerous stages. The
staging of capital investment as a series of cash outlays over time creates valuable
options to default at any given stage, if conditions prove worse than initially
expected. These options are particularly valuable in venture-capital finance,
pharmaceuticals, computer, electronics and capital-intensive industries, including
power station development, aircraft construction, mining or other large-scale
construction projects.

If output prices prove to be lower than expected, due to a sustainable decline

or due to other reasons, the management has the option to abandon the project
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permanently in exchange for the resale value of its capital equipment and other assets
in second-hand markets. Similarly, the equity-holders have the option to default on
debt payments, in exchange for the liquidation value of the firm minus the value of
debt payments. The option to abandon is valuable in capital-intensive industries such
as railways and airlines and in financial services, while the option to default is useful
to value companies that are financially distressed. The option to abandon is valued as
an American put option on current project value with the exercise price equal to the
salvage value. Similarly, the option to default is valued as an American put option on
the current enterprise value with the exercise price equal to the difference between the
liquidation value and debt obligations.

Once a project is undertaken, managers may have the flexibility to alter it in
various ways at different times during its life. The option to expand and the option to
contract are two basic forms of the option to alter the operating scale of a project.
The option to expand arises whenever the management finds it desirable to make
additional follow-on investment if it turns out that its product is more successfully
received in the market than originally expected. Conversely, if the product is not as
well received in the market as initially expected, the management may find it
desirable to forgo planned future expenditures by reducing the scale of operations (i.e.
it has the option to contract) or by shutting down the project temporarily (i.e. it has the
option to shut down and restart). In the case of the option to expand, the original
investment opportunity can be thought of as the initial project plus a call option on a
future opportunity to acquire additional capacity. However, the option to contract is
analogous to a put option on part of the base-scale project, with exercise price equal to
the potential cost savings. Similarly, the option to shut down and restart is analogous
to a put option on the project’s cash revenues, with exercise price equal to the variable
costs of operating. The option to alter operating scale is particularly valuable in
cyclical industries. Although the option to expand capacity may be planned and built
in at some extra cost from the outset, both the option to contract and the option to shut
down and restart operations occur naturally.

The option to switch use exists when a firm has valuable flexibility either to
switch to a different product mix (product flexibility), or to switch to other input
materials (process flexibility). This is the case when a project uses machines that have
many alternative uses, which is more valuable than an otherwise identical project that

uses specialised machines. The option to switch use, is, interalia, particularly
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valuable, in the form of product flexibility, in strategic acquisitions, and in the
banking industry. The importance of the option becomes critical when the
environment is highly volatile and the technology is flexible, thus permitting product
or raw material changes at little cost. The option to switch can be viewed as an
exchange-one-asset-for-another American option.

Growth options are opportunities that become available in the future but are
not part of the initial project. Growth options, or strategic options, are evident
whenever an early investment is a prerequisite or a link in a chain of interrelated
projects, in industries or markets that provide the potential for successful product
and/or market diversification. They are common in infrastructure-based or strategic
industries, especially in high-tech ones as well as in industries with multiple product
generation or applications (e.g. computers and pharmaceuticals). Moreover, growth
options are particularly important for multinationals and entrants in new markets,
including joint ventures. Growth options can be acquired via purchase of real assets,
via learning-by-doing, via direct expenditure in research, advertising, training or some
other activity, and can be viewed as options on options.

Finally, it should be noted that projects are often complex in that they may
involve a collection of options whose values may interact, and project
interdependencies may also affect the value of these multiple real options. To
summarise, real option valuation may be applied in a variety of contexts, both in the
specific circumstances outlined above and also in the more complex arrangements
that give rise to multiple real options. Mine and land development, information
technology, strategic analysis, acquisitions and multinational operations are only
some of the areas developed. Indeed, as the introductory discussion of real options
shows, any evaluation of real options held by firms requires a detailed understanding
of the range of applications that might exist. Therefore, this thesis starts with a
comprehensive examination of such applications and the implications for investment
decision making.

Chapter Two of the thesis discusses in greater detail the types of real options
that are likely to be encountered in practice. Chapter Three illustrates how real
option theory might be used in capital budgeting. The examples show how the
management’s flexibility to proceed or not with an investment adds considerably to
the company’s value. The examples include the cases of a simple growth option, a

compounded growth option, an abandonment option and an option to default. To
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simplify the examples, it is assumed that the value of the project follows a
multiplicative binomial process over discrete period(s).

The simple growth option is an option to expand, which is illustrated by
examining a petroleum refinery that considers developing a new unit similar to
existing ones. In this case, the option is valuable because of high political uncertainty.
If political party A wins the elections, petrol demand prospects are expected to be
bright given party A’s plans to lower an import tax for cars while if political party B
wins the elections, petrol demand prospects are expected to fall since party B plans to
increase the import tax for cars.

To illustrate how to apply real options theory in the case of a compounded
growth option, we consider an example of a company that considers a phased
expansion of its manufacturing facilities. First, the company will invest in developing
the product (research and development expenses) and in promoting it (advertisement
and other promotional expenses). Second, if demand proves satisfactory, the company
will develop the planned production line, otherwise the company will cover the
demand from existing lines. It is shown how, although Phase 1 of the project is
negative in NPV terms, it gives the opportunity to proceed to the implementation of
Phase 2 of the project, which may prove to be very profitable. In this case, the
company has the flexibility not to develop a new production line, based on the
information revealed during Phase 1 investment.

The option to abandon is illustrated by examining a food manufacturing
company that has a bread production unit which is not profitable. As a result, the
company considers the opportunity to sell the unit. To illustrate the option to default,
a debt-financed textile company is examined, where the naive DCF approach does not
take account of management’s financial flexibility to undertake riskier projects that
raise the equity-holders’ value. In fact, shareholders in such firms generally have the
option to expropriate wealth from bondholders by pursuing riskier projects that
increase the variance in the firm value and will lead to an increase in the value of
equity. This option, and the financial flexibility involved, explains why financially
distressed firms can have positive value on stock exchanges.

In Chapter Four, the theoretical developments in the area of real option
analysis are presented. Initially, the chapter examines discrete-time valuation models.
Although discrete-time models are conceptually easy to understand, they are of

limited value in practice because they assume only two possible outcomes, something
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unusual in most real-life projects. In practice, there are many possible outcomes, and
these can be better expressed by a mathematical function that assumes an appropriate
distribution. In addition, whereas discrete-time models assume that the value of the
asset is not continuous, continuous-time analytic models provide a solution to this
limitation as well.

To value the option to abandon in continuous time, it is generally assumed
that a company can increase incrementally its production and can shut down a project
with no cost incurred, although more recent approaches examine the option to
permanently abandon a project for its salvage value. In the case of the option to
default, a continuous-time formula that is useful to apply is the option to exchange
assets. While the formula gives the ability to value the option to default as a complex
call option, some researchers use simple call option formulas or they value options to
default as put options. The option to expand is valued as a simple call option by way
of a transformation of the classic Black-Scholes model. Finally, in the case of the
growth option, the value of the project consists of the value of a series of call options
on the market value of the project.

The discussion in Chapter Four also considers the main difficulty in using
valuation formulas in this way, which is the assumption that the variance of the rate of
the return on the project is constant, while in practice this variance is not constant but
depends on the value of the corporation. In fact, recent research assumes that the
underlying asset price follows a jump process, instead of a continuous one. However,
although jump formulas should provide more accurate estimation of growth options
they are difficult to estimate because they require detailed analysis of strategic
information that is not always disclosed, which is the case for the empirical analysis
reported later in this thesis.

Chapter Five examines previous studies in real option valuation and related
areas. Real options are shown to be a significant component of company value in
some cases. Indeed, some 45% to 90% of the total value of companies examined in
the USA is attributed to growth options (Kester, 1994; Ottoo, 2000). On average,
however, 63% of the market value of emerging firms compared to 6% for mature
firms is accounted for by the present value of growth opportunities (Ottoo, 2000).

Not surprisingly, growth options have attracted much interest among option
researchers. For instance, early research provides evidence that option pricing theory

is useful for valuing offshore petroleum leases as growth options. Oil managers report
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a higher level of agreement than others with the assumptions required by the real
options framework and they show less over-valuation of options to expand and
growth options than managers in other areas (Howell and Jagle, 1997). Theory
approximates to management practices better in some sectors than others. As in the oil
sector, there is evidence that IT investment options are in line with managerial
practice to defer entry into the POS debit market (Benaroch and Kaufman, 1999).
However, in the case of pharmaceuticals, practice is in line with growth option theory
only in the early stages (Kellogg, Charnes and Demirer, 1999). There is also empirical
evidence in land valuation that supports real option pricing in the case of an option to
wait (Quigg, 1993), and the same model is useful to describe and predict the opening
and closing decisions of North American gold mines (Moel and Tufano, 1999).

There is evidence to suggest that growth options occur in more than 60% of
capital investments, and are taken into account in capital appraisal (Busby and Pitts,
1997). According to the Busby and Pitts survey among UK Finance Directors, options
to defer occur in more than 40% of cases and abandonment, time to build and switch
options in more than 20% of cases. Interestingly, many of the respondents had also
developed procedures to value these different types of real option. Nevertheless,
although the evidence is encouraging with regard to the significance of real options in
practice, valuation methods differ significantly amongst researchers. In spite of the
plethora of formulas developed to value real options, many empirical studies use
Price/Earnings and Price/Book Value as proxies for growth options, either to measure
their value or to measure their systematic risk. This thesis considers four aspects, not
only the theoretical value of the real option estimated with an option pricing model,
but also the DCF equivalent, the excess value created following the announcement of
the real option and the value relevance of the real option in the context of the residual
income valuation model.

Chapter Six presents the methodology that is used to identify and to value
real options. In each of the cases examined (option to expand, growth option, option
to default, abandonment option), identifying a real option requires the examination of
project descriptions and the examination of project cash flow patterns. First, company
capital increase prospectuses were reviewed together with annual reports. Second,
information was gathered on press releases concerning company projects. Third,
company management was contacted to verify and supplement the information

gathered. After recognizing a real option, project characteristics were mapped onto
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the relevant variables. In the case of growth options, only those projects having two
main stages (phases) have been considered, because the estimation bias in valuing
further growth options (i.e. for projects that consist of more than two main stages) is
likely to be very large. The last stage was to judge what spending was discretionary
and what was not, based on the information already gathered (annual reports, capital
increase prospectuses, press releases and discussion with managers). Then, using the
approaches discussed in Chapter Five, real option values were estimated.

Then, the empirical results of the study are discussed in detail. Assuming the
semi-strong form of market efficiency, the examination of all relevant notifications
between 1990 and 1999 reveals the existence of 161 real options in companies listed
on the Athens Stock Exchange. For this purpose, all publicly available plans and
decisions about company-wide capital expenditure and about specific projects have
been included in the sample. In addition, plans and decisions regarding acquisitions
and tenders by groups and corporate subsidiaries were also included.

The results reject the hypothesis that real options are not recognised in the
market place and they indicate that market participants are normally informed one day
before the announcement. The value of companies that have real options increases for
three days following real option announcements. The results also show that in the case
of growth options, the announcement is associated with significant cumulative
abnormal returns, which is consistent with previous studies. For instance, Kester
(1984) reported significant growth option value when investigating the value of
growth options as a proportion of the value of leading US companies, and Kellogg,
Charnes and Demirer (1999) also reported results that support the hypothesis that
growth options are associated with market value appreciation.

In the present study, 45% of the options exercised were growth options which
compares with the higher figure of 60% among leading UK companies reported in the
exploratory survey conducted by Busby and Pitts (1997). The deviation between the
results reported in this thesis and those obtained by Busby and Pitts (1997) is
probably due to the fact that their investigation was limited to leading companies
while our study examines all companies listed on the exchange, irrespective of their
market share and also irrespective of their capitalization.

To examine whether real options contribute during their lifetime to the
company value in the share market, abnormal returns were computed as the difference

between the stock return and the index performance over the examined periods
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(excess returns). The companies that exercised real options had large and statistically
significant abnormal returns (19.19%) and outperformed the index during the
examined period by 12.56% (excess returns) on average while companies that let
options expire did not see any excess return on the stocks over the examined period. If
expired options are deep-out-of-the-money options at the time of expiration, then
these results are in accordance with what real option theory prescribes.

Surprisingly, the results also indicate that there is some anticipation in the
share market about the possibility of exercising real options. Companies that possess
options that later expired unexercised had on average low and statistically
insignificant excess returns during the option announcement period. On the other
hand, companies that finally exercised their real options had on average high excess
returns during the option announcement period. In this study, in the case of cxerciéed
real options, 28% of excess returns are realised on average during the signalling
period.

Furthermore, the analysis examines to what extent market values approximate
theoretical option values. The results indicate that the real option model can explain a
large proportion of abnormal returns on the Athens Stock Exchange. However,
investors seem to overvalue growth options during their lifetime, an apparent
irrational market behaviour that results in a 100% premium over the theoretical
growth option value. The latter is similar to the findings of Howell and Jagle (1997)
who found that, on average, UK managers overvalue growth options by 78% of the
theoretical option value. In contrast, investors tend to value options to expand in the
way that real option theory prescribes. Companies that possess an option to default are
found to have negative and decreasing cumulative abnormal returns before the option
initiation. Surprisingly, however, the study does not support the hypothesis that the
presence of an option to expand increases company value, possibly because analysts
have already accounted for expanding options well before their announcement.
Overall, the results support real option theory and the findings reported here for
Greece are in line with the findings of Paddock, Siegel and Smith (1988) and
Pennings and Lint (1997) who examined DCF values and theoretical option values.

Chapter Seven presents the methodology and the empirical results in the
context of residual income valuation. Taking the Ohlson (1995) residual income
model into account and following the methodology developed in Green, Stark and

Thomas (1996) and Akbar and Stark (2001), the results provide support for the
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predictive ability of the residual income model and are generally in line with other
findings from UK and USA researchers. Growth options contribute significantly to
the predictive ability of the residual income model, and therefore there is strong
support for the hypothesis that growth options are value relevant. On the other hand,
the results do not provide any support for the hypothesis that options to invest and
options to abandon or default are value relevant.

The overall study makes a new contribution to our understanding of the link
between real option theory and market valuation. The findings indicate that growth
options contribute strongly to company value if they are exercised. Indeed, the results
imply that the longer the duration of growth options, the higher the appreciation of
company market value. These results are interesting from both the theoretical and the
practical point of view. If abnormal returns in the early stages of an option indicate
the possibility of exercising the option, then market participants will make
extraordinary gains by choosing shares that have excess returns during the option
announcement period. These results may indicate that market participants can predict

if a real option is in-the-money or deep-out-of-the-money.
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CHAPTER TWO
REAL OPTIONS

Even though finance theory has made major advances in understanding how
capital markets work and how risky real assets are valued, it has had relatively little
impact on strategic planning,

Due to the deficiencies of applying the DCF methodology, the sole application
of standard NPV criteria eventually leads to underinvestment. DCF techniques fail to
evaluate investments that include strategic or operating opportunities. Similarly, DCF
fails to evaluate investments that are a link in a long chain of subsequent investments.
In particular, Discounted Cash Flow misuse comes from the improper treatment of
inflation effects, excessive risk adjustments and failure to acknowledge how the
management can reduce project risk by diversification and other responses to future
events.

Some decision scientists have tried to solve the problem by proposing instead
the use of other methods, especially the use of simulation and the application of
decision tree analysis. However, these methods experience considerable difficulties
with the problem of determining the appropriate discount rate. The fundamental
problem lies in the valuation of investment opportunities whose claims are not
symmetric. In the case of growth or compound investment opportunities, uncertainty
is not resolved continuously at a constant rate over time. Also, managerial flexibility
creates several interacting real options in most investment projects that may add value
due to their inherent asymmetry. The resulting asymmetry caused by managerial
adaptability calls for the application of an “expanded NPV” rule that reflects both the
traditional (static or passive) NPV of direct cash flows, and the option value of
operating and strategic adaptability.

The adoption of an “expanded NPV criterion has certain implications;

o the value of managerial flexibility can now be quantified through
option pricing;
e price volatility becomes an important determinant; and
e investment decisions take on a long-run strategic view.
In this area, early research focused on the classification of real options, the driving

forces behind real option value and the effects of real option valuation on
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management practices. More recent research has focused on real option applications,
developing a theoretical framework that facilitates the wider use of option pricing

theory. The present Chapter considers these issues in greater detail.

2.1 Valuation Techniques

Well before the development of real options, management researchers were
discussing strategic interactions and managerial flexibility issues. In some cases, they
provided insight into the growth and value drivers that are implied by investment
practices, and which question pure DCF techniques (e.g. Porter, 1980, Porter, 1985).
Moreover, other researchers have suggested that the standard discounted cash flow
criteria often undervalue investment opportunities, leading to eventual loss of
competitive position, because they either ignore or do not value important strategic
considerations properly (e.g. Hayes and Abernathy, 1980, Hayes and Garvin, 1982).
The composition of investments has been skewed toward equipment and relatively
short-term projects and away from structures and relatively long-lived investments.
Overall, discounting methods are biased against investments in new capital stock.
(Hayes, Garvin , 1982). Moreover, Capital Asset Pricing Model discount rates distort
appraisals even if the financial market is perfect and the stipulations of the CAPM are
met, due to the existence of investment opportunities that originate in barriers to
entry, impediments to information flow, governmental regulatory constraints or other
limits resulting in certain market imperfections (Myers, 1987).

Although finance theory has made major advances in understanding how
capital markets work and how risky real assets and financial assets are valued, yet it

has had scant impact on strategic planning.

Discounted Cash Flow

There are three common DCF misuses. First, accelerating inflation makes
projects less attractive. Second, premiums are tacked on for risks that can easily be

diversified. Rates are raised to offset optimistic biases of managers but if the bias does
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not increase geometrically with the forecast period, long lived projects are penalised if
the start-up period risk —premium is also applied after the start-up period, and short-
lived projects are artificially favoured. Third, the DCF approach does not fully grasp
and describe the firm’s strategic choices. Time-series links between projects (in other
words the project’s impact on the firm’s future investment opportunities) may not be
estimated properly (Hodder and Riggs, 1985, Myers, 1987). Also DCF procedures
fail to acknowledge how management can reduce project risk by diversification and
other responses to future events (Hodder and Riggs, 1985).

Some researchers tried to eliminate the deficiencies of DCF approaches by
proposing more sophisticated DCF-related formulas. Although a spanning approach to
estimate divisional cost of capital (Krueger, Linke, 1994) can partly eliminate the
problem of excessive risk adjustments, there are other deficiencies among different
types of DCF models discussed by Chambers, Harris, Pringe (1982) that are partially
solved by applying other adjustments. Especially in the case of high leveraged
companies, Arzac (1996) concludes that their valuation is difficult because their
future leverage ratios are uncertain.

Adjusted Present Value is a DCF approach that stems on Modiglianni and
Miller (1958) and Myers (1974) and that does not have the deficiencies of early DCF
approaches. An illustration of APV is provided by Luehrman (1997b). Nevertheless,
even APV remains a DCF methodology and is poorly suited to valuing projects that
are essentially options (Luehrman, 1997b).

Uncertainty about market conditions and management flexibility is usually
ignored by DCF. In many industries, companies stay in business and absorb large
operating losses for long periods, even though a conventional NPV analysis would
indicate that it makes sense to close down a factory or go out of business. In the mid-
1980s, many U.S. farmers saw prices drop drastically, as did producers of copper,
aluminium and other metals but most of them did not disinvest, although a naive NPV
approach would suggest doing so (Dixit and Pindyck, 1995). Delaying investment
decisions is also due to the cost of information gathering, somewhat ignored by DCF.
Using a Bayesian framework, Cukierman (1980) examines the issue and shows that
the firm which has to pick an investment project out of many that are available will
find it profitable to delay an investment decision in cases of increasing project
uncertainty, in order to collect more information. The paper concludes that increased

uncertainty will result in decreasing investment.
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If information cost asymmetries are seen as opportunities, the traditional
discounted cash flow method has inherent limitations when it comes to valuing
investments with significant operating or strategic options (Myers, 1987). To
illustrate, the commercialisation of patents and technologies through construction of
new plants and expenditures for marketing can allow companies to take advantage of
profit opportunities. Less obviously, companies that shut down money-losing
operations are also investing: the payments they make to extract themselves from
contractual agreements, such as severance pay for employees, are the initial
expenditure. The payoff is the reduction of future losses (Dixit, Pindyck, 1995).
Similarly, R&D or Marketing expenditures, and spending to create a new or stronger
brand, all create opportunities for companies with new technologies, product
development ideas, defensible positions in fast-growing markets or access to potential
new markets.

In general, the management may be able to defer, expand, contract, abandon,
or alter a project at different stages during its useful operating life. That flexibility, not
captured by DCF, in many cases limits the downside risk while improving the upside
potential (Luehrman, 1997a). Also, strategically important investments that are a link
in a long chain of subsequent investment decisions are difficult to evaluate using
DCF, because future events often make it desirable to modify an initial project by
expanding or introducing a new production technology at a later date (Kester, 1984).

Although much of the uncertainty in introducing a new product or production
technology is usually resolved early in the project life, companies may use the same
discount rate for the project life (Hodder, 1986). However, in practice if demand is
not satisfactory the project is abandoned or restructured to limit losses. In such
situations, DCF evaluation can be seriously biased against desirable projects. DCF
also misevaluates companies that are in a loss carryforward position. If the loss
carryforward position is sufficiently long, projects with a negative NPV (under the
assumption the tax rate is positive in each year of the project) may ultimately have a
positive NPV if the effects of the loss carryforward are considered (Hurley, Johnson,
19877},

The asymmetry inherent in the value of these opportunities leads to the

necessity to use other valuation techniques.
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Alternative Valuation Techniques

Some decision scientists have tried to solve the problem laying in the
application of the wrong valuation techniques by proposing the use of other methods,
especially the use of simulation (e.g. Hertz, 1964) and the application of decision tree
analysis (e.g. Magee, 1964).

When there are several uncertain variables at each stage (many chance
variables), uncertainty can be handled readily by using simulation methods.
Simulation methods are also useful where the relationship between the chance
variable and the cash flow following some decision alternative is a complex one.
Under simulation methods the uncertainties are clearly portrayed, so the management
can discriminate among expected return based on weighted probabilities of all
possible returns, variability of return and risks (Magee, 1964).

Similarly, decision tree analysis (DTA) can overcome some drawbacks of
DCF techniques especially in analysing complex sequential investment decisions
(Ritchken, Rabinowitz, 1988). Unfortunately, Decision Tree Analysis may
oversimplify reality in the case of using discrete chance levels. Finally, the limiting
factor in drawing up a complex decision-tree analysis is the capacity of the analysts to
imagine alternatives and to think out the implications of the various possible choices
(Magee (1964)). Moreover, more recent researchers agree that the main drawback of
DTA is to determine appropriate discount rates to be used in working back through
the decision tree (Ritchken, Rabinowitz, 1988, Trigeorgis,1988). According to
Trigeorgis (1988), simulation also basically stumbles on the problem of determining
the appropriate discount rate. The fundamental problem for both methods lies in the
valuation of investment opportunities whose claims are not symmetric. Managerial
flexibility creates several interacting real options in most investment projects that may
add value due to their inherent asymmetry. In the case of growth or compound
investment opportunities uncertainty is not resolved continuously at a constant rate
over time, so using a constant risk-adjusted discount rate is incorrect (Trigeorgis
,1988). Also the existence of probabilities and a wide range of scenarios makes

estimation too complicated1 (Ritchen, Rabinowitz, 1988). The inability of simulation

' Further discussion over the deficiencies of Simulation and DTA is provided by Teisberg (1995) and
Haug (1998).
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and decision tree analysis to value correctly investment opportunities whose claims
are not symmetric, made necessary the development of a new method to value these

contingent assets”.

2.2 Expanded NPV and Real Options

Generally speaking, the resulting asymmetry caused by managerial
adaptability calls for the application of an “expanded NPV rule that reflects both the
traditional (static or passive) NPV of direct cash flows, and the option value of
operating and strategic adaptability.

In other words,

Expanded (strategic) NPV

Static (Passive) NPV of expected cash flows
+

Value of options from active management

The above-mentioned equation, developed by Trigeorgis (1993a), stems from
concepts developed in early studies that examine the firm as a composition of two
distinct asset types. First, consisting of real assets that have their market value
independent from the firm’s investment strategy and second, consisting of real
options, which are opportunities to purchase real assets on possibly favourable terms
(Myers, 1977).

. Nevertheless, both the decision tree analysis and simulation techniques are useful in conjunction
with option pricing theory (see, Boyle (1977) and Cox, Ross and Rubinstein (1979) for discussion).
Contingent Claims Analysis (CCA) is able to value operating flexibility (option to defer, option to
shutdown, abandonment option, option to expand, option to contract facilities) or strategic options
(growth options). Ritchken and Rabinowitz (1988) provide examples of binomial pricing of growth
options and options to switch. A heuristic approach, named option-adjusted NPV, that combines NPV

and CCA analysis in the context of real options (in the case of the option to delay projects) is provided
by Ross(1995).

18



Chapter 2 Real Options

The existence of valuable real options presumes some sort of market
imperfection. More recent researchers distinguish firm specific and industry specific
real options (Kester, 1984) and they link the framework developed by early strategic
management researchers with real option literature. They propose that the company
must examine the type of options (firm- specific or industry-specific) and the intensity
of rivalry. When the intensity of rivalry is low and the real option is firm specific, the
option-related potential benefits are high (Kester, 1984). The value of these options
normally vanishes or declines if the firm does not exercise it because either the option
is firm-specific, or it is traded in thin and imperfect secondary markets (Myers, 1977).

Despite the wide recognition of real options in the marketplace, researchers
often formulate conceptually different statistical models to evaluate these options.
Early researchers (e.g. Myers, 1977, Kester, 1984) assumed that real option value is
implied by excessive P/E ratios. Others examine similarities between financial options
and real options, in the area of commodities to form their models. The comparison of
the variables for pricing models of share call options and undeveloped petroleum
reserves was examined by Siegel, Smith and Paddock (1987). At the same time, other
finance researchers show how the time-decision rule can be derived and applied to
project valuation, in a real option framework (Majd and Pindyck, 1987). Their paper
links and integrates previous research, over the effect of uncertainty on investments,
with real options modelling. The interaction among options has not been examined
properly given the complexity of these issues. Trigeorgis (1993b) examines projects
with collections of real options and quantifies interactions among these options.
Nevertheless, only more recent researchers provide a framework to apply option-
pricing theory for general company valuation purposes’ (Luehrman, 1998).

The lag in option-pricing applications in corporate finance is attributed
(Myers, 1996) to the lack of understanding and the fuzziness of many options. Unless
real options can be talked about, calculations of real option values will not be trusted.
Moreover in some cases, the identification and modelling of real options is a difficult
task.

Nevertheless, early researchers define three main advantages of the option

approach over DCF approaches. First, the OV (option valuation) approach reduces

* Dixit and Pindyck (1994), Trigeorgis (1996a) and Lander and Pinches (1998) provide extended
discussion and literature review.
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information requirements by eliminating the need to estimate some future values
(including developed reserve values). Second, the OV approach eliminates the need to
determine risk-adjusted discount rates. Third, the OV approach helps to determine an
optimal investment-timing decision. (Paddock, Siegel, Smith, 1988). The last two
advantages exist also for other types of investments. More generally, an options
approach to capital budgeting has the potential to conceptualise and even cluantify the
value of options from active management (Trigeorgis, 1993a). This value is
manifested as a collection of real options (call or put ones) embedded in capital
investment opportunities, having as an underlying asset the gross project value of
expected operating cash flows. Many of these options occur naturally, while others
may be planned and built-in at some extra cost. Options pricing can be used in
Research and Development projects that are essentially a series of sequential
investments, generating information at each stage which can be used to determine
whether to proceed or not. Option perspective is also useful because managers could
take action to help boost a project’s NPV if it falls behind forecast, in a similar way to
investors selling financial assets to increase their performance (Peskett, 1999).

The presence of competitive interaction in shared options may justify earlier
investments. For example early pre-emptive investment may at times be the only
available response to prevent such undesirable value losses (Kester, 1984).

The adoption of option pricing leads eventually to an increase in investments,
since it may be justified to accept projects with negative NPV (Trigeorgis, 1988).
Also, option pricing makes the volatility of prices become an important determinant
of investment, both in terms of type of investment (e.g. rigid versus flexible
technologies) and in terms of the quantity of investment (Kulatilaka, 1993). Volatility
becomes important because the value of managerial flexibility is higher in more
uncertain environments and may be higher during periods of high real interest rates
and for investment opportunities of longer duration (Trigeorgis, 1988).

In addition, critical input price boundaries have more meaning at the micro-
level than input price elasticity. Besides it may be optimal for a firm to utilise a short-
run inefficient technology, creating a hysteresis (Kulatilaka, 1993). Finally, option

pricing gives investment decisions a long-run strategic view. (Kulatilaka, 1993,

Trigeorgis, 1996a).
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2.3 Types of Real Option

Although there are various classification approaches, we distinguish seven
main types of options: the option to defer or initiate investment, the "time to build"
option, the option to abandon, the option to default, the option to expand, the option to
contract, the option to switch use and growth options.

When there is high uncertainty, potential benefits to wait and see if output
prices justify the implementation of a project are high, so the option to defer or initiate
investment is valuable. Thus, the management has the option to invest only if output
prices increase sufficiently, or to defer the investment if prices decline. This is the
case, for example, when legislative changes are to take place. The option to defer or
initiate investments is also evident in real estate development, farming, resource
extraction industries and paper products.

In many projects, the required investment is incurred at numerous stages. The
staging of capital investment as a series of cash outlays over time creates valuable
options to default at any given stage, if conditions prove worse than initially expected,
called timed-to-build options. These options are particularly valuable in venture-
capital finance, pharmaceuticals, computer, electronics and capital-intensive
industries, including power station development, aircraft construction, mining or other
large-scale construction projects.

If output prices prove to be lower than expected, due to a sustainable decline
or due to other reasons, the management has the option to abandon the project
permanently in exchange for the resale value of its capital equipment and other assets
in second-hand markets. Similarly, the equity-holders have the option to default on
debt payments, in exchange for the liquidation value of the firm minus the value of
debt payments. The option to abandon is valuable in capital-intensive industries such
as railways and airlines and in financial services. In addition, the option to abandon is
evident whenever an asset is not for specific use (so it is easy to resell).

The option to default is useful to evaluate companies that are financially
distressed.

Once a project is undertaken, the managers may have the flexibility to alter it
in various ways at different times during its life. The option to expand and the option

to contract are two basic forms of the option to alter the operating scale of a project.
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The option to expand arises whenever the management finds it desirable to make
additional follow-on investment if it turns out that its product is more successfully
received in the market than originally expected. Conversely, if the product is not as
well received in the market as initially expected, the management may find desirable
to forgo planned future expenditures by reducing the scale of operations (i.e. it has the
option to contract) or by shutting down the project temporarily (i.e. it has the option to
shut down and restart). Although the option to expand capacity may be planned and
built in some extra cost from the outset, both the option to contract and the option to
shut down and restart operations occur naturally. Detailed discussion is provided by
Trigeorgis (1995). The option to alter operating scale is particularly valuable in
natural-resource industries, fashion apparel, consumer goods, commercial real estate,
in facilities planning, and construction in cyclical industries (Trigeorgis,1993a,
Trigeorgis, 1995).

The option to switch use exists when a firm has valuable flexibility either to
switch to different product mix (product flexibility), or to switch to other input
materials (process flexibility). This is the case when a project uses machines that have
many alternative uses. That project is more valuable than an otherwise identical
project that uses specialised machines. The option to switch use is particularly
valuable, in the form of product flexibility, in strategic acquisitions, car
manufacturing, electronics, pharmaceuticals and the banking industry. The option is
also evident, in the form of process flexibility, in farming, chemicals and power
stations. The importance of the option to switch the use becomes critical when the
environment is highly volatile and the technology is flexible, thus permitting product
or raw material changes at little cost. These options are also evident among
multinationals. For example a multinational tire company built extra capacity in
several plants worldwide, and schedules extra shifts at the plant currently having the
lower unit cost. Further discussion over the importance of flexibility options is
provided by Kulatilaka (1995) and Smith and Triantis (1995).

Growth or strategic options are opportunities that are made available in the
future by undertaking a project but are not part of the initial project (Willner, 1995).
Growth options exist whenever an early investment is a prerequisite or a link in a
chain of interrelated projects (Trigeorgis, 1993a). Growth options are particularly
evident in industries or markets that provide the potential for successful product

and/or market diversification. They are common in infrastructure-based or strategic
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industries, especially in high-tech ones as well as in industries with multiple product
generations or applications (e.g. computers and pharmaceuticals). Moreover, growth
options are particularly important for multinationals and entrants in new markets,
including joint ventures. Growth options can be acquired via purchase of real assets,
via learning-by-doing, via direct expenditure in research, advertising, training or some
other activity (Myers, 1977). Research and Development investments are considered
as growth options (Myers, 1977, Kester, 1984) and Brealey and Myers (1991).
Valuable growth options may result from patents and technical knowledge,
managerial expertise and market position for specific firms (Pindyck, 1988). Growth
options are also evident in strategic acquisitions. A discussion of the importance of
long-run (strategic) criteria in acquisitions, which includes provides several examples

of growth options is provided by Smith and Triantis (1995)*.

Delaying or accelerating investment projects

The information advantage of sequential development makes the naive
application of the NPV rule inappropriate in many cases, because it implies that the
optimal ordering of sequential projects does not always begin with the highest value
project,

As many researchers argue, the rate at which some investments proceed is
usually flexible and can be adjusted with the arrival of new information. This is the
case in many important industries, including aircraft and mining. The production of a
new line of aircraft requires engineering, prototype production, testing and final
tooling stages that together can take up to ten years to complete. Similarly, the

construction of a new underground mine, or the development of a large petrochemical

* They are classified by distinguishing between projects whose future benefits are realised primarily
through cash flows (simple growth options) and those whose future benefits include opportunities for
further discretionary investments (compound growth options) (Kester, 1984). The latter include R&D
projects, major expansions into new markets and acquisitions. Compound growth options lead to new
investment opportunities while affecting the value of the existing growth options. Two other types of
growth options are distinguished by Kester (1984): proprietary and shared ones. The proprietary
options result from patents or the company’s unique knowledge of a market, while the shared growth
options are collective opportunities of the industry, like the chance to enter a market unprotected by
high barriers. Proprietary growth options provide highly valuable exclusive rights of exercise. Shared
growth options are less valuable “collective” options because competitive moves can erode or even
pre-empt profits. Shared growth options are valuable only for companies that have a sufficiently strong
competitive position (Kester, 1984). Other researchers provide additional classification schemes.
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plant, usually require at least five years, with clear constraints on the pattern of
expenditures (Majd and Pindyck, 1987).

The issue of the optimal investment and the examination of the stages of time
to build options prevailed among the researchers of these options.

Optimum exercise policy by combining maximum construction rates and the
option to delay projects with sequential investment outlays is examined in an early
study (Majd and Pindyck, 1987). The effects of time to build are greatest when
uncertainty is high, when the opportunity cost of delay is greatest, and when the
maximum rate of construction is lowest.

Other researchers defined some stages for time to build options. Paddock,
Siegel and Smith (1988) examine the option to defer leases by breaking up the process
into three stages: the exploration stage, (option to spend the expected exploration
costs and receive the value of expected reserves), the development stage (option to
pay the development costs and install productive capacity) and finally the extraction
stage (option to extract the hydrocarbons).

However, the impact of the existence of the parallel projects for the value of
the sequential opportunities was examined only in a recent study by Childs, Ott and
Triantis (1998). Since investment in one project can provide valuable information for
correlated projects, Childs, Ott and Triantis (1998) concluded that highly correlated
project values favour sequential development. However, as the variance of the project
revenues increases, this effect is partially offset by the benefits of the development in
parallel. The parallel development is superior for projects that have low development
costs, require long periods of development, are likely to generate high cash flows
when implemented, and are highly irreversible. Their results are consistent with
development strategies observed in practice, mentioning the development of the
commercial aircraft at McDonell Douglas.

The time to build option can be viewed as an option on the value of
subsequent stages and can be valued as an option on option.

The value of the option to delay projects, assuming the market value of the
completed investment follows a Wiener process, was examined in an early study
(Majd and Pindyck ,1987). However, whenever an exchange of assets creates the
potential for further exchange, the valuation of sequential opportunities becomes
necessary. The valuation formulas developed by Margrabe (1978) and Geske (1979)

were generalised by Carr (1988) to value American sequential exchange options. The
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possible outcomes of the project interrelations during the staged investments are also
addressed by Trigeorgis (1993a). The binomial tree valuation formulas and closed-
form solutions that assume normally distributed values were developed by Childs, Ott
and Triantis (1998) to examine both the cases of sequential and parallel development
of two projects.

Although in many cases investment decisions are irreversible, the decision to
defer these investments is reversible. This asymmetry, leads to the rule to invest only
if the benefits exceed the costs by a certain positive amount. The proper calculation
involves comparing the value of investing today with the value of investing at all
possible times in the future. Assuming that investment-timing decisions are made by
risk-averse investors who hold well-diversified portfolios, McDonald and Siegel
(1986) derive explicit formulas for the value of the option to invest in an irreversible
project. These formulas also enable the researchers to compute the optimal
investment-timing rule, as well as the value lost by a firm that takes on a project at a
suboptimal time. These findings are integrated in the context of a clean surplus
equation by Pope and Stark (1997).

Nevertheless, valuing real options in special cases (when the underlying asset
trades in a commodity market) may require a deeper understanding of equilibrium in
the market for the underlying asset than valuing options on financial assets. Recent
researchers have attempted to provide a model that incorporates these features.
Paddock, Siegel and Smith (1988) develop the option to defer valuing leases for
offshore oil and they demonstrate how to integrate an explicit model of equilibrium in
the market for the underlying real asset (oil reserves).

Nevertheless, even in cases the project itself has certain cash outflows, the
uncertainty in interest rates gives a project an option-like feature. With uncertain
interest rates an investment should not be undertaken until its projected rate of return
is substantial in excess of its break-even rate (Ingersoll and Ross, 1992).

Early researchers who used the simulation showed that the higher the degree
of irreversibility, the lower the value of the timing options. The value lost by adopting
a project with zero net present value sub-optimally can easily range from 10 to 20 per
cent or more of a project’s value (McDonald and Siegel, 1986).

In another study (Bjersund, Ekern, 1995), simulated models show that the

timing option alone doubles the break-even output price in commodity markets.
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The empirical results are in line with the theory. The comparison of oil price
valuations based upon the discounted cash flow approach and the option valuation
approach with actual industry bids for the period 1974-1980, provides evidence that
supports the option valuation approach (see Paddock, Siegel and Smith ,1988)

In the case of large-scale infrastructure projects, the value of the option to
delay comes out not only from interest rate risk, but also from environmental risk,
regulatory risk and force-majeure risk (catastrophic unanticipated events, such as
earthquakes, which may occur to damage the project (Adam ,1996).

The option to defer or initiate can be valued as an American call option on the
present value of the project’s cash flows.

A binomial tree approach to valuing the option to defer or invest in land is
presented by Titman (1985). If the value of the vacant land exceeds the profit from
building at the specified date, the landowner will choose to have the land remain
vacant, otherwise s/he will construct the building.

On the contrary McDonald and Siegel (1986) assumed that both expected cash
flows and investment payments are lognormally distributed to develop a model to
value the option to defer or invest in a project. They also examine the case of the
expected cash flows following a jump process. The later analysis assumes the
investment to be lumpy, but ignores the possibility the investment may be partially
reversed or scrapped after the project is adopted.

A model that allows us to explore the effect of the decision to wait in light of
the beneficial impact of a potential future interest rate decline was developed by
Ingersoll and Ross (1992). A simplified model to account for the value of interest rate
options inherent in the right to delay a project was developed by Ross (1995)

A two-mode, three-period problem to apply dynamic programming 1is
considered for the valuation of the waiting to invest option which are treated as
special cases of a general flexibility option by Kulatilaka and Marcus (1988).

Unlike previous studies that introduce uncertainty by means of the stochastic
value of a completed project which is either producing or ready for production
(McDonald and Siegel, 1986 and Paddock, Siegel and Smith, 1988), the study made
by Bjersund and Ekern (1995) traces the elementary source of uncertainty down to the

risky spot output price, which is assumed to follow a geometric Brownian motion.
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The option to abandon and the option to default

A first discussion over the value of the option to abandon is provided by
Myers (1977). He notes that the existence of secondary markets for an asset will, in
general, increase the present value of the firm, providing that the appropriate
restrictive covenants can be written. Thus, the option to abandon is valuable.
However, complete formulas to value these options were not developed before the
late 1980’s.

The option to permanently abandon a project for its salvage value, seen as an
American put option is analysed by Myers and Majd (1990). The abandonment option
is thought of as an option on a dividend-paying stock, and the exercise price of the put
is the salvage value of the project while the cash flows from the project are equivalent
to the dividend payments on the stock. The real option perspective is linked with the
clean surplus equation to derive the integrated company profitability measures by
Stark (2000).

The option to default during construction and the recognition of its similarity
to the equity-holders’ option to default on debt payments deriving from limited
liability has been analysed and valued by Trigeorgis (1993a).

The examination and valuation of potential interactions between operating and
financial default flexibilities are also examined by Trigeorgis (1993a).

The examination of the economic rationale behind the value of the option to
default has been a prevailing issue in most of the studies in the area. There are three
main conclusions from the researchers of the option to default.

First, the option to default formula is appropriate whenever a financially
troubled firm has to be valued. (Trigeorgis, 1993a and Damodaran, 1996)

Second, the value of the option stems from the stockholders’ incentive to take
riskier projects than bondholders do and to pay more out in dividends than
bondholders would like them to (Damodaran, 1996).

Third, corporate mergers will induce a drop in the value of the option to
default, so stockholders can reclaim some of the lost wealth by issuing a new debt.
The real option decline is due to the decline of the variance in earnings and cash flows
of the combined firm because the merging firms have earning streams that are not

perfectly correlated. (Damodaran, 1996).
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An analytical framework to show how the conflicting incentives of debt-
holders and equity-holders will affect the outcome of a default option was developed
by Vila and Schary (1995).

The option to abandon is valued as an American put option on current project
value with an exercise price that amounts to the salvage value. Similarly, the option to
default is valued as an American put option on current enterprise value with the
exercise price equal to the difference between liquidation value and debt obligations.

As explicitly explained by Carr (1995), the abandonment option is a mirror
problem to the timing option problem and can be similarly valued with a suitable
interpretation of variables.

The option to abandon a project is first valued by reinterpreting variables in
the option to defer investment. In the model developed by McDonald and Siegel
(1986) the investment cost is the value of the project in place.

The option to permanently abandon a project as an American put option is
analysed by Myers and Majd (1990). Their valuation model has many similarities to
Magrabe’s (1978) but also differs from Margrabe’s model, because the latter assumes
no payouts from the assets.

A dynamic programming approach for the valuation of the abandonment
option is provided by Kulatilaka and Marcus (1988), while a binomial risk-adjusted
approach is provided by Trigeorgis (1993a). Special approaches to value the venture

capitalists’ option to abandon are provided by Trigeorgis (1993a).

Although the valuation of the option to abandon can be interpreted to value an
option to default, a more integrated valuation formula of the bankruptcy options is

developed by Carr (1988) who values these options as sequential exchange

opportunities.

The option to expand and the option to contract

Whereas some researchers assume that there is an option to temporarily shut
down production whenever variable costs exceed operating revenues (McDonald and

Siegel , 1985), for others it is not optimal to shut down. For example, it is not optimal
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to shut a mine unless the value of the shut mine exceeds the value of the operating
mine by the amount of the shutting costs (see Brennan and Schwartz, 1985).

There are three main findings of the research in the area.

First, referring to natural resource projects, it is not optimal to open a mine
until the spot price reaches the point where the value of the mine in operation exceeds
its value shut by just the amount of the opening costs. In addition, it is not optimal to
shut down the mine unless the price drops to the point where the value of the shut
mine exceeds the value of the operating mine by the amount of the shutting costs
(Brennan and Schwartz, 1985b).

Second, the value of the scaling options is high in volatile markets. In
particular, the option to contract and to expand may be valuable in the case of a new
product introduction in uncertain markets, in markets with volatile and unpredictable
demand (Trigeorgis, 1995). The implications of volatility are stressed in the early
studies. Firms should hold less capacity than they would if investments were
reversible or future demands were known. (Pindyck, 1988).

Third, the value of the options to contract or to shut down becomes important
whenever the cost mix can be somehow modified. The option to contract is important
in cases where the management finds it preferable to build a plant with lower initial
construction costs and higher maintenance costs in order to have the flexibility to
contract operations by cutting down on maintenance if the market conditions turn out
unfavourable. The option to temporarily shut down may be important when deciding
among mutually exclusive projects or alternative production technologies having
different proportions of variable costs.

In the case of the option to expand, the original investment opportunity can be
thought of as the initial scale project plus a call option on a future opportunity to
acquire an additional part of the initial project. In opposition, the option to contract is
analogous to a put option on part of the base-scale project, with exercise price equal to
the potential cost savings. Similarly, the option to shut down and restart is analogous
to a put option on the project’s cash revenues, with exercise price equal to the variable
costs of operating.

The option to shut down investments was examined under different
assumptions. Initially it was examined by assuming that risk-neutrality and costs
follow a continuous time stochastic process (McDonald and Siegel (1985), later

integrated by Dixit, Pindyck (1994)), and later under the assumption that demand is

29



Chapter 2 Real Options

lognormally distributed and the assumption that there is an asset (or dynamic portfolio
of assets) whose price is perfectly correlated with demand shifts (Pindyck , 1988°) to
value the option to temporarily shut down investment. These models had to face
simultaneously the problems of assessing the expected future output price and of
assigning a discount rate appropriate to the risk of revenues, bypassed by using a
convenience yield approach (Brennan and Schwartz, 1985a). An economically
corrected version of Decision Tree Analysis is used to value both the option to
expand, the option to contract (Trigeorgis and Mason, 1987 and Trigeorgis, 1993a)
and the option to shut down (Trigeorgis, 1993a) while a dynamic programming
approach is used to value the shutdown option by Kulatilaka and Marcus (1988).

The option to expand and the option to contract frequently are expressed in the
form of switching options. There are two main issues examined in studies that
examine switching options. First, they discuss implications of increasing value of the
option to switch production. Second, they examine the conditions under which the
value of option to switch increases. The main implication is that the value of the
short-lived projects increases proportionally to the value of the option to switch
production. Future price uncertainty creates a valuable switching option that benefits
short-lived projects (Baldwin and Ruback, 1986). Whilst both long-lived and short-
lived assets have a valuable switching option, the option is more valuable for the
short-lived assets because the opportunity to switch occurs sooner. Also, the higher
the variability of future costs of these assets, the higher the value of the options.

The value of option to switch increases from the existence of low competition,
low correlation between input and output prices and flexible company design.

The examination of the exchange option when product flexibility and process
flexibility take place lead to the conclusion that the difference between the true
project NPV (computed by option pricing theory) and the NPV computed by naive
DCF methods is greater the more innovative the project, and the stronger the barriers
to entry (Kensinger, 1987),

The more volatile the relationship between the prices of the input and output

commodities the higher the value of the exchange option (Kensinger, 1987). Even in

* The latter approach (Pindyck, 1988) ignores interalia competition, the lumpiness of investment, adjustment costs,
delivery lags, depreciation and different functional forms for demand and cost that may limit the quantitative

importance of these options.
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acquisitions, the greater the uncertainty surrounding the demand for a firm’s products
and the lower the correlation among these product demands, the more valuable will be
the combined benefits of flexibility and diversification. (Smith and Triantis, 1995)

The more flexible the production systems under consideration for purchase,
the higher the value of exchange option (Kensinger, 1987). Similarly since there are
variables that affect the input supplier but are excluded from bargaining there will be
a potential for beneficial or detrimental flexibility from incomplete contracting
(Kulatilaka and Marks, 1988). Moreover, firms with significant flexibility in
organisation, marketing, manufacturing and financing may reap additional benefits
from strategic acquisitions. An acquisition program that focuses on strategic, rather
than financial diversification will not only decrease the variance of the firm’s future
cash flows but also it may significantly increase firm value by enhancing the value of
the firm’s flexibility options (i.e. the option to switch use)(Smith and Triantis, 1995).
An illustration of the flexibility options for multinational companies is found in
Baldwin (1987)

The options to switch can be viewed as exchange-one-asset-for-another
American options. The financial exchange-one-asset-for-another European option was
introduced by Margrabe (1978). Both the binomial method and Margrabe(1978)
formula are used by Kensinger (1987) to illustrate the usefulness of the exchange
option in the case of a soybean converter. The formula for pricing the exchange
options on the exchange options is introduced by Carr (1988). The binomial tree
approach to value American exchange options is developed by Rubinstein (1991).
However, a later study has shown that pricing an American exchange option can be
simplified to the problem of pricing a standard American call option (Bjerksund and
Stensland, 1993). A lattice-based model to value flexibility options is presented by
Kamrad and Ernst (1995) and using the Bellman equation of dynamic programming

Kulatilaka (1993) formulates the option to switch.

Growth options

Early investment management researchers drew no distinction between the
cost of capital for assets in place versus future investment, these included Miller and

Modigliani (1961) who proved that growth opportunities have value if investors
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expect the rate of return earned on future investments to exceed the firm’s cost of
capital. Real assets are examined as options whose ultimate value depends on the
future discretionary investment by the firm, as described in Myers (1977). He
examines a firm as a collection of tangible (units of productive capacity) and
intangible assets, the second being options to purchase additional tangible assets in
future periods. The sum of these options is, according to Myers, what Miller and
Modigliani (1961) meant by the present value of growth. These options are called
“growth options” and their existence implies, interalia, two things. First, neo-classical
valuation models are mis-specified and second, the measure of the equilibrium
capitalisation rate as a hurdle rate for capital budgeting is inappropriate, as it will be
an overestimate of the correct rate for firms having valuable growth opportunities.

The growth options can be distinguished as proprietary and shared ones. The
shared growth options are less valuable and less attractive than the proprietary ones
because counter investments by competitors can erode or even pre-empt profits
(Kester, 1984).

The implications of the growth options for the capacity choice, utilisation,
firm value and long-run marginal cost are examined by Pindyck (1988). He finds that
in markets with volatile and unpredictable demand, firms should hold less capacity
than they would if investments were reversible or future demand was known. He also
finds that much of the market value of these firms is due to the possibility (as opposed
to the expectation) of increased demands in the future. His findings are consistent
with previous researchers’ conclusions.

The start-up venture option value is examined by Willner (1995).

The use of sensitivity analysis to assess the impact of the growth option on
gross project value is made by Willner (1995) and Trigeorgis (1996b).

The former paper provides numerical examples illustrating how calculated
value varies with changes in the expected cash-flow value, relative to the economic
scale manufacturing facility (ESMF), with the other parameters held constant. Even
when the expected cash-flow value is 33% below the cost of ESMF, there is still a
positive value to the start-up venture, while when at-the-money (i.e., zero-NPV), the
start-up venture is worth approximately 38% the cost of ESMF. The latter study

(Trigeorgis, 1996b) has similar conclusions.
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Providing an extensive discussion of growth options in strategic acquisitions,
Smith and Triantis (1995) conclude that many of the strategic synergies in an
acquisition are not immediately realised but rather should be seen as growth options.

The empirical evidence from US companies indicates that growth options
account from 4% up to 88% of their total equity value (Kester, 1984, Ottoo, 2000).
The value of these options depends on four main factors, namely the length of time
the project can be deferred, the projects’ risk, the level of interest rates, and
exclusiveness. The longer a project can be deferred the more valuable a growth option
will be. Other research (Paddock, Siegel and Smith, 1988) provides some evidence
that option pricing theory is useful to value offshore petroleum leases as growth
options.

Other studies provide empirical evidence that supports the real option theory
in the case of the growth options in a case study base (Panayi and Trigeorgis, 1998,
Benaroch and Kauffman, 1999, and Kellogg, Charnes and Demirer, 1999). In Panayi
and Trigeorgis (1998), the growth options are examined in relation to a
telecommunications company and in relation to an international bank expansion. IT
growth options in the banking industry are examined by Benaroch and Kauffman
(1999) and an Internet company is examined by Kellogg, Charnes and Demirer
(1999). These papers provide insight into the methodological issues.

Growth options can be viewed as options on options. The binomial method to
value the growth options is used by Brealey and Myers (1991). A similar approach
(an economically corrected version of Decision Tree Analysis) for the growth options,
is developed by Trigeorgis and Mason (1987) and Panayi, Trigeorgis(1998).

A jump model for valuing the growth options for start-up ventures is
developed by Willner (1995). His model is useful to value a simplified growth
opportunity or it can be extended to compound growth options. A methodology to
value the growth options in the case of a bank that expands its network is provided by
Panayi and Trigeorgis (1998). A heuristic approach, based on P/E multiples, to
estimate the value of growth options is developed by Kester (1984) while an approach
based on P/BV multiples, is applied by Ottoo (2000).
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Multiple interacting options

The combined value of the options to shut down (and restart) a mine, and to
abandon it for salvage value are examined by Brennan and Schwartz (1985). A log-
transformed version of binomial numerical analysis is used by Trigeorgis (1990) and
Trigeorgis (1993) to evaluate real option interactions. The examination of interactions
among growth options, options to expand, options to abandon for salvage, and options
to defer are examined by Trigeorgis (1990), while the interactions of the option to
defer, the abandonment option, the option to contract, the option to expand and switch
options are examined by Trigeorgis (1993a). Dynamic programming is used to
investigate potential interactions among the wait-to-invest option, the shutdown
option and the option to expand on their optimal exercise schedules (Kulatilaka,
1995). The interacting option to defer payment of the concession fee to the
Government and the option of the Government to take ownership of a construction
project in Australia are examined simultaneously by Rose (1998).

The combined value of the options to shut down (and restart) a mine, and to
abandon it for salvage value is found to induce an hysteresis effect, making it long-
term optimal to remain in the same operating state, though short-term considerations
may seem not to suggest so (Brennan and Schwartz, 1985).

Sensitivity analyses over the interaction of multiple options show that their
separate values may not be additive (Trigeorgis, 1990). Moreover, valuing each
operating option (option to defer, the abandonment option, the option to contract, the
option to expand and switch options) individually and summing these separate option
values can substantially overstate the value of the project (Trigeorgis, 1993a). Also,
Kulatilaka (1995a) who conducts numerical simulations, finds that when two options
are present simultaneously the project value is greater than the cases when each
option is included in isolation and smaller than the sum of the values of these options.
This general failure of value additivity carries through when further options are
included. In the same study, the presence of the option to temporarily shut-down has
the effect of reducing the value of the wait-to-invest option and interprets these
options as substitute for hedging strategies. However, the addition of the expansion
option tends to increase the value of the shutdown option and vice versa. She

describes the shutdown and the expansion option as complements to each other.
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Interacting options in leasing are examined in Trigeorgis (1996b) and the conclusions
are in line with these of Kulatilaka (1995a).

The more detailed classification of the option interactions depending on the
type of options (call or put) that interact is examined in another study (Trigeorgis,
1993a). The study finds that the value of a prior option would be altered if followed
by a subsequent option because it would effectively be written on a higher underlying
asset. The research concludes interalia that the incremental value of an additional
option is in most cases less than its value in isolation. It also provides evidence that
the greater the number of options, the smaller their incremental contribution. The
paper shows that, in some cases, option interactions can be large and negative.

Specifically, the main conclusions of the paper are the following

o if the first option is a put, its value would be lower and

e if a call, higher relative to its value as a separate option.

e The effective underlying asset for the latter option may be lower
depending on prior exercise of an earlier put option than if the prior
option were not exercised. This may lead to a double negative effect if
the prior option is a put.

 However, if the prior option is a call, the interaction can be positive
with the incremental value of both the prior and the latter option being
greater than their separate values.

o If the two options are of an opposite type so that they are optimally
exercisable under opposite circumstances, then the conditional
probability of exercising the latter option given prior exercise of the
former would be smaller than the marginal probability of exercising
the latter option alone. The degree of interaction would then also be
small and the options approximately additive.

e If the two options are of the same type, then the conditional probability
of exercise would be higher, and so would be the magnitude of
interaction (the deviation from option value additivity). If the prior
option is a put, the sign of the interaction will be negative. If, instead,

the prior option is a call, the sign will be positive.
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Table 2.1 illustrates the types of the interacting real options included in the

examined papers.

Table 2.1 Interactions among real options

Types of real Shut-

option down/ Invest | Abandon | Growth | Expand | Defer | Switch ?ther
; ypes
examined Contract

Brennan and
Schwartz + y +
(1985)

Trigeorgis

(1990) v v
Trigeorgis

(1993) v v
Kulatilaka

(1995) v 4
Trigeorgis o
(1996)
Rose
(1998) v v

<. | L] < | <=

A numerical method, based on a log-transformed variation of binomial option
pricing, for valuing complex investments with multiple interacting options is
presented by Trigeorgis (1991) and followed by Trigeorgis (1993a), Trigeorgis
(1993b) and Trigeorgis (1996a). On the contrary, Kulatilaka (1995a) uses dynamic
programming, while the Monte Carlo simulation is used by Rose (1998) to value
interacting real options in a toll road infrastructure project in Australia. The
comparison of several numerical methods in terms of accuracy, consistency, stability

and efficiency can be found also in Trigeorgis (1991).

2.4 Some Fundamental Issues

The link of the value of real options with strategic or financial flexibility
triggered the interest of real option researchers to investigate fundamental factors that
alter or mitigate the value of real options. Recent research increasingly gave attention

to interdependencies among real options and these fundamental factors.
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Competitive interaction and early real option exercise

Early studies (Kester, 1984, Trigeorgis, 1988) indicate that it pays to exercise
real options earlier than necessary when the project NPV is high, the level of risk and
interest rates are low, industry rivalry is intense, and competitors have access to the
same options. Later studies find that deciding when to exercise real options depends
also on the technical uncertainty, input cost uncel‘fainty6 and external uncertainty’. An
early exercise of shared real options frequently includes the bearing of high
infrastructure costs or the appropriation of “rents”™ by owners of needed co-
specialised assets and other aggravations (McGrath, 1997). The early exercise of these
options may lock out late entrants who can also be subject to “time compression”

diseconomies relative to early movers.

The link between uncertainty and investments may also explain optimal

investment decisions.

Optimal entry decisions, hysteresis and irreversibility

Sensitivity analysis shows that firms should hold less capacity in markets with
volatile and unpredictable demand, than they would if investment were reversible or
future demand were known. The policy implication is that ignoring opportunity costs
of investing would lead to overinvestment (Myers, 1977 and Pindyck, 1988).

Early studies show that in many cases projects should be undertaken only
when their present value is at least double their direct cost (see Brennan and
Schwartz, 1985b, McDonald and Siegel, 1986 and Majd and Pindyck, 1987). Another
study that focuses on the marginal investment decision, as a simple solution to the
optimal capacity problem, shows that a firm’s capacity choice is optimal when the
present value of the expected cash flow from a marginal unit of capacity just equals
the summation of purchase and installation cost plus the opportunity cost of

exercising the option to buy the unit (Pindyck, 1988). Dixit (1989) also examines

8 “Technical uncertainty” relates to the likely costs and probabilities of accomplishing technical
success. “Input cost” uncertainty relates to factors exogenous to the firm. Technical uncertainty and
input cost uncertainty are examined in Dixit and Pindyck (1994).

" It is evident when sources of uncertainty are largely “external” to the firm but can be influenced by a
strategic action. (McGrath, 1997)

¥ “Rents”, represent profits that do not immediately induce a competitive response.
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optimal entry and exit conditions. If p is the output price, k is the sunk investment
cost, w is avoidable operating cost per unit of time, and r is the rate of interest, the
company will make the investment if p>w+rk. Since investment is made, the firm
will abandon the project if p<w. Thus the full cost serves as the entry trigger py and
the variable cost as the exit trigger py..

Other economists have tried to define important features that are explained by
the value of the real options. An important economic feature that is linked with the
value of the scaling options is “Hysteresis", defined as the failure of an effect to
reverse when its underlying cause is reversed. Due to hysteresis, foreign firms that
entered the US market when the dollar appreciated did not exit when the dollar fell
back to its original levels (Dixit, 1989). Similarly, in the mid-1980’s, many US
farmers saw prices drop drastically, as did producers of copper, aluminium and other
metal, and they did not disinvest. (Dixit and Pindyck, 1995).

Recent research attributes hysteresis to irreversibility. Irreversible investment
expenditures exist when the firm cannot disinvest, so the expenditures are sunk costs.
This happens because capital is industry-specific or firm-specific so it cannot be used
in a different industry or by a different firm. A steel plant and most marketing and
advertising expenses are sunk costs. Irreversibility can also arise because of
government regulations, institutional arrangements or differences in corporate culture.
For example, capital controls may make it impossible for foreign investors to sell their
assets and reallocate their funds. Similarly, investments in new workers may be partly
irreversible (sunk costs) because of the high costs of hiring, training and firing. The
recognition that capital investment decisions can be irreversible gives the ability to

delay investment added significance’.

8 When irreversible choice among mutually exclusive projects under output price uncertainty is examined, the
choice among projects depends on how the output changes with scale. If the elasticity of output with respect to
capital expenditure is greater than one, it is found not optimal to invest in any but the largest available project. If
the elasticity is less than one but increasing then the optimal choice is an extreme: either the smallest or the largest
available project. Greater uncertainty of the price process makes it optimal to wait for a larger project. (Dixit,
1993). Irreversibility also helps us explain why commodity metal prices are so volatile. Corporate inertia in
building and closing down facilities feeds back into prices. Supposing copper demand rises due to higher DNP
growth, producers (knowing that the price might fall later) typically wait rather than respond immediately with

new production increases. Thus the reaction of producers to price volatility in turn sustains the magnitude of price
volatility (Dixit and Pindyck, 1995).
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Recent findings from the area of environmental investments are also in line
with previous research. Companies under emission restrictions designed to encourage
environmental investments may optimally choose to cut back production instead of
engaging in heavy environmental investments. The reason is that firms consider both
the closing and the timing options available and require very high returns on
environmental investment before exercising the option to invest. (Cortazar, Schwartz
and Salinas, 1998). Similarly, expected profits and the associated opportunity cost of
waiting increases with higher uncertainty for landowners that want to build, due to
irreversibility. (Bar-Ilan and Strange, 1996).

Optimal entry and exit decisions are meaningful when investors have a model

for the distribution of market prices in mind.

Real options and equilibrium prices

Some economists during the 1980’s tried to link the valuation of real options
with a deeper understanding of equilibrium in the market for the related commodities
(assets). Paddock, Siegel and Smith (1988) demonstrate how to integrate an explicit
model of equilibrium in the market for the underlying real asset (petroleum reserves)
with option pricing theory to derive the value of a real option'®. Defining that
Exploration, Development and Extraction are the three stages for the holder of an
offshore petroleum lease, they represent the Exploration stage as the option to spend
the expected exploration costs, E, and to receive the expected value of undeveloped
reserves.

Recent studies try to investigate implications of the real options to

management practices and the way management practices can increase the real option

value.

' They extend the model explored by Geske (1979) and using equilibrium model of McDonald and

Siegel (1984) to value compound options.
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Proactive flexibility

Although early research underlines the importance of protecting or enhancing
the value of the real options (e.g. Kester, 1984), only recent studies give special
attention to proactive flexibility, the flexibility to take action in ways that will
enhance the value of the option. Indeed, management can use its skills to improve an
option’s value before exercising it, effectively making it worth more than the price
paid to acquire or create it by pulling the levers that control its value.

An illustration is the case of a manager in a pharmaceutical company who has
the flexibility to influence a real-option lever by increasing the resources put into
marketing. He might be able to increase the option’s duration (time to expiry) by
selling a product or negotiating a licensing agreement. These actions would, of
course, also affect the value of the options held by other players (Leslie and Michaels,
1997).

To raise options value, the management decreases cash outflows or increases
cash inflow uncertainty. To reduce cash outflows, the management leverages
economies of scale/scope. A company unable to do these things alone can do so in
partnerships. As a thriving lobbying industry suggests, it may behove firms to
maximise the value of their options by influencing key legal boundary conditions
rather than by investing in technology per se''. These pre-investments create a context
in which the technology can flourish, which has the effect of increasing the value of
the underlying technology asset and the value of the option (McGrath, 1998).

The considerable discussion over the strategic implications of applying and

enhancing the value of real options, raised the interest for real options applications.

2.5 Real Option Applications

Real option valuation has been applied in a variety of contexts. Some of these
contexts such as land development, acquisitions and natural resource investments are

in the core of companies’ value, while others help us to evaluate part of the
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companies’ operation in a new, better way. Overall, these applications help us to

identify whether real option theory meets valuation practices.

Natural resource investments

The high volatility of natural resource prices and the long duration of
associated assets eventually results in higher real option values that triggered the
interest of early researchers.

Treating a natural resource extraction project or mine as an option on the
underlying commodity overcomes the deficiencies'? of the other valuation
approaches.

The use of convenience yield', to define the option formulae to shut down or
abandon a mine is developed by Brennan and Schwartz (1985) and applied by Moel
and Tufano (1999). Other researchers examine the analogy between undeveloped oil
reserves and stock call options that justifies use of the option pricing models and
discuss ways of estimating the parameters that are necessary for continuous time
models (Siegel, Smith and Paddock, 1987). The valuation of forestry resources under
stochastic timber prices and tree inventories is examined by Morck, Schwartz and
Stangeland (1989). On the contrary, the assumption of fixed input prices is used to
arrive at option valuation estimates of selected offshore petroleum leases by Paddock,
Siegel and Smith(1988). Actual cases in the petroleum industry, namely, a timing
option in an offshore project, a case of a growth option and an abandonment decision
of a refinery production unit is also examined by Kemna (1993).

There is plenty of empirical evidence or simulation results that show the
importance of real options in the area of natural resources.

Empirical evidence that option values are better than actual discounted cash

flow based bids, in valuing oil leases is provided by Siegel, Smith and Paddock

1 On the other hand, the need frequently emerges to invest in participation in “community
technological organisations” which help shape the standards and specifications for an emerging
technology, as well as in the technology itself (McGrath, 1997).

2 Especially the deficiencies of both the classical discounted cash flow model and scenario or
simulation approach in evaluating natural resource investments are discussed in Brennan and Schwartz
(1985a) They note that especially the scenario approach requires that the appropriate policy for each
scenario be determined in advance and the determination of an appropriate discount rate. DCF and
simulation require also forecasting output prices for many years into the future, a particularly acute
problem for natural resource industries where annual price fluctuations of 25 percent or even 50
percent are not uncommon.
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(1987) and Paddock, Siegel and Smith (1988). In these papers, the option valuation
approach is compared with both the valuations based upon the discounted cash flow
approach and the actual industry bids. Another study (Moel and Tufano, 1999)
provides the evidence that the real options model is useful to describe and predict gold
mines' opening and shutting decisions. The study examined opening and closing
decisions of 285 North American gold mines in the period 1988-1997. Alike real
option theory, the probability of a mine being open increases with gold price and
increasing volatility is positively related to the probability that an open mine will
remain open. Also, as variable cost of operation increase, a mine is less likely to be
open, while as maintenance costs increase mines are more likely to stay open. An
analysis of actual cases in the petroleum industry (Kemna, 1993) also leads to
promising results. The timing option in an offshore project, the case of a growth
option and an abandonment decision of a refinery production unit are examined for
different volatility and pay-out rate assumptions. For a base case of 20 per cent
commodity price volatility and 5 per cent Pay-Out Rate, net investment opportunity
value, based on the timing option, amounts to about eighth per cent of the investment
outlay. The results, based on the compound option value, also indicate that a pioneer
investment can be justified when commodity price volatility is 20 percent or higher.
The reversion effects of the commodity projects for the value of real options in
natural resource investments are examined in a recent study. Laughton and Jacoby
(1995) find that reversion tends to increase the value of any claim to cash flows that
increase with long-term prices and to decrease the value of claims to cash flows that
decrease with prices. Lower uncertainty also tends to depress directly the value of

long-term options of any type.

Land development

Studies in land valuation examine the time to build options. The value of land
as an option on a building is examined in Titman (1985)'*, while analytical solutions
for the value of the option to wait to invest as it applies to land development are

presented in another study (Quigg, 1995). The latter study constructs the rules that

* The convenience yield comes out from futures and spot prices of a commodity.
' He presents a pricing model illustrated by an example in which the developer has a choice between
different-sized structures and examines some comparative statistics.
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determine the optimal exercise strategies and shows that the time to build option adds
value to the land over and above the value of expected rents based on what is known
at the decision date. This option value provides a rationale for the existence of a
vacant land. The examination of the empirical predictions of a real option-pricing
model that accounts for the option to wait to invest is made by Quigg (1993). The
study uses data on 2700 land transactions in the US, distinguishes land values by year
and type (Business, Commercial, Industrial, Low density residential and High Density
residential) and evaluates the theoretical land values given by the option-based model
relative to the intrinsic values and to market prices. The paper finds that the option
premiums range from 1% to 30%, with a mean of 6% and in support of the theory,
these premiums are consistently positive. The research also performs several
regressions to ascertain the comparative fit and explanatory power of the option-

pricing model. The results support the use of option pricing theory for valuation

purposes.

Flexible production

Research in the area of manufacturing confirms that flexible projects may
allow for the downside protection against unfavourable events whilst introducing
growth opportunities on the upside. A simple model of flexibility, based on dynamic
programming that can be used to obtain the option value to switch between different
modes of operation is presented by Kulatilaka (1993). She applies her model to
evaluate the incremental cost saving of a dual-fuel boiler over the better of two single-
fuel boilers. She finds that the value of flexibility exceeds the incremental investment
cost of purchasing a dual-fuel boiler. On the contrary, a lattice-based contingent
claims valuation model to value manufacturing firms, projects and agreements where
input prices and output yields fluctuate randomly over time is developed by Kamrad
and Ernst (1995).

The option value of R&D investments in optical tape recording is estimated by
Pennings and Lint (1997). They use information over discussion on standardisation,
strategic alliances, patent positions and technological breakthrough to compute
growth option values. The expansion value of a Telecom through the growth option

modelling is estimated by Panayi and Trigeorgis (1998). The case of a bank’s entry
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into the POS debit market and the estimation of the optimal deferral time is examined
by Benaroch and Kauffman (1999). The real option valuation of an internet company

is examined by Schwartz and Moon (2000)"°,

Strategic Management

An early study (Roberts and Weitzman, 1981) shows that in sequential
decision-making, it may be useful to undertake investments with negative NPV when
early investment can provide information about future project benefits, especially
when uncertainty is high. In the opposition, when a firm has market power and faces
irreversible decisions, optimal sequential decisions may require a positive premium
over NPV to compensate for the loss in value of future opportunities that results from
undertaking an investment (Baldwin, 1982).

The options to choose capacity under the product price uncertainty when
investments are irreversible are examined by Pindyck (1988) and Dixit (1989). It may
not be optimal to reverse an investment decision when sunk or switching costs are
present even when prices appear attractive in the short-term (Dixit, 1989). The
examination of multinational firms under volatile exchange rates is done by Bell
(1995) who combines Dixit’s (1989) and Pindyck’s (1988) methodology.

The value of the bargaining flexibility in the firm’s negotiations with input
suppliers is quantified by Kulatilaka and Marks (1988).

The more current studies give special attention to the flexibility to take action
in ways that will enhance the value of the option (Kulatilaka and Marks, 1988, Leslie
and Michaels, 1997 and McGrath, 1997), or to factors that may decrease the
company's flexibility (Trigeorgis, 1996a). The value of the bargaining flexibility in
the firm’s negotiations with input suppliers is quantified by Kulatilaka and Marks

(1988), strategies that increase the value of the firm-specific real options are

% In manufacturing, frequently the “perfect competition” assumption is violated in practice, leading to
asset markets that are monopolistic or oligopolistic. In valuation terms, this is better addressed by
allowing downward sloping demand curves for the underlying assets. These factors are incorporated in
the option valuation model presented by Triantis and Hodder (1990). Their model also allows for

possibly increasing marginal production costs and includes a capacity constraint and multiple products

on the production system.
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examined by Leslie and Michaels (1997), and methods to increase the value of
collective real options are discussed by McGrath (1997), as well as Leslie and
Michaels (1997). The effect of the early strategic investments and competitors’
reaction in company’s position and flexibility is discussed by Trigeorgis (1996a).

The usefulness of the real options in strategic acquisitions is discussed by
Smith and Triantis (1995) who conclude that the long-term acquisition programs can
significantly change an acquirer’s competitive position through the development of
the growth options. The researchers give the examples of the growth options in
strategic acquisitions in the computer, airline and publishing industry and they
examine possible interactions between the purchasing and the acquired company’s

growth options. The option pricing models to value start-up ventures are presented by
Trigeorgis (1993a) and Willner (1995)'°.

Other applications

Also McConnell and Schallheim (1983) examined real options in leasing
contracts, but unlike Copeland and Weston (1982) they analyse lease as a call option.
They use Geske (1979) method for valuing the compound options. A unified
framework for pricing a wide variety of leasing contracts is developed by Grenadier
(1995) who examines the forward leasing case and he addresses options to renew or
cancel the lease.

The use of the options pricing theory to value shipping contracts is examined
by Bjerksund and Ekern (1995). Interacting real options in a toll road infrastructure
project in Australia by Rose (1998). They found that the option to defer accounts for
more than half of the market value of the examined company.

Another study finds similarities between the real options literature and share
buyback announcements (Ikenberry and Vermaelen, 1996), recognising that managers
have the option to wait for more information to arrive before actually deciding to
repurchase shares. The study provides evidence from NYSE firms consistent with

viewing repurchase programs as exchange options.

' The conceptual approaches to value Real Options are provided by Dixit and Pindyck (1994),
Trigeorgis (1995), Damodaran (1996) and Copeland and Antikarov (2001). A conceptual approach to
value Growth opportunities is also provided by Ottoo (2000). The real option valuation issues are
discussed by Brealey and Myers (1991) and Damodaran (2001).
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Real options are evidenced among exporting companies. The location, timing,
technology and growth option for multinational corporations are described by
Baldwin (1986). The effects of volatile exchange rates on the entry, exit and capacity
decisions of an exporting monopolist, in a real options perspective is examined by
Bell (1995)"". He finds that the effects of the volatility generally depend on whether
the project is fixed- or variable-scale. For the fixed-scale projects, the volatility raises
the minimum exchange rate that supports entry into the foreign market whilst lowers
the exchange rate that triggers exit. He concludes that the hysteresis is more
significant under the expectations of the volatile exchange rates than under the
expectations of certainty. For the variable-scale projects, the volatility also raises the

minimum scale of entry but it also raises the minimum exchange rate supporting

entry.
Company valuation

More recent researchers give an insight look on applying Option Pricing
Models for equity valuation purposes. Their suggestions also facilitate the use of the
“real options” in firm valuation.

Fifteen selected American companies in five industries, namely in the
electronics, the computers and peripherals, the chemicals, the tires and rubber as well
as the food processing sector are examined by Kester (1984). He develops a
methodology to estimate the aggregate value of real options of US companies. He
assumes discount rates that vary between 15% up to 25% to capitalise the value of the
firms’ anticipated earnings. The difference between the market value of the equity and
the estimated capitalised value is the real options value. He estimates that the value of
the growth options of the examined companies is, in most cases, more than half their
market equity value. Moreover, he finds that growth options account for 60-80% for
firms in more volatile industries (electronics and computers). Similar findings are
provided by Ottoo (2000), who examined US companies in the Internet,
Biotechnology, Computers, Pharmaceutical, Automotive and Rubber & Tire sector.

Another study (Pindyck, 1988) shows that the Growth options represent more than

' He extends the model of optimal capacity choice developed by Pindyck (1988) to incorporate exit

options and an analysis of hysteresis when the source of uncertainty is exchange rates, rather than the
product price
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half of the firm value if demand volatility exceeds 20%. Moreover, his model
indicates that for many firms, the fraction of market value attributable to the value of
capital in place should be one-half or less. Furthermore, this fraction should be
smaller the greater is the volatility of market demand. Other researchers show how the
option-pricing model can be useful in understanding and analysing troubled firms,
natural resource firms and high-technology stocks (Damodaran, 1996). Also, there is
some evidence that the real option valuation fits relatively well with market valuation
practices in Pharmaceuticals, when projects are in early phase of development
(Kellogg, Charnes and Demirer, 1999).

There are also two studies (Howell and Jagle, 1997 and Busby and Pitts, 1997)
that provide some evidence that in many cases managers in UK companies use
procedures to value real options, although their models in many cases differ from real

option models.

2.6 Conclusions

We examined the way real option valuation has been applied in a variety of
contexts. Some of these contexts such as land development, acquisitions and natural
resource investments are in the core of companies’ value, while others help us to
evaluate part of the companies’ operation in a new, better way. Given that project
valuation is closely related with the equity valuation, we will try to investigate
whether the real options methodology can be applied for company valuation purposes.
Our investigation is facilitated by recent research. Numerous researchers suggest
specific ways to recognise most types of the real options for valuation purposes and to
estimate the formulated variance. They also provide the empirical methods to estimate
the value of the corporate growth options. Moreover, the recent papers show how the
option-pricing model can be useful in understanding and analysing troubled firms,
natural resource firms and high-technology stocks and suggest pricing formulas to
include nontradability and nonobservability.

However, as Myers (1977) recognises, although the real options are superior

to naive DCF approach, in many cases it is difficult to identify and quantify these
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options. In our research, we will examine four types of real options that are relatively
easy to quantify, so as to investigate the use of real options for valuation purposes. In
particular we will examine the option to abandon for salvage value, the growth option,

the option to default during construction and the option to alter operating scale.
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CHAPTER THREE
REAL OPTIONS IN CAPITAL BUDGETING

This chapter examines how the real options might be incorporated in capital
budgeting, based on a number of in-depth case studies of real option applications in
practice. Although seven major types of real option are discussed in the literature, as
shown in Chapter 2, only four of these are commonly found among the firms sampled
for the thesis. Therefore, the following examination of real option applications
concerns an expansion option (or simple growth option), a growth option (or
compounded growth option), an abandonment option and an option to default. To
simplify the examples, we assume in each case that the value of the project follows a

multiplicative binomial process' over discrete period(s).
3.1 The Option to Expand

Let us suppose that Hellenic Petroleum S.A., a Greek petroleum refinery, has
already developed two petroleum refinery units that operate profitably. Hellenic
Petroleum’s managers are considering the case of developing one more petroleum
refinery unit. Political uncertainty, about the outcome of the forthcoming elections
that will take place in 1 month, leads to increasing domestic demand uncertainty.

Let us assume that the management has concluded that there are two possible
outcomes:

S*=u*S with probability p

or

S'=d*S with probability 1-p

where

! The binomial process is used here as it can be linked with DCF calculation in a way that is
straightforward. Although continuous-time modelling expresses the value of real options in a more
complete way (because the number of possible outcomes is not small in most real-life projects and the
value of the project is usually continuous), it is not suitable for illustrative purposes. Nevertheless,
Chapter Four provides a methodology to link discrete-time models with continuous-time formulas.
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S* is the value of the project in the case where political party A wins the
elections (optimistic scenario)

§” is the value of the project in the case where political party B wins the
elections (pessimistic scenario).

u represents upside movement

d represents downside movement

Expressed in mathematical terms, if the current project value is S, the value of
the project at the end of the period will be either u*S or d*S, as represented in Figure
3.1 below:

Figure 3.1 : Possible outcomes assuming passive
management practices

(p) S*=u*S
S
}’ §=d*S
Now Year 1

More specifically, if party A wins the elections, the new government will
lower import tax on cars, consequently leading to higher gasoline demand prospects.
On the contrary, if party B wins the elections, the new government will raise import
tax on cars, leading in this case to lower gasoline demand prospects.

Now consider the following estimates. The probability p that party A will win
the elections is 70% while the probability (I-p) that party B will win the elections is
30%. If party A wins the election, the present value of a new petroleum refinery unit

will amount to Euro 120m. However, if party B wins the election the value of a new
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petroleum refinery unit will be equal to a deficit of Euro -30m. Finally, the discount
rate is assumed to be 10%.

The management has the flexibility to delay the investment decision for a
month, so as to invest only if the election outcome is favourable. However, assuming
that the company's management does not take advantage of the flexibility to delay its
investment decision but decides to invest immediately to develop the new petroleum

refinery unit, then the possible payoffs may be expressed as follows:

Figure 3.2: The value of the investment, assuming
passive management practices

(Outcome if political

(0.7) 132 party A wins the elections
=120 * 1.10)
75
\ (Ou'tcom'e ;:f pgh’tica[
(0.3) -33 party B wins the elections
=-30 *1.10)
Now Year 1

Using a static NPV approach, the value of the investment will be

Static NPV = p*S*+(1-p)*§’
= 70%*(132/1.1)+30%*(-33/1.1)

= 70%(120)+30%(-30)=84-9 = Euro 75m

Although this naive interpretation of the Net Present Value rule assumes that

the management cannot respond to new information in future periods, in practice the
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management of Hellenic Petroleum S.A. has the option (the right, not the obligation)
to proceed to the additional investment, if conditions are favourable. Rational
management practice implies that, if the outcome of the elections is favourable, then
the management will proceed with the investment, otherwise it will not exercise its
option and it will let it expire.

In other words, rational option exercise policy implies that the project has two

possible values

S* = max [u*S, 0] with probability p
or

S = max [d*S, 0] with probability 1-p

The payoffs may now be expressed as follows:

Figure 3.3: Possible outcomes based on real option theory

®) St =max [u*S, 0]
S
\ S-zmax [d*S, 0]
(I-p)
Now Year 1

In the case of Hellenic Petroleum, the following figure (Figure 3.4) shows the possible

outcomes under real option theory :
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Figure 3.4: The value of the investment under real option theory

(Outcome if political
party A wins the elections
= max (u*S,0)

=max (132,0))

\ 0 (Outcome l:fpoliﬁcal

(0.3) party B wins the elections
= max (d*S,0)
= max (-33,0))

(0.7) 132

75

Now Year 1

In this case, the value of the investment will be

S = Static NPV + Value of Option to expand =
=p*S"+(1-p)* S =p*(max[u * S,0]) + (1 - p)* (max[d * S,0]) =
=70%(120) + 30%(0) = 84 - 0 = Euro 84 mn

Thus, the management’s flexibility to proceed or not with the investment has added
considerable value to the company’s investment opportunity and the value of the

project’s option to expand can be expressed as

Value of Option to expand
= (Static NPV +Value of Option to expand)-(Static NPV)
= Euro 84m -Euro 75m = Euro 9m

The value of the option to expand is also illustrated in Figure 3.5.
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Figure 3.5: The value of the option to expand

(Option value if political

(0.7) O party A wins the elections)

9
\ (Option value if pelitical
(0.3) 33 party B wins the elections)
Now Year 1

In mathematical terms, the outcomes in Year 1, expressed in Figure 3.5, can be

expressed as

V" =max[u*S,0] —u*S =max(132,0)-132=132-132=0
¥~ =max[d*S,0]-d* S =max(-33,0)-(-33)=0-(-33)=33

3.2 The Growth Option

To illustrate how to apply real option theory in the case of a growth option,
consider an example of a hypothetical, but representative, capital investment.
Managers at Chipima S.A., a Greek bagel producing company, are proposing a phased
expansion of their manufacturing facilities. They plan to develop a new bagel
production unit, the third one, to produce a type of bagel that will serve the German
market. The product serves a niche market and it is highly differentiated (wrapping,
taste, and size) from other products in the bagel sector.

Expressed in mathematical terms, if the current project value is S, the value of
the project at the end of the first period (Phase 1) will be either #*S or d*S, and at the
end of the second period (Phase 2) will be either u”*S, u*d*S or d’*S, as represented

in Figure 3.6 below
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Figure 3.6 : Two phase investment:
Possible outcomes assuming passive management practices

2
®) TS
(P) St u*S <:
S / (2%p*(1-p)) S*= S =urd*S

T~ L
(1-p) g

(I-p)* S

Now Period 1 Period 2

Now we can consider a growth option, with two periods (Phase 1 and Phase 2)
before its expiration date. In keeping with the binomial process the project can take on

three possible values after two periods, as follows:

Figure 3.7: Project value under real option theory

2

@ )/v S*™= max[u**S,0]

®) S*= max[u*S,0]

S / \ o
S (2%p*(L-p)) §*= 8™ =max{u*d*s,0]

1y S=maldSo] /

(I-p)z\‘ S™= max[d**S,0]
Now Period 1 Period 2
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In our example the expansion of Chipima consists of two phases. As shown,
the growth option can take on three possible values after two periods, namely ¥++,
¥ or ¥

where

" is the value of the option if the value of the project follows the
optimistic scenario

Y™ = ¥ is the value of the option if the value of the project follows the
normal scenario

¥ is the value of the option if the value of the project follows the

pessimistic scenario

At the end of the first period, there will be one period left (Phase 2) and the
option can take on two possible values. Following Cox, Ross and Rubinstein (1979),

it can be shown that the possible values of the option at the end of Phase 1 will be

respectively
¥ o [B¥ T e {l-p)e™ ]
v - I+r
or
w - = [p¥ TH(1-p)¥ "7 ]
I1+r
where

r is the risk-adjusted discount rate.

From this, Cox, Ross and Rubinstein give the present value of the option as

W o= e ¥ rd-ptY ]
(1+r)?

— [p>max(0, w®S-1]+2p(1 - pymax(0, d*u*S-I] +(1-p)> max[0, d*S-1Ij
(1+n?

where

I is the value of investment
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Next, let us assume that the company will spend Euro 1,000m to develop the
product and to promote it (Euro 200m in Research and Development expenses and
Euro 800m in Advertisement and other promotional expenses in the German market).
If demand proves satisfactory, Chipima will develop the planned bagel unit (Phase 2),
otherwise the company will cover the demand from existing production lines. There
are two scenarios, one optimistic where demand is strong and the other pessimistic
where demand is weak. Without the second phase, under the optimistic scenario a
revenue stream of Euro 500m is projected to start in Year 1 and to grow at 10% p.a.

The present value of the project is Euro -240m (see Table 3.1), as shown below.

Table 3.1: Phase 1 - product development
Year o] 1] 2] 3 | 4 | 5
Operating projections
Revenues 500 550 605 666 732
-Cost of goods sold 250 275 303 333 366
=Gross Profit 250 275 303 333 366
-R&D expenses 200 20 23 26 30 35
-Advert.&Prom.expenses 800 70 i 85 93 102
-Admin & other expenses 30 33 36 40 44
=Operating Profit -1000 130 142 1565 169 185
Free Cash Flow calculation
EBIT(1-applied tax rate) -700 91 99 109 118 129
+Depreciation 4 4 4 5 5
-Fixed capital investments 50 51 52 53 54
-Increase in Net Working Capital 75 8 8 9 10
=Free Cash Flow -700 -30 45 53 61 70
Asset Terminal Value calculation
Assets' Terminal value 70
Terminal value/(risk premium - growth factor) 700
Discounted Cash Flow calculation

discount factor 2(risk free int'rate+ risk premium) 1 087 | 0.76 0.658 | 0.572 0.497
=Present Value of projected cash flows -700 -26 34 35 35 383

Total Present Value of projected cash flows -240

Under the pessimistic scenario, the revenue stream starts at Euro 200m, and

the corresponding present value is Euro -690m (see Table 3.2).
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Table 3.2: Phase 1 when demand is weak

Year | o] 1] 2] 3] 4] 5
Operating projections
Revenues 200 220 242 266 293
-Cost of goods sold 100 110 121 133 146
=Gross Profit 100 110 121 133 146
-R&D expenses 200 20 23 26 30 35
-Advert.& Prom.expenses 800 25 28 30 33 37
-Admin & other expenses 28 31 34 37 41
=Operating Profit -1000 27 29 30 32 34
Free Cash Flow calculation
EBIT(1-applied tax rate) =700 19 20 21 22 24
+Depreciation 4 4 6 7 i
-Fixed capital investments 20 20 21 21 22
-Increase in Net Working Capital 30 3 3 4
=Free Cash Flow -700 -27 1 4 4 6
Asset Terminal Value calculation
Assets' Terminal value 5
Terminal value/(risk premium - growth factor) 52
Discounted Cash Flow calculation
discount factor 2(risk free int.rate+ risk premium) 1 0.87 | 0.76 0.658 | 0.572 0.497
=Present Value of projected cash flows -700 -24 1 2 3 28
Total Present Value of projected cash flows -690

During the first phase, the path the project may follow and the corresponding

probabilities are set out in Figure 3.8.

Figure 3.8: Possible outcomes of Phase 1 (development of a product)

(0.5)
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\
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The market research on the German market indicates that if Phase 1 is
successful, the expected product sales in the German market will reach Euro 5,000m

by year 3. Allowing also for growth at 10%, the NPV of Phase 2 can be estimated at
12,620m (see Table 3.3).

Table 3.3: Phase 2- the option to produce and promote a product

Year | ol 1] a] 3] 4] 5
Operating projections
Revenues 5,000 | 5,500 6,050
-Cost of goods sold 2,500 | 2,750 3,025
=Gross Profit 2,600 | 2,750 3,025
-R&D expenses 0 0 0
-Advert. &Prom. Expenses 0 0 0
-Admin'& other expenses 0 0 0
=Operating Profit 2,500 | 2,750 3,025
Free Cash Flow calculation
EBIT(1-applied tax rate) 1,750 | 1,925 2,118
+Depreciation 505 530 557
-Fixed capital investments 5,000 100 102
-Increase in Net Working Capital 750 75 83
=Free Cash Flow -3,495 | 2,280 2,490
Asset Terminal Value calculation
Assets' Terminal value 2,490
Terminal value/(risk premium - growth factor) 24,900
Discounted Cash Flow calculation

Discount factor 2 (risk free int. rate+ risk premium) 1 0.87 | 0.76 0.658 | 0.572 0.497
=Present Value of projected cash flows 0 0 0| -2,298 | 1,300 | 13,618
Total Present Value of projected cash flows 12,620

Illustrating all possible scenarios, the Phase 2 investment can take on two
possible values after one period and three possible values after two periods. That is,
with 50% probabilities of upside and downside movements, the present values of the
project at the end of Period 1 are either 12,620 or -1,179, and they are either 20,240,
5,000 or -7,358 at the end of Period 2, under the scenarios described in the tables

above. The present value of these possible outcomes is 5,200, as shown below in

Figure 3.9.
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Figure 3.9: Possible outcomes of Phase 2 investment (production and
promotion of a product) assuming passive management practices
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The summation of the value of both Phase 1 and Phase 2 investments that

were separately illustrated in Figure 3.8 and Figure 3.9 is as follows:

Figure 3.10: Possible outcomes of Phase 1 & Phase 2 assuming
passive management practices

ey 12,380
4,735
\
(0.50 -1,869
Now Period 1
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Note that, if the company develops the unit even though demand is weak, it

will suffer additional losses, leading to a value at the end of Period 1 of -1,869. This is

expressed in a more detailed way in Table 3.4, below.

Table 3.4: DCF calculation under passive management
(no real options)

Year | o] 1] 2] 3] 4] 5
Operating projections
Revenues 200 220 242 266 293
-Cost of goods sold 100 110 169 186 205
=Gross Profit 100 110 73 80 88
-R&D expenses 200 20 23 26 30 35
-Advert.&Prom.expenses 800 70 T 85 93 102
-Admin & other expenses 30 33 36 40 44
=Operating Profit -1000 -20 -23 <75 -84 -94
Free Cash Flow calculation
EBIT(1-applied tax rate) -700 -14 -16 -52 -59 -65
+Depreciation 4 4 510 535 562
-Fixed capital investments 50 51 5,052 153 156
-Increase in Net Working Capital 75 3 3 4 4
=Free Cash Flow -700 | -135 -66 | -4,598 320 336
Asset Terminal Value calculation
Assets' Terminal value 336
Terminal value/(risk premium - growth factor) 3,363
Discounted Cash Flow calculation

discount factor 2(risk free int'rate+ risk premium) 1 0.87 | 0.76 0.658 | 0.572 0.487
=Present Value of projected cash flows =700 | -117 -50 | -3,023 183 1,839

Total Present Value of projected cash flows -1,869

To summarise, the outcome of Phase 1 gives us the information that is needed

to estimate the outcome of Phase 2 with certainty. To express this in mathematical

terms, where the probability p of successful introduction of Phase 1 on the German

market is 50% whilst the probability (I-p) of unsuccessful introduction is 50%, then

the certainty equivalent value of the investment will be

Static NPV

=p [NPV (successful phase 1) +NPV (successful phase 2)]

+(1-p) [NPV (unsuccessful phase 1) +NPV (unsuccessful phase 2)]
= 50%(-240+12,620) + 50%(-690-1,179)

= 50%(12,380) + 50%(-1,869)
= Euro 4,735m
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The above shows that the combined implementation of Phase 1 and Phase 2
investments is profitable (Euro 4,735m), given the assumption that the management
will proceed to these investments irrespective of the information revealed after the
implementation of Phase 1 investment. This contrasts with the initial naive NPV
analysis, which implied that Phase 1 should be rejected because the Net Present Value
was negative (Euro -240m). However, as shown below, the real option approach will

lead to a third solution.

Rational investment policy implies that the market information revealed
during Period 1 gives Chipima’s management the flexibility to proceed (or not) to
Phase 2 investment under the light of information that becomes available during
Period 1. If conditions in Period 1 are favourable, the management will exercise the
right to develop an additional bagel chip production line, to increase” company value
by Euro 12,384m because Phase 2 investment will add Euro 12,620m value. On the
contrary, if demand proves to be weak (the pessimistic scenario), and in the light of
information revealed after the implementation of Phase 1 investment, the company
will not develop the new production line in Phase 2. It will lose Euro 690m, as shown
in Table 3.2, instead of losing the Euro 1,869m shown in Table 3.4.

The contribution of Phase 1 and Phase 2 investment to company value under

these two scenarios is illustrated in the following Figure:

Figure 3.11 : Investment value from Phase 1 to Phase 2

~ Phase 1 |  ~aPhase2 | ~g Total project's NPV|

successful : NPv=-240 r“’ s w;” |
not successful : NPV= ~BQDF +|NPV=-69€I F

As a result, the project path will lead to the following two outcomes:

2 We use the methodology applied by Mills (1994), Damodaran (1996), Damodaran (2001) and
Copeland and Antikarov (2001) to obtain NPV.
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Figure 3.12: Investment value under real option theory
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Expressed in mathematical terms, the value of the investment will be

Expanded NPV = Static NPV + Growth option value
= p (NPV(successful phase 1) + NPV(successful phase 2))
+ (I-p) (NPV(unsuccessful phase 1))
= 50%(-240+12,620) + 50%(-690) = 50%(12,380)+50%(-690)
= Euro 5,845m

Therefore, the management’s flexibility to proceed or not to Phase 2
investment (i.e., its growth option) has added considerable value to the company. By

deduction, the value of the project’s growth option will be
Growth option value =Expanded NPV- Static NPV

= Euro 5,845m — Euro 4,735m
= Euro 1,110m
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3.3 The Option to Abandon

During the life of a project, management may find it desirable to abandon a
project temporarily whenever operating costs exceed operating revenues. Moreover,
the management may abandon a project permanently for its salvage value to direct
proceeds to more profitable activities, or to mitigate losses.

The option to abandon a project is valued as an American put option on
current project value. The exercise price of the option to abandon is the project's
salvage value.

To illustrate, let's assume Chipima has not only profitable bagel chips
production lines, as described above, but also a unit producing bread rolls for
hamburgers. Since the bread production unit is not profitable, Chipima examines the
possibility of selling it. In other words, Chipima has a certain option: to retain the
bread production unit in operation or to abandon the unit for its salvage value.

Luckily, the bread production unit could be useful to Goomy Catering S.A., a
subsidiary of a fast-food chain that plans to develop a similar production line to
support its customers, including its 50 privately owned fast-food restaurants. The
bread production line is built on a piece of land that is in a commercial area, and the
proceeds from the sale of the unit are expected to be Euro 6,000m. Moreover, if the
sale takes place, Chipima is expected to have Euro 2,000m extraordinary gains.

Before examining the value of the option to abandon, the value of the project
may be calculated according using the decision tree approach. The market value of a
profitably operating unit is 8,000, but Chipima has only a 20% probability of
achieving this optimistic outcome, whilst there is 80% probability of the pessimistic
scenario of unprofitable operations valued at -4,000. Naive interpretation of the NPV
rule (i.e. assumption of passive management practices) implies that the value of the

project is Euro -1,600m, as shown below in Figure 3.13.
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Figure 3.13 : The unprofitable production line: Possible outcome
assuming passive management practices

(0.2) 8,000
-1,600

0.8) -4,000
Now Period 1

Next, in order to examine the option to abandon for salvage value, we assume
for simplicity that if Chipima retains the bread production unit the NPV will be Euro
2,000m. As shown below, if Chipima exercises the abandonment option by selling it
to Goomy, there will be a positive effect on Net Working Capital of +4,000m, and the
NPV of the sale is therefore Euro 5,376m, as demonstrated below in Table 3.5.

Table 3.5 : The liquidation value of the production unit.

Free Cash Flow calculation

Non Operating Profit 2,000
Non Operating profit (1- 20% tax rate on non-operating profits) 1,600
Change in Net Working Capital 4,000
=Free Cash Flow 5,600
Discounted Cash Flow calculation
discount factor ( risk free int.rate*months/12) 0.96
=Present Value of projected cash flows 5,376
Total Present Value of projected cash flows 5,376

The management’s flexibility to exercise the option to abandon raises the

value of the production unit, and the projected outcomes will be as follows:
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Figure 3.14 : Possible outcome of Chipima’s bread production line
according to Real Option Theory

(0.2) 8,000
5,901
}’ 5,376
Now Period 1

Therefore, the value of the abandonment option will be

Abandonment option value

= Expanded NPV - Static NPV
= Euro 5,901m - (- Euro 1,600m)
= Euro 7,501m

3.4 The Option to Default

So far we have dealt with real options assuming an all-equity firm. If we allow
for debt financing, then the value of the project to equity-holders can improve by the
additional amount of financial flexibility. In particular, shareholders have the option
to expropriate wealth from bondholders by pursuing riskier projects that increase the
variance in the firm value, leading to an increase in the value of equity.

According to Vila and Schary (1995), from the shareholders’ view, equity is
seen as a call option on the value of the firm’s assets, as equity-holders have the

option to acquire the firm value by paying back the debt. In the example below, the
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option to default is valued as an option on the current value of the firm, with exercise
price equal to the difference between liquidation value and debt obligations.

To illustrate how to apply the option to default, we examine Disdress S.A., a
Greek textile company which has outstanding debt of Euro 1,200m. The asset value of
the company is Euro 875m, which is lower than the face value of its outstanding

debt3, as shown below in Table 3.6.

Table 3.6 : Asset value calculation of a company in distress

Year | = 1] =z 3| 4] 5
Operating projections
Revenues 1,000 | 1,100 1,210 | 1,331 1,461
.-Cost of goods sold 700 770 847 932 1,025
.=Gross Profit 300 330 363 399 439
.-R&D expenses 20 23 26 30 35
.~Advert.&Prom.expenses 70 77 85 93 102
.-Admin.& other expenses 30 33 36 40 44
.=Operating Profit 180 197 216 236 258
Free Cash Flow calculation
EBIT(1-applied tax rate) 126 138 151 165 180
.+Depreciation 4 4 10 10 11
.-Fixed capital investments 50 51 52 53 54
-Increase in Net Working Capital 14 15 17 18 20
.=Free Cash Flow 66 76 92 104 117
Asset Terminal Value calculation
Assets' Terminal value 117
Terminal value/(risk premium - growth factor) 1,170
Discounted Cash Flow calculation

Discount factor 2(risk free int.rate+ risk premium) 1 0.87 | 0.76 0.658 | 0.572 0.497
.=Present Value of projected cash flows 0 58 58 60 59 640
Total Present Value of projected cash flows 875

Given the above, the naive application of the NPV rule implies that the equity value is

negative:

Market Value (Equity)
= Market Value (Assets)- Market Value (Debt)
= Euro 875m - Euro 1,200m = - Euro 325m

3 We assume, for simplicity, the market value equals the face value of outstanding debt

67



Chapter 3 Real Options in Capital Budgeting

Applying the decision tree approach, Figure 3.15 shows the value of equity,

based on naive NPV assumptions, if there is 80% probability of a pessimistic outcome

and 20% probability of an optimistic outcome.

Figure 3.15: Equity value assuming passive management practices

(0.2) 1,293
-325
\
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In practice, however, the liability of shareholders is limited. In the case of
default, the company’s value cannot become negative from the shareholders’ point of

view. Applying real option theory, the possible outcomes are defined as:

Figure 3.16: Possible outcomes under real option theory

®) S*=max [4*S, 0]
S

(I-p)
Now Period 1
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That is, in our example, the company’s value can be expressed as follows.

Figure 3.17: Equity value under real option theory
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Consequently, the value of the option to default can be written in mathematical terms

as

Option to Default

= Expanded NPV - Static NPV
= Euro 235m - (- Euro 325m)
= Euro 560m

3.5 Summary

It has been shown above that the naive DCF approach does not take account of
management’s flexibility arising from potential project growth, the possibility to
abandon projects, and the opportunity to take on riskier projects that raise equity-
holders’ value. In the latter case, such flexibility explains why financially distressed

firms have a positive value on stock exchanges.
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In the examples given above, by way of a practical introduction to this thesis,
the use of real options in capital budgeting has been illustrated by a number of case
studies. The following chapter goes on to describe the major theoretical developments

in the area.
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CHAPTER FOUR
REAL OPTION THEORY

Whilst the previous chapter illustrated the use of real options in capital
budgeting, this chapter presents the theoretical developments in real option pricing.

In practice, valuation of financial options provided a theoretical background
for the development of real option valuation. Thus, lately, real option formulas are
frequently the development of mathematical formulas for financial options. In many
cases the theories developed are based on different assumptions regarding the
distribution function of the underlying asset and the critical factors to determine real
option value. Some researchers, especially in early studies, examine the value of real
option in the light of the incremental investment decision. Others developed heuristic

approaches.

4.1 Mathematical foundations in option pricing

The breakthrough in option pricing theory came with the Black and Scholes
paper in 1973 which shows that options could be priced by constructing a risk-free
hedge by dynamically managing a simple portfolio consisting of the underlying asset
and cash. The formula that evaluated European stock options on a share that does not
pay dividends was extended by Merton (1973) to allow for an option on shares that
distribute a known dividend yield and by Black (1976) to price European options
when the underlying security is a forward or futures contract.

The mentioned formulas were based on the assumption that the underlying
asset is lognormally distributed (i.e. it follows a geometric Brownian motion-Wiener

processl). The Wiener process can easily be generalised into more complex processes.

! The Wiener process-also called a Brownian motion-is a continuous time process with three important
properties. First, it is a Markov process, so its probability distribution for all future values of the
process depends only on its current value. Second, the process has independent increments. This means
that the probability distribution for the change in the process over any time interval is independent of
any other time interval. Third, changes in the process over any finite interval of time are normally
distributed, with a variance that increases linearly with the time interval. The Markov property,
assumed by the Brownian motion, implies that the weak form of market efficiency holds.

71



Chapter 4 Real Option Theory

The simplest generalisation is the Brownian motion with drift. When the drift and
variance coefficients are functions of the current state and time, the continuous-time
stochastic process is called an Ito process. In case the price is somehow related to
long-run marginal costs, as in the case of raw commodities, the price should be
modelled as a mean-reverting process. Also often it is realistic to model an economic
variable as a process that makes infrequent but discrete jumps. A Poisson (jump)
process is a process subject to jumps of fixed or random size, for which the arrival
times follow a Poisson distribution. Nevertheless, the valuation of options on assets
that are assumed to follow stochastic processes other than Brownian motion has
received less attention by practitioners because the additional accuracy offered by
several of these models is outweighed by the complexity of estimating the additional
parameters required. A model that assumes that the underlying asset follows a jump-
diffusion process was developed three years after the development of the Black-
Scholes formula by Merton (1976). However, the model requires two additional
parameters to be estimated, namely the expected number of jumps per year and the
percentage of the total volatility explained by the jumps.

Later on, attention was paid to the development of the formulas that value
American options. The valuation of an American call option on a stock paying a
single dividend with given time to dividend payout was developed by Roll (1977),
Geske (1979) and Whaley (1981). A compound option approximation approach to
value analytically an American put option on stock paying cash dividends was
developed by Geske and Johnson (1984). The quadratic approximation method was
used later to value American call and put options on an underlying asset with given
cost of carry (Barone-Adesi and Whaley ,1987). When the cost of carry rate exceeds
the risk-free rate, the American call value is found to be equal to the European call
value. An analytical method, based on an exercise strategy corresponding to a flat
boundary, to price American options on stocks, futures and currencies is used by
Bjerksund and Stensland (1993). The model presented by Bjerksund and Stensland
(1993) is claimed by Haug (1998) to be somewhat more accurate for long-term
options than the model developed by Barone-Adesi and Whaley (1987). All the
mentioned models are one-factor models. However, there is some concern that the
one-factor models tend to misprice options on commodity prices in the long-run,

while the three-factor models do not (see Hilliard and Reis ,1998).
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The three-factor models for pricing options on commodity prices were
deployed by Miltersen and Schwartz (1997) and Hilliard and Reis (1998). The model
assumes stochastic futures prices, term structure of convenience yields and interest
rates”.

Furthermore, in many real-option applications the underlying “asset” is rarely
traded in anything approximating a continuous market and its price therefore is not
continuous either. For that reason, Merton (1998) suggested an extended Black-
Scholes option-pricing framework to include non-tradability and non-observability.

These studies valuate simple options’. However, in practice more complex
options are evident. Other papers fill that valuation gap by developing the framework
to analyse the options to switch among various uses, growth options and
combinations. The valuation of an option to exchange one risky asset for another* has
been the first serious attempt to value these types of options (Margrabe, 1978). The
valuation of an option to acquire another option, important to value both timing
options and growth options, was developed by Geske (1979). More recent researchers
focused their interest to value options on the maximum of other assets, or to value
exchange options. The pricing formulas of the European options on the maximum or
the minimum of two risky assets was introduced by Stultz (1982), while options on
the maximum of several risky assets were analysed by Johnson (1987). The valuation
of the option to acquire another option to exchange the underlying asset for another
alternative asset by Carr (1988) has been useful to value timing options and options to
default. Kulatilaka (1988) and Kulatilaka (1993) provide an equivalent formulation
for the real option to switch among operating modes. Although analytical formulas
provide certain advantages, their usefulness is restricted by the deficiencies that relate
to their statistical assumptions (see Trigeorgis (1995) for discussion). Multinomial

models, decision tree analysis and Monte Carlo simulation provide useful alternatives.

? The formulas assume lognormally distributed commodity prices, and normal distributed (Gaussian)
continuously compounded forward interest rates, and future convenience yields.

3 A simple type of option in the area of real options is the option to expand

* It is useful to value abandonment options and options to default
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Multinomial models

The simplest types of multinomial models are the binomial ones. The binomial
method was introduced by Cox, Ross and Rubinstein (1979) and Rendleman and
Bartter (1979), who show how to construct a recombining tree that uses the geometric
Brownian motion in discrete stages. If we assume a very large number of steps a
binomial tree is equivalent to the continuous-time Black-Scholes formula when
pricing European options. Trinomial trees in option pricing are introduced relatively
early by Boyle (1986). The trinomial trees can be used to price both European and
American options on a single asset. The lattice binomial approach developed by Cox,
Ross and Rubinstein (1979) can be extended to handle two state variables (see Boyle,
1988). When there is a series of exercise prices, nonproportional dividends and
interactions among a variety of options imbedded in a single underlying asset, then a
log-transformed variation of the binomial option pricing method is useful and
efficient (Trigeorgis, 1991). A three-dimensional binomial model that can be used to

price most types of options that depend on two assets, both European and American is

constructed by Rubinstein (1994b)°.

Monte Carlo simulation

The Monte Carlo simulation in option pricing was introduced by Boyle
(1977). The numerical method developed can be used to value most types of
European options. The Monte Carlo simulation can be used also to price American
options (Barraquand and Martineau, 1995). The main drawback of the Monte Carlo
simulation is that it is computer-intensive.

The replication of an option from an equivalent portfolio of traded securities
has facilitated the valuation of options in practice. The risk-neutral valuation
presented by Cox and Ross (1976) enables the replacement of actual probabilities by
risk neutral ones and therefore established present value discounting at the risk free

rate of expected future payoffs. Another piece of research showed that standard option

5 Recent research pays attention also to the development of implied tree models. The implied tree
models use information from liquid traded options with different strikes and maturities to build an
arbitrage-free model that contains all the information given by market prices (see Rubinstein, 1994a
and Dupire, 1994).
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pricing formulas can be derived by risk aversion and proved that continuous trading
or risk neutrality are not necessary to enable a risk free hedge (Rubinstein ,1976).

If the underlying asset is traded in futures markets, though, this return shortfall
or rate of foregone earnings can be easily derived from the futures prices of contracts
with different maturities (Brennan and Schwartz, 1985).

To estimate that particular rate of foregone earnings when the underlying asset
is a commodity, McDonald and Siegel (1985b) use a market equilibrium model.
However, if the underlying asset is not traded, as in many cases in capital budgeting-
associated options, its growth rate may actually fall below the equilibrium expected
return required. In that case, the equilibrium rate necessitates an adjustment in option
valuation discussed in McDonald and Siegel (1984) and McDonald and Siegel (1985).

Other researchers extend the previous discussion and they argued that any
contingent claim on an asset (or any active production process) could be priced by
replacing its actual growth rate with a certainty equivalent rate, which does not
explicitly involve preferences (Cox, Ingersoll and Ross, 1985). Similarly, Trigeorgis
(1993a) points out that since in capital budgeting we are interested in determining
what the project cash flows would be worth if they were traded in the market, real
options may, in principle, be valued similarly to financial options. He derives

certainty-equivalent discount rates for the decision tree analysis of the real options.

4.2 Discrete-time models

Introduction: An all-equity financed project

In discrete time processes, the values of the variables can change only at
discrete points of time. Suppose a company invests an amount I for the complete
construction of a plant with gross project value V and the price of the plant’s “twin
security” SP that is traded in the financial markets moves over the next year,
following a multiplicative binomial process, each period either increasing by a
multiplicative factor u or falling to d of its earlier stage.

Lets assume both the project and the twin security have an expected rate of

return (or discount rate) ry, expressed by the equation
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rszo[Spl]z[pSP T 4+1-p)SP 7] (4.1)
SP
SP,

where
E,[SP;] is the expected value of security SP at time 1
SP, is the value of security SP at time O
SP* is the price of SP if the upside change takes place
SF is the price of SP if the downside change takes place
p is the probability of upside change
(1-p) is the probability of downside change

Then, according to DCF techniques, the project’s value is
V =V -1 (4.2)

where

v _EVi]_[pV*+0-pW°]

(4.3)
* (A+4r) (1+r,)

given that

I is the amount of investment

E,[V;] is the expected gross value of the project at time 1
V., 1s the gross value of the project at time 0O

p is the probability of upside change in V

ri 1s the expected rate of return
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If I>V, then V,<0, and the naive interpretation of the DCF approach suggests
that management should reject the project. However, if managerial flexibility or
various kinds of operating options are present, the investment in the plant may
become economically desirable even if the project’s static NPV is negative. The
formulas 4.1, 4.2 and 4.3 were developed by Cox, Ross and Rubinstein (1979) and are
used by Trigeorgis and Mason (1987).

The value of the opportunity to start construction on a new plant, E, will move

in a perfectly correlated manner with the movements in V or SP.

Borrowing and the value of the investment

The company’s management would construct a portfolio consisting of N
shares of the twin security SP partly financed by borrowing of amount B at the rate r.
This portfolio can be chosen in a way that it will exactly replicate the opportunity to
build a new plant, independently of whether the project does well (SP") or poorly
SP).

If the portfolio can be specified precisely (in particular, if we specify what
percentage of shares is financed by borrowing), then the investment opportunity, ¥,
will have the same value as the equivalent portfolio or else profitable arbitrage
opportunities will be evident. If we borrow an amount B of debt to buy N securities

SP, then the value of investment opportunity will be

¥ =NSP-B

If the project goes well, then the value of the opportunity will be

W+=N SP+-(1+r)B

otherwise it will be

¥Y-=N SP--(1+r)B

Treating the conditions of equal payoffs as equations, it follows that
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N= (P+-y)
(SP*-SP°)
and
+op- -apt
Bz[Y’ SP™ -¥°SP ](1+r)
(SP*-SP")
where

N is the number of borrowed securities SP

B is the borrowed amount

Consequently, the management can replicate the payoff to the new investment
opportunity by purchasing N shares of SP and financing the purchase in part by
borrowing an amount B at risk-free rate r.

The present value of the opportunity is given then by

o P¥ H(1-p)W ] (4.4)
(I+r)

where
p’ is the «isk-neutral» probability that allows expected values to be
discounted at the risk-free rate,

and it is expressed by the equation

pi= [(1+7r)SP -SP" ]
(SP* -SP")

A market utility approach provides more general versions of decision analysis
for determining the market value of real options with different risk structures, other
than risk neutrality. Kasanen and Trigeorgis (1995) develop this approach.

The use of Bellman equation of dynamic programming is also used to value
investment opportunities by Kulatilaka (1993), Kulatilaka (1995a), and Kulatilaka
(1995b). Kulatilaka (1995a) uses the concept of a “mode of operation”. She values the
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“time- to- build option” the abandonment option and the shutdown option. In another
study, Kulatilaka (1995b) uses the same concept and simulation to evaluate the “wait-

to-invest” option, the option to shutdown, and the option to expand.

The option to abandon

The management’s flexibility to abandon a project for its salvage value
translates into the equity holders’ flexibility to choose the maximum of the project’s
value in its present use, V, or its salvage value A.

In other words, it holds, in general
Y=max(V,A)
and is expressed for two possible outcomes (upside and downside outcome) as

Y'=max(V',A*),
and

¥ =max(V,A’)

where
¥ is the expected gross value of the project in general, ¥* if the upside
outcome takes place, ¥ if the downside outcome takes place
V is the project’s gross value in its present use

A is the project’s gross abandonment value

The summation of the project’s static NPV and of the option to abandon is

_ A (1-p)¥ ]
1+r)

. (4.5)

where
p’is the certainty equivalent possibility to increase value

I, is the amount of investment
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r 1s the risk-free rate

The value of the option to abandon is

Pow _y PP H(I-p )] [V +I-pV] 4.6)
(1+r) (I+r,)

where
P is the value of the option to abandon
ry is the project’s expected rate of return
V' is the project’s value if the upside change takes place,V™ if the

downside change takes place

The formula 4.6 developed by Brealey and Myers (1991), is used by
Trigeorgis (1993a) and Trigeorgis (1996a). Also, a link of formula 4.6 with residual
income valuation is developed by Stark (2000).

The option to default

If part (IOD ) of the initial investment is debt financed and will be repaid in n
years, equity-holders have an option to acquire the project’s value V by paying back
the debt (with interest) at exercise price, at time 1. Thus at time 1, equity-holders will
pay back what they owe to debt-holders only if the project’s value exceeds the

promised payment, otherwise they will default. In other words, the investment’s value

will be
¥, =max(V-D,0) (4.7)

where

D is the invested amount, partly debt financed

The summation of the project’s static NPV and of the option to default is
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g ¥ +-p)¥]

(.1 P (4.8)
g (1+r) 1,-1,")

where
Y" =max(V* - D,0)
¥ =max(V" - D,0)

I, is the initial investment

I, is the part of the initial investment which is debt financed

The value of the option to default is

_ P -p Wl . op, [V +(1-pV7]
o= (I+r) a=tp) (1+r,) 1o

YT +A-p W) o [V H(1-pVT] %
(I1+r) : (I+r, )

where

n is the number of years the debt will be repaid
p is the probability of V to rise in the examined period
p’ is the «isk-neutral» probability that allows expected values to be

discounted at the risk-free rate,

Trigeorgis (1993a) develops equations 4.7, 4.8 and 4.9 and provides their
proof. Also, a lattice binomial approach to handle the situation in which the payoff
from the option depends on more than one state variable was developed by Boyle
(1988), who extended equations 4.1, 4.2 and 4.3.

Formulas 4.7 and 4.8 in conjunction with Monte Carlo simulation are utilised

by Schwartz and Moon (2000) to value an Internet company.
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The option to expand

The management may have the flexibility to alter an existing project in various
ways at different times during its life. To illustrate, suppose the management has the
option to invest an additional I’, at time 1 after the initial investment that would
increase the scale and value of the project by a times the value of the initial project.
Then, in year n’, management has the option either to maintain the same scale of
operation or to increase a times the scale and receive (a+1) times the project value by

paying the additional cost.
In this case,

For a>0,

¥ =max(V(a+1)V -1 )=V +max(aV-1 ,0) (4.10)

so that
¥ =max(V*,(a+DV* -1 )
and

¥~ =max(V ,(a+1)V " -1 )

Consequently, management will exercise its option to expand if market
conditions are favourable, otherwise it will let the option expire unexercised.

The summation of the project’s static NPV and of the option to expand value

is

g D E +(ij W]

1 (4.11)
(I1+r)"

given that
Y =max(V*,(a+1)V* -1 )
and

¥ =max(V ,(a+1)V" -1 )
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where
n’ is the option’s lifetime expressed in number of years
I’ is the amount of additional investment to be invested,
a is the per cent increase in scale and value of the project compared to the

initial project, if the additional investment takes place

The value of the option to expand is

Cop_yP¥ +A-p )¥"] [pV'+(1-p)V'] @.12)
(1+r)" (I+r, )"

where

p is the probability of V to rise in the examined period

The principles of the valuation of the option to expand (valuation formulas
4.10, 4.11 and 4.12) have been developed by Cox, Ross and Rubinstein (1979).
Trigeorgis and Mason (1987), Ritchken and Rabinowitz (1988) and Brealey and
Myers (1991) use these formulas (4.10, 4.11 and 4.12) to illustrate real option cases.
Moreover Trigeorgis (1996) uses the same formulas to evaluate leases and Panayi and
Trigeorgis (1998) use them to value an IT infrastructure expansion by a
telecommunications authority and the international expansion option by a bank.

Optimum investment rules in an option to expand in the case of a vacant land

are derived by Titman (1985) who uses the same lattice binomial approach. He

concludes that® if the value

w DY +(1-p ¥
I+r

% Given that E', E, p' and (I-p') are the value of land for high and low price states of nature, and the
corresponding risk-neutral probabilities, respectively. The risk-neutral probability p' is expected to be
iy RIM'
p =275 *TW0 | where R, s the unit rental rate and S, S, §'is the value of building for expected,
§*-8§"
high and low price states of nature.
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of the vacant land exceeds the value V from building at present day, the wealth-
maximising landowner will choose to have the land remain vacant until the following

year.

The growth option

The growth option in discrete-time models is valued like the option to expand
(Trigeorgis, 1996a). However, since the growth option is an option on an option, then
there are at least two stages of expansion. Following the methodology developed by
Trigeorgis (1996a) the summation of the project’s static NPV and of the growth

option value is

w_ PY A 1-p )]

- 1 (4.13)
(I+r)"

where

-

_ ¥ +1-p ]
(1+r)"

g ¥ -p )]

1+r)"

where
Y =max(V*-1,0)
V=Y =max(V*-1,0)
¥ =max(V"-1,0)

The value of the growth option is

Cp=w, .y Y TA-p W] [V +(1-pV]

; 4.14
(I+r)" (I+r,)" iy
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where

Vs[pVH(Lp) VoI T4r)"
V=[pV +I-p)V Y(1+r)""

where

I, is the initial investment

n’ is the number of years during period 1 (introductory period)

n’’ is the number of years during period 2 (late period)

¥** is the value of investment opportunity, if the upside change takes

place during the first and the second stage of investment, ¥* if the
downside change takes place during the second stage of
investment and the upside change takes place during the first
stage, ¥ if the upside change takes place during the second stage
of investment and the downside change takes place during the first
stage and ¥ if the downside change takes place during the first

and the second stage of investment.

V™ is the project value, if the upside change takes place during the first

and the second stage of investment, V* if the downside change
takes place during the second stage of investment and the upside
change takes place during the first stage, V'* if the upside change
takes place during the second stage of investment and the
downside change takes place during the first stage and V™ if the

downside change takes place during the first and the second stage

of investment.

The formula 4.14 is used by Kellogg, Charnes and Demirer (1999) to value a

biotechnology company. We note, however, that although the examined discrete-time

models are conceptually easy to understand, they are of limited value in practice

because they assume a small number of possible outcomes, something unusual in

most real-life projects. In practice, there are many possible outcomes that can be

expressed by a mathematical function that assumes a certain distribution. Besides,

discrete-time models require a large number of inputs, in terms of expected prices at

each node.
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In addition, discrete-time models assume that the value of the asset is not
continuous which is actually used in the study. Continuous-time analytic models
provide a solution to these limitations since they reduce the information requirements
substantially. Nevertheless, under specific assumptions discrete-time models can be
transformed to equivalent continuous-time models. This transformation is useful
because it provides a methodology to understand how the examined cases can be
formed in a continuous-time base which is actually used in the study. In the following

paragraph we will examine how this transformation can be achieved.

4.3 From Discrete-time to Continuous-time models

Although there are many types of discrete-time models, we will examine the
assumptions under which the prevailing type of discrete time model, the binomial
model, can be transformed into a continuous-time model. In practice if the time
interval (t) between price movements is shortened, the limiting distribution, as t
approaches zero, can take one of two main forms:

1. If, as ¢ approaches zero, price changes become smaller, the limiting
distribution is the normal distribution and the price process is a
continuous one.

2. If, as t approaches zero, price changes remain large, the limiting
distribution is the Poisson distribution, that is, a distribution that allows

for price jumps.

In the first case, the necessary inputs to real option pricing can be converted to
a suitable form for a continuous-time formula, by using the methodology proposed by
Brealey and Myers (1991), Hull (1993) and Damodaran (1996). The methodology,
consists of three main steps, namely they consist of the variance estimation, the
dividend period estimation and the valuation at late stages. To estimate the probability

of arise, it can be proved7 (Cox, Ross, Rubinstein, 1979) that

7 The formula is applied in real option valuation by Brealey and Myers (1991).
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_(r-d)
(u-d)

(4.15)
where

r is the risk free rate

u is the upside change

d is the downside change

where
u= e and
d=1/u

where
o=standard deviation of annual returns

h=interval as a fraction of year
given that
T is the life of the option in years, m is the number of periods within the

option’s lifetime, and the volatility ¢ is given, to estimate up and down movements,

Damodaran (1996) provides the following formulas

r-c’ T ’ oT
u:e{[ 2 ][m]'l'[m]} (4.16)
r-c® T o’T ‘
d=e{[ 5 ][m] 1#[ = 1} 4.17)

Then the period in which the dividends will be paid is specified and it is

assumed that the price will drop by the amount of the dividend in that period. In
addition, the option is valued at each node of the tree, allowing for the possibility of
early exercise just before cash outflow (ex-dividend) dates. There will be early

exercise if the remaining time premium on the option is less than the expected drop in
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option value as a consequence of the cash outflow (dividend payment).Finally, we
value the option at time zero, using the standard binomial approach. To understand
further the association between continuous- and discrete-time models, we get into the

description of the principles of continuous-time valuation.

Continuous-time models assume variables vary continuously through time. In
our study we assume that the price of the asset follows the Brownian motion (or
Wiener process) that is a specific continuous-time stochastic process. The Wiener
process has three important properties:

It is a Markov process. This means that the probability distribution for all
future values of the process depends only on its current value, and is unaffected by
past values or any other current information.

It has independent increments. This means that the probability distribution for
the change in the process over any time interval is independent of any other time
interval.

Changes in the process over any finite interval of time are normally

distributed, with a variance that increases linearly with the time interval.

The first property is useful in the study because it implies that only current
information is useful for forecasting the future path of the process, so it fits with the
assumption of the thesis that publicly available information is quickly incorporated in
share prices, the assumption of a semi-strong form of market efficiency.

In general, if z(#) is a Wiener process, then any change in z, 4z, corresponding
to a time interval 4¢, satisfies the following conditions:

the relationship between Az and At is given by
Az =g, At

where

& is a normally distributed random variable with a mean of zero and a standard

deviation of 1

E[eg:]=0 for t><s . That means the random variable & is serially uncorrelated.
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Thus the values of Az for any two different intervals of time are independent.
We will illustrate how these assumptions fit in the case of an option to abandon and
then we will examine the developed models in the case of an option to expand as well

as in the case of an option to default and in the case of a growth option.

4.4 The option to Abandon

The option to abandon units of production

Initially, the development of real option research, in the case of the option to
abandon for a salvage value, examined this option at an incremental base. In
particular it was considered that invested capital, at each time ¢ can produce one unit
of output selling for PS, while production incurs a variable unit production cost

UPC,, assuming that the output price PS; follows the continuous time stochastic

process

dPs
Ft = g st + 0 podz (4.18)
t

®  gpis the expected growth rate of the output price
e &’y is the per-unit-time variance of that growth rate
® dzp, is the random increment to the Wiener process zp,
e the variable unit production cost, UPC;, is known at time zero with
certainty
e the firm can temporarily with no cost incurred change the level of
production without affecting future prices and costs
e the risk free rate of interest, r, is constant and known with certainty,
in a world with risk neutral investors the present value of an uncertain cash flow is
equal to the expectation of the cash flow discounted by the risk-free interest rate,

viewing operation in each period as an option to acquire PS; by paying UPC; as
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exercise price, McDonald and Siegel(1985), show that a current claim, Vy(Z), on time ¢

profits is equal to
V(USP,,UPC,,t) = USP,e " N(d,)- UPC,e”" N(d, ) (4.19)

where

USP,

In(
UprC,

)+[(r—6p)+§o~;‘isfr

o, NT

d, =

d,=d,; —Gpswfl_"

and

Op=r-g,

where
UPC, is the variable unit production cost
USP; is the unit output price
0p is the risk premium

T is the option’s time to expiration
The researchers show that the present value of operating a project, V,, is the

summation of differences between USP; and UPC; expressed by the term V{(f) and

discounted at the appropriate rate, that is to say

T
V, =Y V(1)
=0

Under risk aversion, assuming the Merton’s (1973) Intertemporal Capital
Asset Model (ICAPM) holds, they show that d, will be

Op =Tp~8ps
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and

r,=r+B[Elr,]-r]

where
gps 18 the expected rate of price appreciation on a commaodity
r is the risk free rate
rm 1s the market rate of return
rp is the expected return of the project

p is the project beta.

Therefore, the risk free rate is replaced by the cost of capital, developed in the
Capital Asset Pricing Model. More generally, risk premium can be defined by
different equations if the life and the cost pattern of the project are different.
Assuming the project is not infinitely lived, it can be shown (by Davis, 1998) that the

risk premium, is given by the following equation

(nw UPC ,e™ )
d,= (0;-r)e+r+ L

v, (4.20)
given that
al
g =(rplO0RE g0 )y

The value of constant @ depends on whether production is fixed or
declining® (for example, it is declining, in the case of an oil field).

dyis the convenience yield on the project output

r is the risk-free interest rate

¢ is the price elasticity of the project’s value , or the sensitivity of project

value to changes in the spot price of the project’s output good
UPC,; is the unit cost
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7 1is unit costs growth rate during project operation

V. is the value of the project

For infinitely lived and costless’ projects

_(I-7,)USP,K
B Vv

5 (4.21)

p

For this type of project the dividend yield is constant and equal to the value of
project cash flow to project value (Myers and Majd ,1990)'°. When the project has

finite life,

5 _(1-7,)(USP, - UPC, )K

P v, (4.22)

This approach is also examined by Myers and Majd (1990).

Other researchers make somewhat different assumptions to value the option to
abandon''. While some researchers (Trigeorgis, 1990) assume that the risk premium
dp is zero, others assume that the risk premium (or dividend) is equal to the
convenience yield (look at Davies (1998) for overview). Majd, Pindyck (1987) and
Quigg (1993) make other arbitrary assumptions for the price of risk premium.

In any case, the formula 4.19 implies that a company can, with no cost
incurred, shut down a project temporarily whenever the unit output price is not
sufficiently high to cover variable unit production costs. However as Dixit and

Pindyck (1994) prove and observed business practice indicates, businesses do not

(1-74 )K
(r-m) °

(1-7,) _ p(r=m+y )T :
(r_my)q,[l e ], given

that g denotes output and y is is the constant exponential rate of decline of output.
? If production is fixed, 6 = ”%;‘)—’i Ef{:’}‘, j g[l-e ~(84y )T ] given that
g denotes output and y is is the constant exponential rate of decline of output.
' Similar conclusions can be derived for D" when an option to expand is examined. If the project is
similar to that owned by a listed company, that company’s (Earnings per Share)/(Share Price) ratio
could provide this estimate (McDonald and Siegel ,1986).
1 Especially in the case of market data, the convenience yield is
cp
[n( ) -r" ]

2 = —u——T__

where CPy is the commodity future price and CP; is the commodity spot price.

® If production is fixed, o = If production is declining, o =

. If production is declining, 6 =
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switch off production whenever the unit output price is not sufficiently high to cover
variable unit production costs. As discussed in Brennan and Schwartz'* (1985) this is
evident because of the incurring of shutting costs. It is argued that it is not optimal to
shut down a project (for example a mine) unless the value of the project's
abandonment value exceeds the expected value of the operating mine by the amount
of the shutting costs. Considering that in most projects there is also initial investment
and resale value that must be considered as well, it becomes apparent that the value of
the option to abandon must compare, in principle, the value of the project in operation
with the project salvage value that takes into account the discussed factors. The
valuation of the option to abandon a project for its salvage value arranges these issues.
Effectively, the valuation of the option to abandon for salvage value stems from
Margrabe (1978) who examined the mathematical aspects of the option to exchange

one asset for another.

The option to permanently abandon a project for its salvage value

The value of the option13 to exchange an asset (1) for another asset (2) is

expressed by the equation

Ci(S;,S,,T)=max(S; - S,,0)=S,"""N(d, )- S,e® """ N(d, ) (4.23)

where

_In(S;/ 83)+(b;-b, +0’12)T

d

! oT
o =J(012 +0,° -2p0,0,) (4.24)
where

S is the price of the underlying asset 1

S2 is the price of the underlying asset 2

'2 A more extensive discussion over these issues is provided in Chapter Two of the thesis.
1> Margrabe (1978) provides a valuation formula for a European option.
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p is the correlation coefficient between §; and S;
T is the option’s time to maturity

oy is the volatility of S;

o3 is the volatility of Sz

b; is the cost of carry of S;

b, is the cost of carry of S

According to Margrabe (1978), the option in equation 4.24 is simultaneously a call
option on asset one with exercise price S; and a put option on asset two with exercise

price Sa.

Other researchers developed formulas that extend previous work. The
valuation of European options on the maximum of two risky assets is developed by
Stultz (1982). However, both the formulas developed by Margrabe and Stultz are not
suitable to value American options. An analytic formula to value American put
options was developed by Geske and Johnson (1984). An extension, of the formula
developed by Geske and Johnson, to value American analytic exchange options is
developed by Carr (1995). Besides, Myers and Majd (1990) point out that Margrabe’s
analysis assumes no payouts from the assets, so it would not strictly apply to the
abandonment option. The researchers use the approach used by early option
researchers (Merton (1977) and others) who rely on continuous trading on specified
assets to replicate the payoffs to the contingent claim. According to that methodology,

the value of the contingent claim is the cost of forming the replicating portfolio.

Myers and Majd (1990) assume that project value Vp and Salvage Value Vs

follow a lognormal diffusion process

av,
W =r,d; -V, +0,dz,

and
dv
—=rd, -rd, + 0 dz
VS
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where
V, is the project value
rp is the expected return of the project
oy is the standard deviation of the rate of change of Vp
dz, is the standard Weiner process generating the unexpected
changes in Vp
r represents the riskless rate of return

¥p 18 the payout ratio

Assuming also that the value of the project is determined by the present value

of the expected cash flows.

they put

o, =J ( 0},2 +O;2 —2040,0,)

where
V) 1s the project value
V; is the Salvage value
o, is the volatility of project value
o; 1s the volatility of salvage value
o, 18 the volatility of project value in units of salvage value (X=S,/S;)
Pss 1s the correlation coefficient of project and salvage values

X is the exercise price (strike price) of the option

Damodaran (2001) uses a put option formula assuming

by=r-6

b, =0

6 =
P

o2=10

6= 0]

(4.25)
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it follows that

Py(V,,V,,T)=V,e T [N(d, )-1]-V,e“"T[N(d, )-1]

4 _I(V,/V, )+(r-5+0° /2)T

1 O'ﬁ
d2=d1'0"\/T—

where
T is the option’s time to maturity

T}, is the remaining life of the project

Effectively, the exchange option and the put option valuation, which is the
base to value abandonment option, is used to value the option to default. It differs,

however, in the sense that the option to default is an option to exchange part of the
equity for part of the debt.

4.5 The Option to Default

Valuation of the option to default as an exchange option

The value of the option to exchange asset S, for S§; in return for a fixed

quantity Q of asset S; is (according to Carr, 1988)

C=8,e""EM(d;,y,,T, /T, )- S 1% ™% M(d,, y;, T, ]T; )+

4.26
+08,e®"i N(d; ) .

where
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_In(US,/ S; )+( by -b; +62/2)T,

o1,

d;

d4 =d3'0. T1

; _In(S;/ S, )+(b;-by +0%/2)T,

1 O'JE

Y2 =y;1-041,;

o =\/0'12 +0'22 -2pc;0,

where

U is the unique critical price ratio, expressed by the equation
Sle(brf)(Tz'TJ )

U= S, o 02 (T:-T;)

solving
UN(z1)-N(z2)=Q ,
L @+ (T -T, )o?/2

! aJT, =T

2, =21 -0y13 - T,

where
T} is the time to expiration of the “original option”
T is the time to expiration of the underlying option (72> T7)

0 is the Quantity of asset S delivered if option is exercised

Valuation of the option to default as a put option

However, other approaches are also developed that use simple call option
formulas or value options to default as put options. A useful alternative is to value the

summation of the project’s NPV and of the option to default as a call option. In that
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case the Black Scholes (1973) formula is used. According to Damodaran (1996), the

value of the option to default in debt payment will be
Py =Cp(V. X ;,T)-Ve™ + Xye™™

where

X is the value of debt

given that
Ce(V,X;,T)=Ve ™ N(d;)-X,6"TN(d;)

and
P =[(ln(xld)+(r-6+"2—z)T]
1 o.ﬁ

(% )+ (r-8—5 )T ]
2 o T

d

it follows that
Py :Ve‘ar[N(dl)—1]—Xde"’T[N(d2)—1]

where

(4.27)

(4.28)

T is the option’s time to expiration expressed in years, equal to the

average duration of the company's debt

V is the net present value of company assets (including debt)

r is the risk free rate, equal to the government bond rate that corresponds

to the option's life-time

d is the expected company dividend yield

o is the company asset volatility, expressed by the equation

a=1 & + = + e po,c
\(D+E) ' (D+E) ° (D+E) '?
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given that ey is the project volatility and o is the volatility of debt.

Another study shows that equity-holders hold the option to default in the form
of an American put option P on equity value under continued operations, Vg-X4Ve,
with an exercise price equal to the equity value under liquidation, V-X4Vyz, given that
the examined firm has issued debt, denoted by X4, having a single payment due at
maturity, an immediate liquidation value (V1) and a going-concern value (Vg) (Vila &
Schary, 1995). Whereas the option to default and the option to abandon are valued
either as exchange options or as put options, the option to expand and the growth
option are valued as call options. This is due to the nature of these options. In both of
them the firm has the opportunity to discontinue existing operations for a fixed
amount of value. On the contrary, concerning the option to expand and the growth
option, the company has the opportunity to invest a predetermined amount of funds to
receive future benefits if conditions prove favourable. Thus the option to expand is

valued as a simple call option.

4.6 The Option to Expand

Some researchers use a transformation of the classic Black-Scholes (1973)
formula to value an option to expand (Siegel, Smith, Paddock (1988), Brealey and
Myers, 1991), whereas other researchers discuss the necessity for dividend yield

adjustments (Trigeorgis, 1996a, Davis, 1988).

The option to expand into assets that yield a holding gain

The Black-Scholes (1973) approach has been developed for financial options,
based on the argument that if options are correctly priced it should not be possible to
make sure profits by creating portfolios of long and short positions in options and

their underlying asset.
Given that

N() is the cumulative normal density function

T is the time to expiration of the option in years
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SP is the share price
X3gs 1s the strike price of the option

ops 18 the stock price volatility

the value of the call option'* is expressed by the equation
Cp(SP, X, T)=SP Nd,)-X,,e™" Nd,) (4.29)

where

() +(r+ 5 )T ]

O'ps \/F

_ [(n($5)+(r=5)T ]

d
’ O ps T

d,

Brealey and Myers (1991) transformed the formula 4.29, to apply it in real

option cases.

The value of the option to expand is expressed by the equation

C,(V, LT)=VN(d,)-Ie™™ N(d,) (4.30)
where
. [n(% )+ (r + 2 )T ]

O'BM\/TT

H Assuming that
e the short-term interest rate is known and is constant over time
e the stock price follows a random walk in continuous time with a variance rate
proportional to the square of the stock price. Thus they assume the distribution of
possible stock prices at the end of any finite interval is lognormal
the variance rate of the return on the stock is constant
the stock pays no dividends or other distributions
the option is European, that is, it can only be exercised at maturity
there are no transaction costs in buying or selling the option or the stock

it is possible to borrow any fraction of the price of a security at the short-term interest
rate

e there are no penalties for short selling,
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given that

I is the value of investment, expressed in current (discounted) value

opy is the investment’s (expected) cash inflow volatility

Benaroch and Kauffman (1999) applied equation 4.29 to value IT investments.
However, the Black-Scholes approaches do not account for the "dividend yield",

whilst the Merton (1973) approaches account for dividends.

The option to expand into assets that generate cash flows

Following Merton (1973), the value of an American Call option paying a
known dividend yield is

C,(SP,X,T)=SPe*"N(d, )- Xe™ N(d,) (4.31)

given that,

g o) +r-g+5)T]
,=

o T

g, = [0+ -a=

o T

%)szdf_o_ﬁ

where
q is the dividend yield

o is share price volatility

Assuming that

ris computed bond rate that corresponds to the option's life

q is the cost of capital
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¢ 1s expected cash inflow volatility, computed from industry average
standard deviation

V, the value of the expected cash inflows, expressed in current
(discounted) value, replaces SP,

I is the value of investment, expressed in current (discounted) value
replaces X,

the formula is used by Damodaran (1996).

A transformation of formula 4.31 to value the undeveloped oil reserves is
made by Siegel, Smith and Paddock (1987). The analogy is illustrated in the
following table (Table 4.1).

Table 4.1: Comparison between a call option on a share
and a real option embedded in undeveloped petroleum reserves
Real option in Undeveloped

Call option on share
Petroleum Reserves

Current value of share ( SP) Current Value of Developed Reserve
Exercise price (X) Development cost
Time to expiration (T) Relinquishment Requirement

. Variance of Rate of change of the Value of a
Variance of Rate of return on the Share (o)

Developed Reserve

Risk free interest rate ( r) Risk free interest rate

Dividend ( q) Net Production Revenue less Depletion
Source: Siegel, Smith and Paddock(1987)

McDonald and Siegel (1986), Majd and Pindyck (1987), Paddock, Siegel and
Smith (1988) and Gibson and Schwartz (1991) applied Merton’s (1973) formula to
value real options. However, McDonald and Siegel (1986) consider the payment of a
sunk cost Iys in a return for a project worth V, where V and Iy evolve as Geometric
Brownian motions, while Majd and Pindyck (1987) assume that only the value of

project V evolves as a Geometric Brownian motion'”.

15 Whereas the assumption that sunk costs evolve as a Geometric Brownian Motion may apply in
some cases. these approaches inherently have certain limitations (analytic approaches are complicated,
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Even though the valuation formulas of expansion options are useful, they do
not properly value opportunities that consist of phased investments. Growth option,
valuation models, examined on the following paragraph, value these complicated

opportunities properly.

4.7 The Growth Option

To illustrate, valuing a pioneer project should give the management the right
to acquire a commercial venture by paying its second phase investment outlaym. First,
management must decide whether to continue or not with the pioneer venture (Year 0
decision). Once the decision has been made, it would take ¢ years to build the pioneer
venture. The building of a follow-up commercial project would take an additional
time period, ready to start production in Year ¢ .The time profile of the decision

situation is presented on Table 4.2, developed by Kemna (1993).

Table 4.2: Pionner projects and growth options

Planning situation
First stage Second stage
Year 0 Yeart Year t* Year t*
Go ahead with pioneer Start-up production of Decision moment to start Start-up production of
venture or stop pioneer project commercial venture commercial venture

Source : Kemna (1983)

The maturity date of the option was set equal to the earliest possible time that,
from a technological point of view, building of the first commercial venture could

start. The estimated lead on competition, that determines the time to maturity of the

incremental approaches do not take into account of sunk costs). Other approaches include an efficient
analytic American call option approach (Barone-Adesi and Whaley, 1987) , valuation of incremental
units of production examine as an option to expand(Pindyck, 1988 and Bell, 1995) that extended
Pindyck’s model to incorporate exit options and to include an analysis of hysteresis when the source of
uncertainty is exchange rates rather than product price.

16 In option pricing terms, “buying” the pioneer venture would give management the right to acquire a
commercial venture by paying for its investment outlay. Thus, investing in the pioneer venture today is
similar to investing in a growth option. The option will only be exercised if the commercial venture is
profitable at the maturity date of the option. If we consider a pioneer project as a growth option, the
value of the project consists of the value of a series of call options on the market value of the installed
project. Therefore, valuing the project by using the option to expand methodology will not justify the
investment in the pioneer venture.
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option, was estimated to be in Year #*, after (#*-f) years of production of the pioneer

venture.

Given the described time schedule, the pioneer project can be naively seen as a
call option on a futures contract, where the futures price, F, is equal to the value of the
commercial venture in £* years. The exercise price is equal to the investment outlay in
Year ¢* The time to maturity is equal to #* years. The mathematical formula of this

standard European call option on a futures contract is given by Equation 4.32,

described as follows.

The European futures valuation formula

Assuming that

e the variance rate of the return on the forward or futures contract is
constant

e there are no dividends or other distributions

e the short-term interest rate is known and is constant over time

e the futures price follows a random walk in continuous time with a
variance rate proportional to the square of the stock price. Thus we
assume the distribution of possible futures prices at the end of any
finite interval is lognormal

¢ the option is European, that is, it can only be exercised at maturity

e there are no transaction costs in buying or selling the option or the
futures

e it is possible to borrow any fraction of the price of a security at the
short-term interest rate

e there are no penalties to short selling,

e the value of a European call option , when the underlying security is a

forward or futures contract is expressed by the equation
C(CP;, X,T; )= eIr [CP; N(d; )- XgN(d; )] (4.32)

given that,

104



Chapter 4 Real Option Theory

_ [an(SGE)+ (5 )T ]
o T

d,

In( %L )~ (%21
d2=[(n(X) (2) ]=d1"0"\/f
o NT
where
X is Strike(exercise) price of option
T is time to expiration in years of the forward or futures contract

or is the annual volatility of the forward or the volatility of the futures

contract

Equation 4.32 is developed by Black (1976).
Damodaran (2001) uses equation 4.31, under the following adjustments
SP is replaced by V, the value of the expected cash inflows from phase 2
expansion
X, replaced by I, is the value of phase 2 expansion cost
T is the time the company can delay phase 2 expansion
o is the industry average standard deviation
g replaced by ry, is the cash flows foregone by waiting, divided by market

value

The complication, in case equation 4.32 is applied to value growth options, is
the opportunity by managers to either continue or stop the investment at some specific
time during the early stages of the project. Thus, instead of deciding to start and finish
the whole pioneer venture at that time, management has to decide to continue with the
next phase.

In the first phase, the management has an option to continue with the
production of pioneer project, including the option on the commercial venture. At the
end of the first phase, the management has the option to exercise the first option, the
option to complete the pioneer project. If the option is left to expire unexercised, the
management aborts the entire investment opportunity. The decision to exercise the

option depends on the remaining value of the pioneer venture, which is an option on
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the commercial venture. If the value of the commercial venture is sufficiently large,
the management will exercise the option.

Expressed in a different way, the first call option is written on the value of the
pioneer venture (Phase 2), which in turn depends on the value of the commercial
venture (Phase 3 and Phase 4). If the first option has a time to maturity z*, the time to
maturity of the second option is z-7*, and the cost of exercising the first option equals
the remaining NPV of the pioneer venture, defined as U*. In other words, the first call
option (option to introduce the project) depends on the option to commercialise the
project. This option is better valued by compound option formulas.

Equation 4.32 assumes that the variance rate of the return on the share
(underlying asset) is constant'’. This proves to be an unrealistic assumption. Luckily

compound option formulas lack these deficiencies.

The compound call option formula

Assuming that

e investors are insatiate

e security markets are perfect and competitive

e unrestricted short sales with full use of proceeds is allowed

e the risk-free rate of interest is known and constant over time

e trading takes place continuously in time

e the firm has no payouts

e changes in the value of the firm follow a random walk in continuous
time with a variance rate proportional to the square root of the value of

the firm and that investors agree on this variance, then

the value of a compound call option (a call option on a call option) is

described by the equation®

Cp =Vpe ™ M(kh; p)-Ige™™ M(k-cp\T*,h-0p7 ; p)-

P 4.33
-Ig e Nx-opt*) (439

17 Geske (1979)
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given that
2
) In(3)+(% )

- UPJ;

In(Ye)+(% o+

opT*

K

where

N(.) is univariate normal distribution function,

M(a,b;p) is bivariate normal distribution function with a and b as upper
and lower integral limits, and correlation coefficient p,

p=(r*/7)"

L. is the critical value of the project above which the first call option will
be exercised

Vp is the value of the developed project (second stage)

o, 18 the volatility of the rate of change of the developed project

I is the expenditure for the developed project (second stage)
I* is the expenditure for the initial project (first stage)
7 is the time to maturity of the simple option

7* is the time to maturity of the first call option

Equation 4.33 which is developed by Geske (1979) is used by Kemna (1993)
to value oil fields. Though useful to value most types of growth options, it is not
suitable to value values that are not continuous. Jump formulas are suitable to value

these types of assets.

The valuation of growth options assuming jump processes

Jump formulas may better capture the essence of the discovery (jump)
component of an asset. A jump-formulation to value start-up ventures is developed by

Willner (1995), based on valuation formulas in Cox, Ross (1976).

'8 Kemna (1993) provides a way to apply the model developed by Geske (1979) for real option
purposes
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Similarly, a formula to value growth options in the area of Research and
Development investments is developed by Pennings and Lint (1997). Assuming that
the costs associated with the irreversible investment, required for market introduction,
and the necessary time for R&D can be given with reasonable accuracy, there are no
dividend payments and the expected present value of future cash flows follows a

jump process

dVyp(t)=g,Vp()dt+Vp(t)d, (4.34)

where
gq is the drift factor
V) is the present value of future cash flows
Vp(t) is the market value of future net cash flows conditional on
industrialization, based upon all information at time ¢
d,=0 with probability 1-Adt
and

d,=Z (ajump of size Ei) with probability Ad¢
where
£ denotes the jump amplitude and is expressed by the equation
E=X; is
where
Xi=1 with probability p, and X;=-1 with probability (I-p),
T | X~ Wiy, 2)

The jump amplitude is symmetric, so its mean and variance are

E[Z; | Xi= YiVnXip.
Var[Z; / X; =(1-71'/4)J!2 xi

Then, the value of the growth option is expressed by the following equation
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Cp(®)=V, (N + JMT -t)y )- Ie™™ ) N(d) (4.35)

where

_(n(Z2)+ (- 2T 1)

JMT —t)y

I is the investment made

d

4 is the intensity parameter of strategic information flow in Poisson
process, expressed by the equation

A=1/8, so as

A(T-t) is the expected number of arrivals of strategic information during
the research period

T-t is the research period

T is the time of industrialization

t is present time

y2 is the variance of [Z;+1]

Although equations 4.34 and 4.35 should provide more accurate estimation of
growth options in the IT sector and elsewhere, compared to other methods, they are
difficult to estimate because they require detailed analysis of strategic information

that is not always disclosed.

The capitalised earnings method

The “Capitalised earnings” method estimates the value of corporate growth
options. The method treats anticipated earnings as a perpetuity, so capitalises them by
dividing them by the discount rates. We subtract the capitalised values from the
market value of the companies. The differences are the estimated value of growth

options. The value of the growth option is, therefore, expressed by the following

equation
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C =MVE - —— (4.36)

where
MVE is the equity market value
E; is the company’s 12-month trailing after tax earnings.

rg 18 equity discount rate

Kester (1984) and Ottoo (2000) use equation 4.36.
Other researchers examined the optimisation issue in growth options (Roberts,

Weitzman, 1981) or the valuation of investments when they are irreversible (Baldwin,
1982).

4.8 Other Issues

The developed continuous-time option valuation models are inadequate if the
price of the underlying asset V is not continuously observable. Unfortunately in most
real option cases, the underlying asset is difficult to observe. Merton (1998) proposes
specific solution to that problem, as follows.

Suppose the price of the underlying asset is observed at #=0 and then again at
the maturity of the option contract, ¢=T.

In between there is neither direct observation nor inferential information from
payouts on the asset. Hence Dy(V,2)=0, and the derivative security has no payouts or
interim “stopping points” prior to maturity contingent on V(£). Merton(1998) proves
that if the expected value of X(t) equals 1, the variance of InfX(#)] equals to 6%, for all
t<T, the best estimate of V() is SP(z).

However, at t=T, V(T) is revealed and the value of SP “jumps” by the total
cumulative tracking error of X(T) from its value SP at ¢t=T to SP(T)=V(T). The

solution to the equation
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_ 8%SP?F,;[SP,t]
2

0 +r SP F,[SP,t] - rF[SP,t] (4.37)

which is subject to the terminal-time boundary condition that for SP(T")=SP,

F[SP,T] = E{h( SPX )}
with

h(V)=max[0,V-L]

is given by, for O<t<T,

F[S,t] =8P N(u)- Le™™1 xN(u-J}T) (4.38)

where

SpP ¥
In(—)+rT-t)+=
ﬂ(L)r( )2

=

y=82(T-t)+0°T

U=

and
N (.) is the cumulative density function for the standard normal

distribution.

Equations 4.37 and 4.38 are developed by Merton (1998).

The key difference in the option-pricing formula with and without continuous
observation of the underlying asset price is that the variance over the remaining life of
the option does not go to zero as ¢ approaches 7', because of the “jump event” at the
expiration date corresponding to the cumulative effect of tracking error. Being more
precise, equation 4.38 reduces to the classic Black-Scholes if we replace SP with V, u
with d and y with 6*(T-).

Merton (1998) proves also that developed option pricing models apply even in
assets that are not traded. He argues that in all equilibrium asset-pricing models,
assets that have only non-systematic or diversifiable risk are priced to yield an

expected return equal to the riskless rate of interest. The condition satisfied by the

111



Chapter 4 Real Option Theory

tracking-error component of the hedging portfolio satisfies an even stronger no-
correlation condition than either a zero-beta asset in the CAPM, a zero multibeta asset
in the ICAPM, or a zero risk-factor asset of the Arbitrage Pricing theory. He proves
that the equilibrium price for the derivative security is the same as if the underlying
asset is traded continuously. Therefore, the Black-Scholes formula would apply even
in those applications in which the underlying asset is not traded. Merton (1998) argues
that as is well known from the literature on incomplete markets, the equilibrium
condition need not be obtained if the creation of the new derivative security helps
complete the market for a large subset of investors. Markets tend to remain
incomplete because the cost of creating the securities necessary to span that risk
exceeds the benefits, or because non-verifiability, moral hazard, or adverse-selection
problems render the viability of such securities untenable. Generally, in those cases,
major macro risks are not controllable by a specific group of investors and it is
unlikely that any group would have a systematic access to materially better
information about those risks. Merton (1998) notes that in most applications of the
option pricing model tracking-error variations are likely to be specific to the
underlying project, firm, institution, or person and thereby they do not normally
represent macro-risk, so these observations support the prospects for risk equilibrium
condition to obtain.

Also, although the use of a geometric Brownian motion as a model for V is
convenient, in many cases may not be realistic. In the case of projects whose output
are commodities or in periods where the share market is overvalued or undervalued,
the assumption that V follows a mean-reverting process is more appropriate.
Moreover, as Dixit and Pindyck (1994) prove, the combined Brownian motion and
jump process could better describe a situation in which a company has a patent that
gives it the option to invest in a project whose value is V, but other companies are also
doing research which, if successful, will allow them to invest in a similar project. If
and when one of these competitors is successful, the resulting competition will reduce

profits and consequently reduce V.
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4.9 Conclusions

The chapter provides an illustration of the theoretical developments in real
option pricing,. Initially the development of financial option pricing, that provides the
fundamentals of real option valuation, is examined. Then both the development of
discrete-time and continuous-time valuation models in the area of real options is
examined. Initially an incremental investment approach has been developed to value
the option to abandon for salvage value. The option to abandon is valued either as an
exchange option, or as a put option. When valued as an exchange option the
underlying assets are the expected value of the project and the salvage value. When
the option to abandon is valued as a put option, salvage value is used as strike price
while the expected value of the project is the underlying asset. The option to default is
valued also either as an exchange option or as a put option. When valued as an
exchange option the underlying assets are the expected value of the company and the
value of debt. The option to default is valued as a put option, assuming the strike price
is the value of debt while the value of company assets is the underlying asset. On the
contrary, growth options and options to expand are valued as call options, using
investment outflows as strike price and expected project cash inflows as underlying
assets. Since the price of the underlying assets of real options is claimed to be not
continuously observable, recent research gives attention to formula adjustments for
non-observable assets. Although research in mathematical formulation of real options
has been enormous, the interest in the empirical investigation of real option valuation

has been scant. The next chapter examines prior empirical evidence in that area.
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CHAPTER FIVE

PRIOR RESEARCH ON REAL OPTIONS
AND COMPANY VALUATION

Although the mathematical formulation of real option models has received
considerable attention, the empirical testing of such models has been more limited.
Nevertheless, the empirical work that has been reported to date on real options not
only investigates the effect of real options on corporate value, but it also considers the
fit between theoretical and market valuation practices and the significance of real
options in investment decisions. So far, however, the study of real options has not
adopted an integrated applied valuation approach by taking into account such factors
as the market response to real option signalling or the potential role of real options as
additional explanatory factors in contemporary valuation models. Bearing this in
mind, the present thesis attempts to apply established theoretical approaches in real
option valuation to the assessment of stock market values in this context.

Chapter 5 first provides a review of recent empirical research on real options,
and then considers relevant research into the market pricing of company equity, first
with respect to the comparison of pre- and post-announcement prices when real
options are announced or otherwise signalled and, second, with regard to
contemporary approaches to establishing the firm’s market value such as residual

income analysis.

5.1. Real options

Growth options have attracted most of the interest of real option researchers,
and this is probably because their economic significance is so great by comparison
with other types of real option. The first evidence that growth options account for a
significant part of company value is provided by Kester (1984) who defines real
option value as excess market value (that is to say market value less a normative

valuation based on the Price/Earnings multiple) in order to estimate the value of
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growth options among large US companies. The results show that 60%-76% of the

total value of leading companies in the electronics sector and 61%-77% in the

computer sector is due to the existence of corporate growth options. Kester’s study

looks at fifteen leading U.S. companies belonging to five main sectors, not only in

electronics and computers, but also in food processing, chemicals and tires and

rubber, and, although the latter are less high-tech sectors, it was still the case that a

considerable proportion of corporate value could be attributed to growth options — at

the time, these made up nearly 55% of total value in chemicals, 40% in tires &

rubber and 25% in food-processing. Table 5.1 illustrates the findings of Kester

(1984).

Table 5.1 : Growth option value as a component of market value

P »

'g. e _E’ Percent of

22 E | Capitalized value of | Estimated market

o2 3 earnings using value of value
Industry Firm g 'E p) various discount growth represented

Sn *g rates options by gl_'owth

E 3 ‘5 options

5 g

= < | 15% | 20% | 25% | Min | max | Min | Max
Electronics | Motorola 5250| 210| 1,400| 1,050| 840| 3,850 4.410] 73%| s84%
>> Genrad 550 17| 113 85 68| 437| 482 79%| 88%
>> RCA 2200| 240| 1,600| 1,200 960| 00| 1240| 27%| 56%
ggg‘;ﬁ;@fml Apple Computers 2000 99| 60| 495| 396| 1,340| 1,604| 67%| 80%
>> Digital Equipment 5600 | 285| 1,900| 1,425| 1,140| 3,790 | 4,550| 67%| 80%
>> IBM 72,890 | 5,465 | 36,433 | 27,325 | 21,860 | 36,457 | 51,030 | 50% | 70%
Chemicals Celanese 1,010 78 520 390 312 490 698 | 49% | 69%
>> Monsanto 4260| 410| 2,733| 2,050| 1,840| 1,527 | 2,620| 36%| 62%
>> Union Carbide 4350 280| 1,867| 1,400| 1,120| 2,483 | 3,230| 57%| 74%
L and Firestone 1000 88| 587 440| 352 503| 738| 46%| s8%
>> Goodyear 2,520 300| 2,000| 1,500| 1,200| 5&20| 1,320| 21%| s52%
>> Uniroyal 400 47 313 235 188 87 212 22% | 53%
Efo‘;de csing | Carnation 1,790 | 205| 1,367 1,025 @820| 423| o70| 24%| 54%
55 ggggg"dated 1190 171| 1,140| 855| e84| 50| 808| 4% | 43%
>> General Foods 2,280 | 317| 2113 1,585| 1,288| 167 1,012| 7%| 44%

Source: Kester (1984)
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More recently, the effect of growth options on US companies in selected
sectors, i.e. biotechnology, computers, pharmaceuticals, automotive, tires & rubber
and the internet, has been examined by Ottoo (2000).

Like Kester (1984), Ottoo (2000) defines real option value as excess market
value. However, instead of using a Price/Earnings multiple, two forms of the
Price/Book Value ratio are used to estimate the value of growth options’, specifically
the excess market value of the firm as a whole and the excess market value of its

equity, expressed by the following equations.

(MVA-BVA)

EMVA = (5.1)
MVA

and

EMVE = (MVE - BVE ) (5.2)
MVE

where

EMVA is Excess market value of the firm
MVA is Market Value of the Firm

BVA is Book Asset Value

EMVE is Excess Market Value of Equity
MVE is Market Value of Equity

BVE is Book Value of Equity

These more recent findings, illustrated in Table 5.2, show that growth options
account for 98% of the equity market value of the internet companies examined, 83%
of biotechnology companies, 77%-91% of computer producing companies, 83%-92%

in pharmaceuticals, 0%-65% of car producers and 9%-59% of company value in tires
& rubber.

! Both P/E and P/B ratios are used by Chung and Charoenwong (1991) to proxy for growth options.
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Table 5.2 : Estimated values of growth opportunities

. lue | Excess M t value
ity Fam Eﬁ?ﬁ: ?;I:rrllzng;m of Equitsrz(.gm VE)
Internet Amazon.com 96.30% 99.20%
>> America Online 96.80% 99.10%
>> Ebay 99.10% 99.10%
Biotechnology Genentech 72.20% 76.90%
>> Amgen 86.40% 90.40%
>> Biogen 85.00% 88.20%
Computer IBM 56.80% 88.50%
>> Microsoft 93.50% 95.20%
>> Sun Microsystems 82.30% 89.10%
Pharmaceutical Johnson & Johnson 77.60% 87.90%
>> Merck 82.10% 92.70%
>> Pfizer 88.90% 94.60%
Automotive Ford -16.10% 67.40%
>> General Motors -59.60% 68.00%
>> Navistar Int'l -54.00% 59.30%
Rubber & tire Bandlag inc 22.80% 48.70%
>> Cooper T&R 12.60% 76.60%
>> Goodyear T&R -7.60% 52.40%

Source : Ottoo (2000)

The findings reported in Ottoo (2000) are important not only because they lead
overall to similar conclusions to those arrived at by Kester (1984) but also because the
research design uses different growth option valuation metrics and still points to the
high potential relevance of real options in company valuation.

For example, Kester finds that a significant proportion (61%-77%) of the
value of computer companies is attributed to growth options, and Ottoo (2000)
provides confirmation of this, estimating that 77.5% of computer company value is
attributed to these options. The comparability of the two studies is not always so clear,
however. In another sector (tires and rubber), while Kester (1984) finds that a lower
proportion of 30%-58% of the company value is attributed to growth options, Ottoo
(2000) finds that only 9.3% is attributed to these options, which is particularly low.

Nevertheless, although the results are not always the same at the sector level,
when aggregated data are used, the two papers come to very similar conclusions, as
mentioned above. The results from the comparison of pooled data from Kester (1984)
and Ottoo (2000) are illustrated in Table 5.3. On average, 58% of the value of the
companies examined by Ottoo (2000) is accounted for by the value of their growth

options, which falls in the range of 42%-65% reported previously by Kester (1984).

117



Chapter 5 Prior Research on Real Options and Company Valuation

Table 5.3: Growth options and market values in selected sectors

Study Kester (1984) Kester (1984) Ottoo(2000) Ottoo(2000)
Metrics P/E (min value) P/E (max value) Eﬁ?ﬁ: :{I:r:]({;:ﬁ\ﬂ;‘e E’é(;eé':u’;f: zlg;\l.%ue
Internet 97.4% 99.1%
Computer 61.2% 76.7% 77.5% 90.9%
Electronics 60.0% 76.0%
Chemicals 471% 68.3%
Phamaceutical 82.9% 91.7%
Biotechnology 81.2% 85.2%
Automotive - 0.0% 64.9%
Rubber & Tire 29.5% 57.7% 9.3% 58.6%
Food processing 11.7% 47.0%
Average 41.9% 65.1% 58.0% 81.7%

The similarity between the conclusions arrived at by Kester and Ottoo
suggests that growth options account consistently for a high proportion of company
market value, at least in the sectors examined. However, other papers (Schwartz and
Moon, 2000, Kellogg, Charnes and Demirer, 1999, Paddock, Siegel and Smith, 1988
and Howell and Jagle, 1997) are in conflict with these findings, arguing that the high
market valuations cannot be attributed fully to real options.

In a case study, Schwartz and Moon (2000) examine the valuation of
Amazon.com, a leading company in the internet sector, and conclude that only a small
part of the company's market value can be explained by real option theory.

More detailed evidence is provided in a research paper on option valuation in
- the biotechnology sector, showing how changes in assumptions about the underlying
real option seem to have widely differing valuation implications (Kellogg, Charnes
and Demirer, 1999). In another case study of a single firm, these researchers applied
the real option methodology to evaluate Agouron Pharmaceuticals Inc., and found that
the theoretical methods valued Agouron relatively well when all the projects were in
the early phase of development. They compute the company value as the sum of the
values of its current projects using decision-tree analysis and the binomial method. On
30™ June 1994, at the time Viracept was undergoing pre-clinical trials, the stock price
deviation from the predicted value computed with method A (DTA analysis) and
method B (the binomial method) was 23.4% and 19.8% respectively. Similarly, on
20™ October 1994, at the time the company announced that Viracept would begin
trials, the stock price deviation from the predicted value with method A and method B

was only 1.3% and 4.3%, respectively. However, the stock price deviation from the
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growth option theoretical values became significantly larger (28%-56%) during the
following years.

The authors believe that the investors might have assumed that the duration of
the second phase would be shorter than average, due to the political pressure on the
health authorities to approve drugs for HIV positive patients. They also consider that
investors may have predicted a different probability distribution for the revenue, or
that the market assumed a probability of approval for Viracept greater than for an
average drug. The researchers conclude that the real options approach works well, by
using average assumptions when projects are in the early phase of development.
However, as projects move through the development process, more specific
assumptions regarding the probability of success, market size and the timing of

product launch are required in order to reflect the value of the firm accurately.

Table 5.4 : Valuation of Agouron Pharmaceuticals stock using
decision tree and binomial lattice methods

Date 30/6/1994 | 20/10/1994 | 30/6/1995 | 30/6/1996 | 23/12/1996

Actual stock price* 5.63 5.63 11.81 19.5 33.8

Predicted price based on decision tree
analysis (Method A)* 4.31 5.7 717 10.26 15.05

Predicted price based on binomial
method (Method B)* 4.51 5.81 8.51 10.44 15.45

Deviation between actual price a 5 o o
ane Mothiod:A -23.4% 1.3% -39.3% -47 4% -55.6%

Rﬁé'i‘jg’gé’sg"’ee” astug] price -19.8% 4.3% -27.9% -46.5% -54.4%

*in USD. Source : Kellogg, Charnes and Dermnirer (1999)

Other researchers provide evidence in the more specific context of offshore
petroleum leases (Paddock, Siegel and Smith, 1988; Howell and Jagle, 1997).
Twenty-one tracts in the Western and Central positions of the Gulf of Mexico are
examined by Paddock, Siegel and Smith (1988) who value the offshore leases as
growth options. To derive theoretical option valuations, Paddock, Siegel and Smith
(1988) make assumptions about the future gas price and they then compare the option
valuation against two summary measures, (i) the value arising from the use of DCF
analysis by the authorities and (ii) the industry bid value.

As illustrated in Table 5.5, which reports the results that are obtained when the

gas price is assumed to be high, mean option values approximate the highest (i.e.
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winning) bid values better than DCF values do - the mean difference between option
values and actual winning values is USD 10.75 million, while the mean difference

between theoretical DCF values and actual winning values is USD 14.02 million.

Table 5.5: Real option values, DCF valuation and actual bids on

offshore leases
saghtoan | S R | SR s o
%J‘t/i)on Valuation 8.20 9.42 2.06
?‘;scc::!c:))unted Cash Flow Valuation 493 6.32 138
Hf_i’%)h/Winning Industry Bid 18.95 16.07 351
HB -0V 10.75 16.52 3.60
HB - DCF 14.02 16.19 3.53

in USD millions, N=21, gas price =$3 per mcf Source: Paddock, Siegel, Smith (1988)

Also, Table 5.6 shows that correlation between option values (OV) and highest
industry bids (HB), as examined by Paddock, Siegel and Smith (1988), is greater than
the correlation between the DCF values and the highest industry bids. When the gas
price is assumed to be low, correlation between OV and HB is 0.21 while correlation
between DCF and HB is 0.18. Similarly, when the gas price is assumed to be high,
the predictive ability of option pricing theory is also greater than that of DCF as
correlation between OV and HB is 0.24 while correlation between DCF and HB is
0.18.

Table 5.6 : Correlation between real option values, DCF valuation

and actual bids
Panel A : Correlation coefficients assuming gas price is low
Option %'::g l;:;:? High/Winning
Valuation Vv : Industry Bid
aluation
(ov) (DCP) (HE)

Option Valuation (OV) 1
Discounted Cash Flow Valuation (DCF) 0.99 1
Highest Bid (HB) 0.21 0.18 1

Panel B : Correlation coefficients assuming gas price is high

Discounted

Option High/Winning
Valuation C\:Iasl.h F_Iow Industry Bid
(ov) aluation (HB)
(DCF)
Option Valuation (OV) 1
Discounted Cash Flow Valuation (DCF) 0.98 1
Highest Bid (HB) 0.24 0.18 1

in USD mn, N=21, high gas price=$3 per mcf, low gas price=$2 per mef. Source : Paddock, Siegel, Smith (1988)
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Evidence of the economic significance of growth options in the oil sector is
also provided in Howell and Jagle (1997) who report a higher level of agreement
among oil managers than in other sectors with the assumptions required by the real
options framework. However, the study of Howell and Jagle shows less over-
valuation among oil managers of both options to expand and growth options than
managers in other areas.

In general, the findings of Howell and Jagle are in agreement with Schwartz
and Moon (2000), Kellogg, Charnes and Demirer (1999), and Paddock, Siegel and
Smith (1988), each of whom claim that excess market valuations are not fully
justified by real option theory. However, the study by Howell and Jagle indicates
that the difference between observed valuation practices and real option theoretical
valuation is due to the managers’ tendency to overvalue real options, instead of
claiming that other factors explain the excessive valuation.

Instead of using actual bid prices as a benchmark to examine whether option
valuation theory has a higher explanatory power than DCF, Howell and Jagle (1997)
use empirical valuations of hypothetical cases. That is to say, these authors asked
managers in the nine leading UK companies in the oil, aerospace,
telecommunications, pharmaceuticals and brewing industry (82 managers in total) to
take hypothetical decisions on a series of investment case studies. Each of the 14
case studies required the managers involved to evaluate an option to expand. As
illustrated in Table 5.7, in all but two cases (Ag, A7), theoretical option values
provide better predictions of empirical valuations than DCF values. In particular, real
options provide better predictions in all the cases of ‘out-of-the-money’ options (A;-
As, Bi-Bs, C1-C,), while in two out of the four ‘in-the-money’ options, DCF gives
equal or better prediction of empirical valuations. Notably, real option valuation fails
in cases where NPV is high (NPV is equal to 15 and 20 respectively) compared to
the rest of the examined cases, indicating that real options are value relevant
whenever NPV is incremental. For four case studies, the theoretical option value line
lies inside the 95% confidence interval around the empirical data and for three other
case studies it lies only slightly above the upper 95% confidence interval. For the
remaining cases, theoretical values do not predict empirical values. This might
appear to suggest that the respondents’ intuition is compatible with real option

theory, under the particular conditions of the experiment, but there is only a weak

121



Chapter 5 Prior Research on Real Options and Company Valuation

and approximate correspondence between management intuition and theory. Indeed,
Howell and Jagle (1997) conclude that “on average, the respondents overvalue the

cases by 78% of the theoretical option value”.

Table 5.7: Hypothetical project valuations and real options
(Source: Howell and Jagle, 1997)

Out of the money In the money Out of the money

Case studies: | A4 A | Az | Ags | As | Ag | Ay | By B | Bs | Ba | Bs | Ci | Ca

Empirical valuation 0 1id 4 63 | 15 11 14 [ 32 | 65 | 4.8 8 41 | 57 | 941

E';?.%fﬁ'fl?he ov |01]05| 3 |68 11|16 |20 |12]|22|38|46|52| 1 |49
NPV 75| 5| 0|5 |10]|15]|2|0|0|o|lo|o]|o]o
Discrepancy 01 ] 1.2 1 05| 43 | -33 | -6.6 2 4.3 1 34 (11| 47 | 4.2
Er'ﬁggigzgg}’ ovw |133|240 | 33 | 7 | 39 | 21 | -2 | 167 | 195 | 26 | 74 | 21 | 470 | 86
Significance* NS|s|[s| N |s|s|s|s|s|s|s]|s|s|s
Maturity 3 3 3 3 3 3 3 3 3 3 3 3 1 5
PV of CFs 25| 5 [ 10 | 15 | 20 | 25 [ 30 | 10 | 10 | 10 | 10 | 10 | 10 | 10
Volatility 05|05 |05|05|05|05|05|02|03|06|07|08]|03]|06
Intrinsic Value 0 0 0 3 8 13 18 0 0 0 0 0 0 0
Time Value 01|05 | 3 |38 |31 |27 |24| 12|22 |38/|46|52]| 1 |49
Sample size 17 | 18 | 20 |19 |18 | 15 | 177 |17 |12 |16 |17 |17 | 15 | 16

*Significance of the discrepancy between the empirical valuation and the thecretical OV, S=significant discrepancy at
5% level NS=not significant discrepancy at 5% level

So far the studies examined tend to conclude that real options, especially
growth options, are value relevant, although theoretical values frequently understate
maiket valuations.

However, a study by Moel, Tufano (1999) examines real options from the
perspective of investment practices and the extent to which these coincide with the
approach that real option theory prescribes. Using an extended sample (2,056 events)
from South American gold mines they examine whether the changes in gold prices,
gold price volatility, the fixed cost of operating a mine, marginal costs of production,
interest rates and gold reserves are associated with decisions to open or close a mine

in the way that real option theory predicts. The results are illustrated in Table 5.10.
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There are several conclusions that are in accordance with real option theory, as
discussed below.

First, the probability of a mine remaining open increases with the price of gold
and is higher if the mine was open in the previous year (model A in Table 5.8). Also,
increasing volatility is positively related to the probability that an open mine will
remain open (model B). For the mines that closed, increasing volatility is negatively
related to the probability of being open in the next year (it may be noted that, although
a conclusion of the study, this result is in fact statistically insignificant).

With regard to costs of production, as the variable costs of operations increase,
a mine is less likely to remain open, whilst as maintenance costs increase, it is more
likely to remain open (model C).

Finally, increasing reserves implies a higher probability that a mine will
remain open (model D), and it is also the case that, when interest rates are higher,
mines are more likely to stay open (model H).

Overall the study by Moel and Tufano (1999) contributes significantly to the
hypothesis that management practices are generally in agreement with the predictions
of the real option hypothesis. In that sense, the Moel and Tufano study is comparable
to separate research in the electronics sector (Pennings and Lint, 1997) and the IT
sector (Benaroch and Kauffman, 1999).

Pennings and Lint (1997) find jump processes appropriate for the valuation of
R&D expenditure as a growth option at Philips Corporate Research. Although the
growth option approach assigns a higher value to the long term strategic R&D
projects than the traditional DCF models, their results are broadly consistent with
corporate practice.

Benaroch and Kauffman (1999) argue that option-pricing models can be
applied to capital budgeting decisions involving non-traded information technology
assets. The researchers illustrate how the Black-Scholes model can be applied in the
case of a real world IT investment option (combining a growth option and an option
to defer), where significant uncertainties that are not appropriately handled using NPV
analysis are present. The researchers estimate the value of the growth option and
optimal timing of market entry. Their results are also in line with managerial practice,
in this case to defer entry into the POS debit market (for a period of three years which

was later recognised to have been just about optimal).
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Table 5.8: Real options and the likelihood of a mine closures
(Source: Moel and Tufano, 1999)

Mean |Predicted
value Sign A B G D E a a ]
Intercept -2.612 | -3.473 | -1.808 | -3.818 | -0.906 | -2.937 | -1.607 | -3.873
0.000 | 0.000 | 0079 | 0.000 | 0.518 | 0.008 | 0.166 | 0.000
Gold price( in USD) + 0.004 | 0.006 | 0.006 | 0.006 | 0.005 | 0.009 | 0.001 0.01
Nominal : 367.2 0.0016 | 0.0024 | 0.0023 | 0.0022 | 0.0019 | 0.0036 | 0.0004 | 0.0039
Deflated : 337.1 0.021 0.011 0.010 o.012 0.153 0.000 0.888 0.000
iy o":;z“l'a‘ts‘;_';‘r's[:"“’d 012 + 1949 | 2.027 | 2.002 | 1.987 | 3.049 | 1.143 | 3.108
0.777 0.793 0.745 0.763 0.814 0.416 0.83
0.047 0.054 0.052 0.151 0.006 0.364 0.006
Gold volatility interacted
with closed last yr 0.12 - -0.518 | -0.975 | -0.756 | -0.907 | -1.371 | -3.008 -1.389
-0.206 | -0.382 | -0.281 | -0.348 | -0.544 | -0.728 | -0.547
0.575 0.335 0.446 0.512 0.231 0.016 0.230
Fixed costs a ( in USD) + 1.09E-7 5.99E-8 | 7.23E-8 | 8.12E-8 | 7.28E-8
Neminal : 3.66E6 4.27E-8 2.30E-8 | 2.87E-8 | 2.94E-8 | 2.B87E-8
Deflated ; 3.53E6 0.001 0.204 0.080 0.052 0.051
Marginal cost 8 (in
USD/oz) - -0.009 -0.011 | -0.009 | 0.009 | -0.011
Nominal : 203.2 -0.004 -0.004 | -0.004 | 0.003 -0.004
Deflated : 1711 0.000 0.000 0.000 0.000 0.000
Reserves (in 0z) 1.02E6 + 7.36E-7
2.74E-7
0.000
Capitalised cost (M USD)
Interacted with open y-1 s 0.003
0.001
0.229
Capitalised cost (M USD) . 0.001
inter. with closed y-1 ’
0.0004
0.790
Technology T interacted
with open last yr y-1 + -0.007 | -0.111 | -0.114
-0.039 | -0.04 | -0.045
0.475 0.417 0.407
Technology T interacted
with closed last yr y-1 - 0103 | G034 | 0064
0.041 0.034 0.037
0.446 0.488 0.491
10 Year T-Bond rate + 0.324 0.192
0117 | 0.076
0.000 0.057
Gold lease rate - 0.03 0.009
0.011 0.004
0.782 | 0.940
Open last yr dummy y-1 + 2199 | 2488 | 2399 | 2,363 | 2.402 | 2.367 | 2.235 2,281
0.87 0.991 0.939 0.88 0.922 0.94 0.81 0.899
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mine fixed effects No No No No No Yes Yes Yes
N 2056 2056 2056 2056 2056 2056 2056 2056
Pseudo-R® 0.42 0.43 0.5 0.48 0.47 0.56 0.58 0.058
Interpretation of columns Conclusion

A: Models the probability of a mine remaining
open as a function of only the gold price and the
mine's prior state.

The probability of a mine remaining open increases with gold price and the
probability is higher if the mine was open in the previous year. The evidence is in
line with real option theory.

B: Adds gold price volatility to the specification of
column A

Increasing volatility is positively related to the probability that an open mine will
remain open. For the mines that closed, increasing volatility is negatively related
fo the probability of being cpen in the next year, although this result is
statistically insignificant. The evidence is in line with real option theory.

C: Adds predicted nominal fixed and marginal
costs to the specification of column B

As variable costs of operations increase, a mine is less likely to remain open,
and as maintenance costs increase, it is more likely to remain open. The
evidence is in line with real option theory.

D: Shows the effect of increasing reserves on the
likelihood of the mine being open.

Increasing reserves implies a higher probability of an open mine. The evidence
is in line with real option theory.

E: Adds capitalised costs as a measure of closing
and reopening costs.

According to real option theory, as capitalised costs increase, open mines
should be more likely to stay open. In the study, there is no relationship between
these costs and whether a mine is open or closed.

F: Shows the effect of the opening and closing
costs as proxied by mine technology interacted
with variables that capture the prior state.

In the study, there is no statistically significant relationship between opening and
closing costs and the decision whether to close a mine.

G: Adds Interest rates to the specification.

When interest rates are higher, mines are more likely to stay open. The evidence
is in line with real option theary.

H: Adds deflated instead of nominal interest rates

When interest rates are higher, mines are more likely to stay open, The evidence
is in line with real option theory.

* Predicted sign under real option theory

124




Chapter 5 Prior Research on Real Options and Company Valuation

The study of closure potential in South American mining by Moel and Tufano
(1999) indicates that management practices tend to be in line with real option theory,
but a survey by Busby and Pitts (1997) shows that British managers on average
believe that the option to abandon is a not always present and occurs only in less than
40% of investments, as illustrated in Table 5.9. Busby and Pitts conducted an
exploratory survey amongst the finance directors of FTSE 100 firms iﬁ the UK in
order to examine not only abandonment options but whether a range of real option
types occur in capital investments, and also to measure the importance of real options

in influencing investment decisions and the existence of procedures to assess real

options.
Table 5.9: Flexibility in capital investments
(Source: Busby and Pitts, 1997)

Frequency Postponement | Abandonment Rescaling Growth Tgﬁ::i;:'
0-20% 21 49 30 14 43
21-40% 16 28 23 21 29
41-60% 16 9 16 12 12
61-80% 16 9 16 28 10
81-100% 30 5 14 26 7

Note. Underlined cells represent median responses

The Busby and Pitts study indicates a widespread recognition of growth
options, these being evident in most investments (between 61% and 80%;, to use the
authors’ range). Postponement options (for example, the option to invest) are often
present and occur in 41-60% of investments. Finally, 21%-40% of investments
include rescaling options (for example, option to expand). In fact, UK managers find
all of the option types to be of some importance, if not universally present, as
indicated in Table 5.10.

Table 5.10: The importance of flexibility in influencing investment
decisions (Source: Busby and Pitts, 1997)

Importance Postponement | Abandonment Rescaling Growth Tzﬁ::gl
Completely

unimportant 9 7 5 5 .

Not especially

important 37 38 23 23 40
Moderately

important 2 =) 20 33 28
Highly important 26 23 37 37 26
Extremely

important 7 2 8 < s

Note. Underlined cells represent median responses
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An important point to note, however, is that despite the economic significance
of growth options in terms of their value and occurrence in capital investment
projects, there appears to be a lack of business procedures amongst managers in
valuing these options. Indeed, the study by Busby and Pitts (1997) shows that,
although leading UK managers recognise the existence of growth options in about
60% of their investment decisions, only 25% of these managers employs specific
procedures in order to value them. The lack of such valuation procedures may explain
why there is only a weak and approximate correspondence between management
intuition and theory.

With regard to postponement options, the survey conducted among UK
finance directors by Busby and Pitts (1997) indicates that these occur in more than
40% of the cases. Furthermore, abandonment, time to build and switch options are
present in more than 20% of cases on average. However, as in the case of growth
options, not all firms had procedures either to identify or to evaluate other types of
real options. Whilst 43% of respondents had developed procedures to value rescaling
options, only 20% had done so for time to wait options and 14% for postponement

options, as shown in Table 5.11 below.

Table 5.11 : The existence of procedures within the company to
assess real options arising from flexibility in capital investments
(Source: Busby and Pitts, 1997)

Existence of procedures

Postponement

Abandonment

Rescaling

Growth

Yes

20%

14%

43%

25%

No

80%

86%

57%

75%

Source : Busby, Pitts (1997)

In general, where they exist, management practices appear to be in line with
theoretical predictions of what makes a real option valuable. Indeed, Busby and Pitts
(1997) report that few decision-makers disagreed with the theoretical prediction,
whenever exercise cost and maturity period were examined. However, although 90%
of the respondents in the study could recall an investment that had options, and more
than half of these options had been exercised, very few of them had heard of the

terms “growth options”, “real options”, or “operating options” in the sense used in

the research literature. A small proportion (5% of the examined firms) was actually
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in the process of assessing the usefulness of real option theory in investment
appraisal. The researchers conclude that real options play a significant role in
investment decision and investment appraisal, although systematic analysis of such
options is uncommon even among large firms.

In studies that investigate the significance of options to defer, the value
attributed to real options is not examined directly. Instead, the studies in question
investigate whether managerial practice is in line with theoretical models for the
option to defer. As discussed previously, Moel and Tufano (1999) provides evidence
that the real options model is able to predict closure decisions in mining, and there is
further evidence that the option to defer is significant in the POS debit market
(Benaroch and Kauffman, 1999). An important contribution to the valuation of the
option to wait is made by Quigg (1993) who examined the empirical predictions of a
real option-pricing model using a large sample of land market prices in Seattle, USA.
Using data on 2700 land transactions for the period 1976-1979, with properties zoned
to business, commercial, industrial and low- or high-density residential, Quigg found
that a mean premium of 6% of the theoretical land value is attributable to the real
option. Quigg (1993) uses the following equation to estimate real option value when

valuing land:
MV =+ B *IV + B, %OV —1IV)+¢ (5.3)

where
MYV is Market price per Square Foot
IV is Intrinsic Value per Square Foot

OV is Option Model Value per Square Foot

The following table (Table 5.12) indicates a high predictive value for the
option pricing model in that, first, the estimate of the relevant slope coefficient (f;) is
generally close to one in Panel A and, although the authors do not report significance
tests, the ratio of the reported coefficient to its standard error is invariably high.
However, DCF values alone also seem to predict land prices with similar efficiency
(see Panel B), but when the model is extended, the incremental contribution of the

option value over and above the DCF valuation is seen to be highly significant.
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Table 5.12 Land prices, real option values and DCF values

(Source : Quigg, 1993)

Panel A : Market price per square foot =a + f; * Option model value per square foot + ¢
;rg;‘;:y Year N a Std. Error b1 Std. Error R-square
Business 1977 76 0.7355 0.0957 0.7814 0.0179 0.963
>> 1978 64 -0.5551 0.2962 10913 0.0373 0.932
>> 1979 48 0.0919 0.1780 0.9781 0.0296 0.960
Commercial 1977 102 0.6387 0.0900 0.8234 0.0166 0.961
>> 1978 90 -0.8580 0.3470 1.1364 0.0293 0.945
>> 1979 73 1.8306 0.2857 0.7705 0.0304 0.900
Industrial 1977 62 -0.1859 0.1584 1.0786 0.0365 0.936
>> 1978 43 -0.4262 0.1212 1.0973 0.0196 0.987
>> 1979 25 2.0889 0.1367 0.6173 0.0264 0.960
'r-:;?;gz?i::ty 1977 490 -1.4781 0.1864 1.1566 0.0211 0.860
>> 1978 401 -0.3560 0.1079 1.0662 0.0128 0.945
>> 1979 340 0.6242 0.0727 0.8807 0.0068 0.981
::giréj:t?;'ty 1977 224 -0.5059 0.1200 1.1068 0.0146 0.963
>> 1978 336 0.8254 0.3344 0.9001 0.0545 0.449
>> 1979 360 1.1399 0.0818 0.7987 0.0103 0.944

Panel B: Market price per square foot = a + 8, * Intrinsic DCF value per square foot + &
;ygge‘::y Year N a Std. Error b Std. Error R-square
Business 1977 76 0.6609 0.0798 0.9110 0.0171 0.975
>> 1978 64 -0.6102 0.2662 1.1606 0.0354 0.945
>> 1979 48 1.2966 0.1193 0.9666 0.0234 0.974
Commercial 1977 102 1.3372 0.0791 0.7985 0.0163 0.960
>> 1978 90 0.1117 0.3533 1.0826 0.0304 0.935
>> 1979 73 2.1786 0.3027 0.8182 0.0360 0.878
Industrial 1977 62 0.1157 0.1163 1.1502 0.0301 0.960
>> 1978 43 0.6801 0.1481 0.9998 0.0255 0.974
>> 1979 25 2.3146 0.1737 0.5993 0.0349 0.928
Lowdensly | tor 490 1.9440 0.1082 0.9131 0.0080 0.964
>> 1978 401 0.1129 0.1103 1.0307 0.0133 0.938
>> 1979 340 1.3223 0.0656 0.9142 0.0067 0.982
:’23%?&?5“ 1977 204 -0.3230 0.1494 1.1261 0.0189 0.941
>> 1978 336 2.3718 0.2671 0.7261 0.0475 0.412
>> 1979 360 2.6650 0.0762 0.6772 0.0105 0.921

Panel C: Market price per Square Foot = a + , * Intrinsic DCF value per Square Foot +
+ f; * (Option model value per square foot - Intrinsic DCF value per square foot) +&
;!rlg:ec::y veur 4 A Es:'tr%r P Esr';%r Esrtrcc’;r Hisiuaiy
Business 1977 76 0.3412 0.0753 0.9372 0.01361 | 0.69930 0.09605 0.985
>> 1978 64 -0.7711 0.2431 1.1721 0.03203 | 0.37390 0.18748 0.956
>> 1979 48 1.2424 0.4509 0.9700 0.03601 | 0.04240 0.34273 0.979
Commercial 1977 102 0.4839 0.1730 0.8924 0.02261 | 0.78350 0.14528 0.969
>> 1978 90 -1.0618 0.5015 1.1508 0.03611 | 1.32960 0.42118 0.942
>> 1979 | 73 1.4745 0.3358 | 0.8390 0.03356 | 0.64390 0.18164 | 0.898
Industrial 1977 | 62 0.1332 0.0670 | 1.0705 0.01881 | 0.52850 0.04791 | 0.987
>> 1978 | 43 0.3627 0.0746 | 0.9821 0.01211 | 0.63520 0.05281 | 0.994
>> 1979 25 1.4150 0.1651 0.7318  0.03203 | 0.55810 0.06866 0.960
'r'é’s":’dgﬁgg:‘y 1977 | 490 | 0.6630 0.2016 | 0.9679 0.01021 | 0.65370 0.08228 | 0.968
>> 1978 | 401 -0.8380 0.0742 | 0.9719 0.00929 | 1.26780 0.05700 | 0.972
>> 1979 | 340 -0.2634 0.1327 | 1.0217 0.00990 | 1.29620 0.09926 | 0.988
I'_'ggg:rft'l‘aﬁ'ty 1977 | 224 | 00782 01086 | 1.0093 0.01544 | 0.93320 0.06207 | 0.971
>> 1978 336 -0.0537 0.5213 0.9939 0.06778 | 1.51050 0.28259 0.458
>> 1979 360 0.3955 0.1520 0.8963 0.01573 | 1.08430 0.06712 0.954

Note : Intrinsic Value is the value of the property without the value of the option
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Some limitations of prior real options research

One obvious limitation concerning evidence either against or in support of real
option theory is the limited scope of prior research and the small number of research
papers in the area, and there are additional limitations arising from the survey
methodology used and the proxies for real options that have been adopted.

In particular, although past research provides some support for real option
theory, it is apparent that there is insufficient empirical evidence to justify the
application of option pricing theory for project valuation purposes. Only eight
research papers provide some evidence of the use of real options in practice, five of
which were conducted in the United States and two in the United Kingdom.

The surveys made to investigate whether managers use or can use option
pricing theory in project valuation have been conducted generally in major firms, and
cannot be generalised as they have not been extended to large samples companies.
Moreover, Pike (1997) questions the results of the study carried out by Howell and
Jagle (1997), arguing that managers asked for similar experiments had on average
extensive experience within organizations and did not represent the average manager.

The choice of valuation metrics is another area of concern regarding the
design of prior experimental work. Both Kester (1984) and Chung and Charoenwong
(1991) use the Earnings to Price (EP) ratio to derive growth option values and growth
option proxies and, although the use of the EP ratio as a growth proxy is widely used
in financial literature (Lintzenberger and Rao, 1971; Beaver and Morse, 1978:
Damodaran, 1996), there is limited theoretical justification in the published work on
real options. In an attempt to overcome this, Chung and Charoenwong (1991) provide
a rationale for the use of EP ratio as the proxy of growth opportunities, first assuming

that the market equilibrium price of a common stock is expressed by the equation

_EPS N PVGO
r, N

SP (5.4)

where

EPS/ry is the capitalized value of the earnings that the firm would

generate with the assets already in place,
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given that
Vo is the market equilibrium price
EPS] is the earnings per share at time 1 generated from the assets already
in place at time 0,
rq 1s the capitalization rate
PVGO is the present value of growth opportunities
N is the number of shares

The rearrangement of (5.4) yields

%ﬁl =]- (f_:’) (5.5)
where

EPS;N
Ep= S

¢)

Differentiating PYGO/Vy with respect to EP, we obtain

d(2y30 ) =—LdEP(0

Thus the larger the Earnings to Price ratio EP, the smaller the ratio of equity value
accounted for by growth opportunities, ceteris paribus.

As shown earlier, Ottoo (2000) uses Price over Book Value as a real option
value proxy. Although Price over Book Value is also used elsewhere by Damodaran
(1996) as a proxy of growth option value, it lacks the kind of theoretical justification
provided for EP by Chung and Charoenwong (1991). However, recent advances in the
area of valuation have provided a sound approach that is able to fill the gap between
theory and practice by providing the means to examine the impact of real options on
the market value of a company. The next section discusses recent studies that
examine the impact of long term investment on company market value, especially the

residual income valuation studies.
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3.2 The Impact of Long-Term Investment on Market

Value

Research into the impact of long term investment on company market value
follows two different paths in general, one relating to market shocks at the time of
announcements of value-relevant information (often known as ‘event studies’), and
the other concerning the valuation of the firm and the bundle of investments that it
holds (i.e. ‘association studies’). In short, event studies assess the effect of investment
announcements on company value, while association studies measure the relationship
between those investments and the market value of the firm. This thesis attempts to
integrate real option theory into the valuation of the firm, both with respect to the
effect of real option announcements and similar events and, through the residual
income model, the aggregation of real options into the bundle of assets that underlie
the firm’s overall market value. In the rest of this chapter, a brief review is provided

of some of the salient points arising in relevant event studies and association studies.
Event studies and the announcement of new information

Event studies compare prices during an "estimation period"” to prices after the
announcement with a view to detecting unusual or abnormal returns that are not in
line with expectations. The existence of statistically important abnormal returns (the
difference between actual and expected returns) indicates a reaction to the
announcement. In general, the stock market is expected to react positively to
announcements of increases in long term investments. Empirically, the stock market
is known to react positively on average to announcements of the increases in planned
capital expenditure and negatively to decreases in planned capital expenditure, with
the exception of oil and gas exploration (McConell and Muscarella, 1985). Even when
the announcement occurs in the face of an edrnings decline, share price responses to
announcements of increased research and development spending are significantly
positive on average (Chan, Martin and Kensinger, 1990). Abnormal returns however
are not uniform across industries. High-technology firms that announce increases in

R&D spending experience positive abnormal returns on average, whereas
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announcements by low-technology firms are associated with negative abnormal
returns. Besides, as Chan, Martin and Kensinger (1990) also show, higher R&D
spending intensity than the industry average is found to be associated with larger
stock-price increases only for firms in high-technology industries.

Thus, the value significance of the kind of events that surround real option
creation - such as increases and decreases in planned capital investment and changes
in R&D expenditure, or details relating to the nature of related investment projects -
are amenable to testing using an ‘events study’ methodology. However, this may not
capture the long-term impact of new investments on market value®, and in that regard
we need to look towards valuation modelling and the association between the

company’s value and the real options that it holds.
Association studies and the value of the firm

The investigation of the long-term impact of capital investment on market
value becomes conclusive when incorporating factors that consistently affect market
value. Therefore, not surprisingly, recent association studies that examine the value
relevance of a company’s investments also investigate the critical fundamental factors
that affect the market values. This research frequently has led to a dispute over the
simple CAPM model where the beta factor was assumed to drive market returns.

The standard empirical methodology was set down by Fama and MacBeth
(1973), the basic theoretical claim described in FM, resulting from the Sharpe-Lintner
version of the CAPM, simply stating that variability in market betas accounts for a
significant portion of the cross-sectional variability of stock returns at a certain point
in time.

The market relevance of the beta factor is challenged in Fama and French

(1992) who test the following model:

® In most event studies, the estimation period is before announcements.

? Event study methodolo gy may not capture the long-term impact of new investments on market value,
because the effect of investment is not always ex-ante priced correctly. Mispricing of investment might
be attributed to unexpected or not anticipated changes (e.g. to unexpected changes of economic or

political factors or unexpected response from competitors) that affect the outcome of investment or its
prospects.
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R, =0, BETA+ 0, In(MVE) +t, In(ZE )+ o, In(£4 ) + o1, In(£2)+ (5.7)

EPS,(+)

+0(ERdummy) +a, (—5

J+E

where

R; are market returns

BETA is the post-ranking beta of the size-beta portfolio they are in at the
end of June of yeart

MVE is the market value of equity

BVE is the book value of common equity plus balance-sheet deferred
taxes

BVA is total book assets

E, is earnings (income before extraordinary items, plus income-statement
deferred taxes, minus preferred dividends)

if earnings are positive, the EP dummy is zero and EPS(+)/SP is the ratio
of total earnings to market equity

if earnings are negative, the EP dummy is one and EPS(+)/SP is zero.

Their study, which runs a set of regressions to derive slopes of specific
variables on monthly returns of US companies for the period from July 1963 to
December 1990, indicates that size and book-to-market equity capture much of the
cross-sectional variation in average stock returns and they conclude that the relation
between an average return and beta is not reliable. Fama and French sort the data
annually in terms of both size (MVE) and systematic risk (BETA) and estimate
average portfolio slopes which are reported in Table 5.13. The study confirms the
importance of BVE/MVE in explaining market returns (the coefficient of 0.33 and is
1% significant) and the relevance of size MVE, which has a negative coefficient (-
0.13, 5% significant). However most of the relations between EP and average returns
is due to the correlation between EP and BVE/MVE, something that, given the
opposite sign of the leverage measures, BVA/MVE and BVA/BVE, leads to the
conclusion that the effect of EP and the leverage measures is captured by size and the
book-to-market factor.

These findings are further supported by Fama and French (1993) and Fama
and French (1996), who investigate additional critical factors that affect the market
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value. The three-factor risk-return model employed in Fama and French (1993) is
found in Fama and French (1996) to be a good predictive model for portfolio returns.
Pope and Stark (1997) run simulations that indicate that the factors analysed by Fama
and French (1992) - market value, book-to-market value and earnings-to-price - are
strongly associated with asset beta, volatility, level of demand, excess capacity and

expected returns. Their model provides an economic rationale for the Fama and

French (1992) risk factors.

Table 5.13 Size and the book-to-market ratio as predictors of
return (Source: Fama and French ,1992)

R, =abeta+ o, In( MVE )+a; In(EYE )+ ot In(BYA )+ orsin( BYA ) + g (EP dummy )+, (E2o0t) ) 1 g,

beta In(MVE) In(BVE/ In(BVA/ In(BVA/ | EP dummy| EPS(+)/SP
MVE) MVE) BVE)
Beta 0.15
-0.46
Beta, Size 0.37 017
-1.21 -3.41
Size, Book-
to-Market,
Earnings -0.13 0.33 -0.14 0.87
-2.47 4.46 -0.80 1.23
Size,
Assets-to-
Market,
Assets-to-
Book,
Earnings -0.13 0.32 -0.46 -0.08 1.15
-2.47 4.28 -4.45 -0.56 1.57

Notes : Riare Market returns, beta is the post-ranking beta of the size-beta portfolio they are in at the end of June of
yeart, MVE'is the market value, BVE is the bock value of common equity plus balance-sheet deffered taxes, BVA is
total book assets, E is earnings (income before extracrdinary items, plus income-statement deferred taxes, minus
preferred dividends), if eamnings are positive, EP dummy is zero and EPS(+)/SP is the ratio of total earnings to
market equity, if earnings are negative, EP dummy is one and EPS(+)/SP is zero. Examined period: July 1963-
December 1990 ’

Although the Fama and French (1992) approach indicates the determinants of
market risk, it does not provide us with a rationale to estimate the market value of a

firm. The residual income model fills this gap.
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Residual income valuation

According to the Ohlson residual income valuation model (Ohlson, 1989;

Ohlson, 1995), the market value of the firm can be expressed as the summation of the

book value of equity and the present value of future abnormal earnings. This is

expressed by the equation

i+n -RIH-I
MVE, = BVE, + Y E|—*1
(1+r,)

i=t

given that
BVE: = BVE t-1 +Et - NSCFt

RII =Ef —I’dBVEt_I

where
MVE;, is the value of the firm
rq is the discount rate
BVE;is the book value of equity

E; denotes earnings for period t

(5.8)

(5.9)

(5.10)

NSCF; denotes net dividends (dividends less capital contribution) paid at

date t

RI, denotes the abnormal earnings, or residual income, for the period to t.

The time-series behaviour of residual income is described by linear

information dynamics models which provide a link between current information and a

firm's intrinsic value. The Ohlson (1995) linear information dynamics assume that the

time-series behaviour of residual income follows

Rl ;=0 Rl +v, &5,

given that

(5.11)
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vt+1 =Yu i €241

while Feltham and Ohlson (1995) linear information dynamics assume that the time-

series behaviour of abnormal earnings follows
RIt+1 :quI: +C012BVEt TVt €5y (512)

given that

BVE,,; =wyBVE, +v, + &5,

Viewr =V 1V T €341

and

Varrr =V2V2e HE€44g
where
RI; is residual income for period t (RI;= E;— rBVE,;)
Vo V1 V2 18 information other than abnormal earnings
i is the persistence parameter on abnormal earnings RI, ;(0<w;;<I)
@2 the conservatism parameter; (0<cw;;)
@32 18 growth parameter of book value of equity; (0<wz;<1+r)
71,72 is persistence parameter of other information vy, vy, vz respectively
/(0= y1,72<1),

E16E2,E31, E4¢ ATE EITOr tErms

The difference between Ohlson (1995) and Feltham and Ohlson (1995) lies in
the model assumptions. The Ohlson (1995) model assumes that the source of
abnormal earnings is monopoly rents. These may persist for some time, but market
competition will force returns toward the cost of capital in the long run, so the
persistence parameter wy; is predicted to lie in the range 0<w;;<1. The Feltham and
Ohlson (1995) model assumes that the sources of abnormal earnings are not only
monopoly rents but also accounting conservatism. Similarly to Ohlson (1995),
monopoly rents may persist for some time but market competition will force returns
toward the cost of capital in the long run, so the persistence parameter w;; is again

predicted to lie in the range O<w;;<l. Accounting conservatism depresses the
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valuation of assets below their market value, which generates abnormal earnings that

are the result of cost of capital multiplied by the difference between market value and

book value, so @;,<0.

Thus, Ohlson (1995) linear information dynamics combined with residual

income valuation yields the following valuation function where

MVE, = BVE, +o;RI, + B,v,

given that
— oy
& = I+r-wy,
and
ﬁ = I+r
1= (I4r-w, J(1+r-y)

On the other hand, Feltham and Ohlson (1995) linear information dynamics

combined with residual income valuation yield the valuation function

MVE, = BVE, + 0;RI, +0;NSCF, + Bv;, + Byvy, (5.13)
given that
a, = @y
I+r
az =

B(1+r-o,)(1+r-wy,)

ﬁ _ 1+r
Y (14w, )(1+r-y,)

and

I1+r
B:=w
(I+r—oy )(1+r—wy )(1+r-y;)

Therefore, both Ohlson (1995) and Feltham and Ohlson (1995) provide

valuation functions of a firm without requiring either explicit forecasts of future
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dividends or additional assumptions about the calculation of terminal value. In a

regression form, equation 5.13 can be expressed as

MVE, =a) +o;BVE, +a,E, +0a;NSCF, +¢ (5.14)
where a3 should be negative and a; + a3 = -1

Importantly, model 5.14 may be restated in a number of ways so as to examine the

validity of Ohlson dynamics, as below. First, given that
NSCF, =D, -CC,
where
D; are dividends

CC, are capital contributions

then model (5.14) can be restated as
MVE, =0, +0;BVE,; +0,E, +a3D, +0;,CC, +¢ (5.15)
Second, where earnings less dividends is equivalent to Retained profits (RE,), i.e.
E;=D; + RE;
and closing book value (BVC;) may be reconciled to opening book value (BVO;) as
BVC, =BVO, + RE, +CC,
it follows that
BVC,-E,=BVO,+RE,+CC,-D,-RE, =BVO, +CC, - D,

S0

NSCF, =CC, - D, =BVC, - E, - BVO,

138



Chapter 5 Prior Research on Real Options and Company Valuation

Therefore Equation 5.14 can be restated as

MVE, =ay +0;BVO, +0;E; +03(BVC, -E, —-BVO, ) +¢
=0y +(0; —0t3 )BVO, +(0ty —0t3 )E; +03BVC, +€ = (5.16)

=, +0;BVO, +0,E, +03BVC, +¢

for a;' = (as- a3)

and O!z' = (az- a3)

In the context of the present thesis, it is worth noting that in recent research
studies that build on the Ohlson framework, a number of other factors have been put
forward as predictors of part of the unexplained proportion of market value, and tested
accordingly. For instance, given that earnings E can be expressed as the summation of
Earnings before R&D and Advertising expenses plus R&D and Advertising expenses,
equation 5.16 is expressed in Shah and Stark (2001) as

MVE, = o, + 0, A, +0,RD, +o3E, +,BVC, +a;BVO, +¢ (5.17)

where
A denotes Advertising expenses,

RD;, denotes Research and Development Expenses

Shah and Stark (2001) test this model separately for manufacturing and non-
manufacturing firms. They conclude that, on the basis of individual coefficient
estimates, earnings (a3) and closing book value (a4) are generally positive and highly
significant, being in line with the Ohlson residual income model assumptions. As
indicated in Table 5.14, the coefficient of earnings (a3 ) is statistically significant at
the 10% level for all the reported regressions except for the medium-sized
manufacturing firms. The coefficient of closing book value (@) is in all cases
statistically significant. Advertising expenses are a significant explanatory variable
for medium and large non-manufacturing firms, while R&D expenditures are a

significant explanatory variable for manufacturing firms.
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Table 5.14 Significance of advertising and R&D expenses
(Source: Shah and Stark, 2001)

Panel A: Manufacturing Firms

Size o Lo 01 s 7 s &1 ay s R2
Small 5371.43 .73 3.16 a7 57 0.4 20
(.00) (.61) (.00) (-.086) (.00) .72)

Medium | 31954.03 47 3.44 51 1.00 -0.13 51
(.00) (71) (.00) (.05) (.00) (.27)

Large 100767.7 3.85 4.1 3.45 1.25 .03 49
(.00) (48) (.00) (.00) (.00) (.82)

Pooled -3366.12 1.46 6.64 1.44 1.81 .08 18
(.00) (.37) (.00) (.00) (.00) (.54)

Panel B: Non-Manufacturing Firms

Size Clp [+ 81 (s () a3 ay s Hz

Small 8510.71 -3.38 2.85 58 8 27 25
(.00) (.14) (.00) (.00) (.04) (.03)

Medium | 51349.55 6.15 82 59 78 -0.06 62
(.00) (.02) (.47) (.18) (.00) (.63)

Large 1499015 12.61 -0.09 2.65 1.61 -0.03 43
(.00) (.00) (.95) (.00) (.00) (.88)

Pooled 1112.13 13.60 3.37 1.74 1.53 43 A2+
(.17) (.00) (.02) (.00) (.00) (.03)

All regressions are estimated in deflated form using BVC as the deflator. Reported p-values are in parentheses and are

based upon White's (1980) heteroscedasticity-adjusted estimates of coefficient standard errors. *(**) denotes an F-
statistic statistically significant at the 5% (19%) level for the null hypothesis that a,=-a3

The regression coefficient for Advertising expenditures for non-manufacturing

firms in the pooled data is high (13.60) and significant at the 1% level, and that of

R&D expenses is 3.37 which is significant at the 2% level. Overall, the study

indicates the significance of Advertising and R&D expenses in residual income

valuation.

Building on the above, consider next a restricted version of the clean surplus
equation that expresses Market Value as a function of Book Value and Discounted

Future Residual Income (equation 5.9), as follows

MVE, = BVE +HZRE Rl
¢ ¢ 20 (Ter, ) (5.18)

Given that Residual Income can increase at a declining rate 8, the summation

of expected residual income flows can be expressed as
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HZHE[RI,-+;J=(1—5)"RI, (5.19)

i=t

Also, given that

1-6
rk —6

equation (5.18) may be transformed to

MVE , = BVE , + BRI, (5.20)

A less restricted form of this clean surplus equation (Ohlson, 1989) allows for

other control variables, as follows:

MVE , = BVE ,+ B(E,-rBVE ,_; )+7yZ, (5.21)

where
MVE,is the market value of the firm's stock at time t

BVE;is the book value of equity at time t

E:is reported accounting earnings at time t

r is the risk-free interest

(E~rBVEy, ) is abnormal earnings, i.e. residual income RI;

Z,1is a vector of other information variables at time t

Thus, other factors that reflect future value could also be added, and it is this
model that will be developed later in this thesis to account for real options. Elsewhere,
Green, Stark and Thomas (1996) add Research and Development expenditure and
Sougiannis (1994) adds Advertising expenditure. To control for size, all factors are
deflated, including Research and Development expenditures, leading to the following

equation examined in Green, Stark and Thomas (1996) where the deflator is Book
Value:
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MVE, ,-BVE; ,
(%E‘_) ao +a1(BVE} )+O£2(BVE; )+a3(BVE; )+£ (5.22)

Green, Stark, Thomas (1996) also use the following, more extensive, equation

in an attempt to capture other effects on market value

(MVE,-BVE, )
EVE,: : =0y +0q BVE 'sz(BVE )+a3(BVE )+A'IZI +AQZZ +A6‘Z3 (5.23)
Y AZy+ A L5+ N6 Zg +E;
where

MVE;,is market value for firm i six months after the end of year ¢

BVE ;,1is book value for firm i at the end of financial year ¢

RI ;;is residual income for firm i in year t

RD ;;is research and development expenditure for firm i in year t

Z; is the market share possessed by firm i in year t

Z, is the degree of concentration for the industry to which firm i belongs
in year t

Z3 is the ratio of short- and long-term debt to shareholders' equity plus
reserves for firm i in year t

Z4 is the ratio of short- and long-term debt to shareholders' equity plus
reserves for the industry to which firm i belongs in year t

Zs = (Zs-Zs)

Zg is the average variance of the stock returns for firm i for the four

quarters ending in the quarter of the financial year-end.

Although the work of Green, Stark and Thomas indicates that the coefficient
of Debt/Equity As is significant, the overall inclusion of additional explanatory
variables does not increase the fit of the regression. Instead, residual income, book
value and R&D expenditures are sufficient variables to account for excessive

market value.
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Table 5.15 Deflation by book value
(Source: Green, Stark and Thomas, 1996)

(MVE ,,~BVE ;)
BVE ;,

- 1 Bl Eos?
=0, + 0y BVE +a2(BVEI_,‘ )+oc3(BVEU Y+ Az +

+)b212 +A:323 +I’{-4Z4 +/15z5 +/16Z6 + Si!

ag ay az as At Az Az A As As R?

0.91 4971.3 477 4.84 -1.09 0.10 1.99 -0.44 0.85 -0.02 0.917
1.79 2.59 15.47 82.67 -1.39 0.23 4.56 -0.57 1.64 -1.76

[2.36] | [1.67] | [9.42] | [48.50] | [1.72] | [0.26] | [3.77] | [-0.62] | [2.01] | [-2.03]

0.86 4301.1 4.65 4.86 0.914
8.63 2.51 15.07 82.01

[9.95) | [1.54] | [8.03] | [47.85]

Notes : MVE;; is market value for firm i six months after the end of year t,BVE;is book value for firm i at the end of
financial year t, Rl is residual income for firm i in year t,RDy; is research and development expenditure for firm i in
year .z, is the market share possessed by firm i in year .2, s the degree of concentration for the industry to which
firm i belongs in year t,zs is the ratio of short- and long-term debt to shareholders' equity plus reserves for firm i in
year t,z4 Is the ratio of short- and long-term debt to shareholders' equity plus reserves for the industry to which firm i
belongs In year t, zs is (zs-24)* 25 Is the average variance of the stock returns for firm i for the four quarters ending in
the quarter of the financial year-end. Time Period 1990-1992

Residual income can also be equal to a summation of other factors. Stark
(2000) defines expected residual income as a summation of present value and the

value of an option to wait or to invest. In other words

RI =V -OVWI (5.24)
where
V is present value of a firm

OVWI, is the value of option to wait or invest

Similarly, Pope and Stark (1997) extend equation 5.18 to incorporate the value of real

options as
MVE = 2 MVAP + 2 ovI (5.25)

where
MVAP is the value of assets in place and

OVI is the value of option to invest.
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Both equations 5.24 and 5.25 provide approaches that help to link residual
income with real options. However, in principle, the less restricted form, expressed in
equation 5.12, provides the ability to integrate existing models by simply
incorporating new z-factors. In the context of R&D expenditure, Sougiannis (1994)

utilises the Ohlson equation 5.21, which is restated as

MVE, =BVE, + B(E, -rBVE,_; )+VYZ, (5.26)
where

BVE;is the book value of equity at time t

E,is accounting earnings at time t

(E~rBVE,;) is residual income

Z:1s a vector of other information variables at time t,

In this case, the reported accounting earnings can be re-expressed as
E, =EBRD,(1-7,,)+RD,t 4, — RD, (5.27)

where
EBRD ,is earnings before R&D expenditures at time t,
RD; is R&D expenditures at time t

Ta, 18 the firm's tax rate at time t

Sougiannis scales the earnings equation by net capital stock and the valuation
equation by the book value of equity so as to mitigate heteroscedasticity and by using
a natural log of examined variables in the valuation equation so as to reduce

skewness.

The empirical equations that are estimated are the following

qu, BVEE,, (EBRDA (I, , }-rBVE,,~1) RD, 7
BVEf )= O‘(BVE; )+ By( BVE},t)_i_/BI B;Ea + B BVE, (5.28)

Eﬁ3l B arf

and
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EBRDA, _ q BVE, 4, »
BV&,' =0y BVE, +0 BVE,, ~+ 0 BVE, +20531 BVE, - (5.29)

where

EBRDA ;;is earnings before advertising and R&D expenditure by firm i at
time t,

BVE;, is net capital stock of firm i at time t, measured as the sum of the
inflation-adjusted net book value of property, plant and equipment,
the inflation-adjusted value of inventories and the inflation-
adjusted value of recorded intangibles,

A;r  denotes advertising expenditure of firm i at time t,

RD;;; denotes R&D expenditure of firm i at time t-1

If the theory is correct in the developed model based on equation 5.28, S,
should not be different from zero and f; and f, should be positive. Indeed, P is not
different from zero, fi; is equal to 2.757 (significant at the 1% level) and f; is equal to
3.321 (significant at the 1% level), giving an indication that both residual income and
R&D expenditures are important explanatory variables (Panel A, Table 5.16).

The findings of Panel A are important because the early work of Sougiannis
(1994) has shown the importance of R&D as an explanatory variable, and has drawn
the attention of other researchers who now follow a similar methodology in

investigating residual income valuation.
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Table 5.16 R&D expenditure and residual income
(Source: Sougiannis, 1994)

Panel A: R&D expenditure and residual income
MV, \ _ 1 BVE,; (EBRD; ,(1-%,, )-rBVE,,_ ;) RD; ;.
In( BVET,‘ )=a( BVE,, )+ ﬁa BVE,-_: )+ ﬁ: e i ﬁz -t

BVE; BVE,,
—_ R'Dj,t—.!
- Z ﬁa,i BVE,, T &,

o Bo B1 B2 ZBs, R*-adj Bz
Mean 0.222 -0.055 2.757 3.321 -0.092 0.32 0.564
T-Ratio 0.366 -0.659 6.453 7.539 -0.185 1.227

Notes: EBRDy is earnings before R&D expenditures of firm i at time t, BVEx Is net capital stock of firm i at time t,
measured as the sum of the inflation-adjusted net book value of property, plant and equipment, the inflation-adjusted
value of inventories and the inflation-adjusted value of recorded intangibles, RDy, is R&D expenditures of firm i at
time t-I. Period 1975-1985.

Panel B: Advertising, R&D expenditure and residual income

EBRDA;, _ 1 BVE,, A RD, .
BVE,, — &y BVE,, tQ, BVE, , T, BVE;, +2a3,l VE;, t&;.

:ﬂa'f*RDr Mean
«/BVE; | Lag

0.126 | 0.077 | 1.162 |0.286 | 0.408 | 0.449 |0.400 | 0.290 | 0.190 | 0.080 | 2.083 3.4
1.999 | 13.441| 36.704 | 5646 6.475| 13.508 | 9.476| 3.942| 3.729 | 2.341

C
o ay az Qs 32 a3,3 a34 U35 Q36 Qa7 R-adj

0.63

Notes : EBRDA,is earnings before advertising and R&D expenditures of firm i at time t, BVE ;;is net capital stock of
firm i at time f, measured as the sum of the inflation-adjusted net book value of property, plant and equipment, the
inflation-adjusted value of inventories and the inflation-adjusted value of recorded intangibles, A i, is advertising
expenditures of firm i at time t, RDy,. is R&D expenditures of firm i at time t-I. Period 1975-1985

Panel B illustrates the findings when advertising expenses are incorporated as

an explanatory variable together with yearly R&D expenditure over 7 successive

years, again with significant results.

In related work on R&D, Lev and Sougiannis (1996) run the Fama-French
(1992) regression and extend it by adding an estimate of capitalised R&D. In

particular, they run the following regression

— BVE BVA
Ri,z+ =0, i + 0y, J ﬁi,r + o, j InM VE,: +O£3, i ln(m)i,r i+ 0y l B_"VE):;z +

(5.30)
+0s; (%)i,; +0 j(E/MVEdumm-))i,t T, In(ys Dis T €

where
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R;; are monthly stock returns of firm i, starting with the 7th month after
fiscal t year-end, j=1,..,12

Bicis CAPM-based beta of firm i, estimated from 60 monthly stock returns
up to month t (one month preceding the return calculation); a
minimum of 24 months is required

MVE;, is the market value of firm i, calculated as price times number of
shares outstanding at t

BVE/MVE;, is ratio of book value of common equity plus deferred taxes
to market value of equity of firm i at fiscal year-end

BVA/BVE;; is ratio of book value of total assets to book value of common
equity of firm i at fiscal year-end

E(+)/MVE;; is ratio of positive earnings before extraordinary items (plus
income-statement deferred taxes, minus preferred dividends), to
the market value of equity of firm i at fiscal year-end; this variable
is set equal to 0 when earnings are negative

E/MVE dummy;; is set 1 if earnings of firm i for fiscal t are negative, and
0 otherwise

RD/MVE;, is estimated capitalized R&D over market value of equity at

year end

They apply the instrumental variable method by running a two-stage® least
squares regression’. The study provides evidence that R&D investments are
associated with profit increases. Benefits for a single dollar of R&D investments
range from $2.628 for Chemicals and Pharmaceutics to 1.663 in Machinery and
Computer Hardware, implying 15%-28% annual internal rate of return (operating

income) of R&D investment. On average, a one-dollar increase in R&D leads to a

* In the first stage, for every year and two-digit industry, firms' scaled R&D expenditures (RD/S) are
cross-sectionally regressed on the industry R&D level (IRD/S): (RD/S) = a +b(IRD/S)+ u . In the
second stage fitted values are used in the main regression they run, substituting for the actual value of
(RD/S). A similar procedure is used to estimate Operating earnings to tangible capital, advertising
intensity, and the R&D lag structure, for each year. The reason for the cross-sectional estimation of the
main regression coefficient is that data limitations preclude an efficient estimation from individual
firms' time series.

% They scaled variables by total sales so as to mitigate heteroscedasticity and they use the instrumental
variable method to account for simultaneity issues. Simultaneity issues arise when a shock to the
regression residual affects both the dependent (output) and one or more independent variables (capital),
the latter correlated with the residual term, leading to inconsistent regression estimates. In their model,
R&D investment variable is statistically significant and improves the model's predictive ability.
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2.083 dollar increase in profit over a seven-year period and a 5.561 increase in market
value. They conclude that "R&D capitalisation yields statistically reliable and

economically relevant information".

Table 5.17 R&D expenditures and the Fama-French model
(Source: Lev, Sougiannis, 1996)

— BVE BVA
R =0, +a1,jB:‘,r +o, ; In MVE,, ta;; In( g ), o, In( 55 ), +

E(+)
+ag,( vas Dy ad,j(%VEdummy )i T, In( 5% )i,t +E

Panel A :Total Sample

in n E/MVE n T
Intercept | B | "MVE | svemve | Bvasve | EVMVE | ummy | (momvey | REac
0.0251 |-0.0012| -0.0014 | 00033 | -0.0007 | 0.0002 -0.0030 0.036
5.95 066 | 274 2.90 -0.52 0.02 1,46
0.0285 |-0.0014| -0.0013 | 0.0022 | -0.0013 | 0.0022 -0.0031 0.0015 0.042
6.32 079 | 261 1.91 -1.00 0.27 -1.58 3.10
Panel B: Upper Quartile
In In E E/MVE In
Intercept | B | WMVE | gyemve | Bvamsve | mive dummy (ROMVE) | R-adj
0.0303 |-0.0009| -0.0019 | 0.0043 | 00021 | -0.0181 -0.0072 0.053
4.12 030 | 276 2.44 0.70 -0.87 -1.60
0.0474 |-0.0011| -0.0014 | -0.0051 | -0.0082 | -0.0231 -0.0102 0.0114 0.056
5.91 041 | -199 | -152 | 212 | -1.09 2.25 3.88

Notes : Ry; are monthly stock returns of firm |, starting with the 7th month after fiscal t year-end, j=1,..,12,

Bt is CAPM-based beta of firm i, estimated from 60 monthly stock returns up to month t (one month preceding the
return calculation); a minimum of 24 months is required, MVEy is the market value of firm i, calculated as price times
number of shares outstanding at t, BVE/MVE; is ratio of book value of common equity plus deferred taxes to market
value of equity of firm i at fiscal year-end, BVA/BVEy is ratio of book value of total assets to book value of common
equity of firm i at fiscal year-end, E(+)/MVEy is ratio of positive earnings before extraordinary items (plus income-
statement deferred taxes, minus preferred dividends), to the market value of equity of firm i at fiscal year-end; this
variable Is set equal to 0 when earnings are negative, EIMVE dummy; is set 1 if earnings of firm i for fiscal t are
negative, and 0 otherwise, RD/MVEy s estimated R&D capital over market value of equity at year end

Similarly to Lev and Sougiannis (1996), Akbar and Stark (2001) include R&D
expenditures, but incorporating it instead in models 5.14 and 5.15. They run the
following set of regressions to estimate the impact of dividends and capital

contributions on the value of UK firms in 1990-1998 period:

MVE, =ay +a;BVE, +a,E, + o;RD, +ay,NSCF, +¢; (5.31)
MVE, =y +0;BVE, +a,E, +o3RD, +ayD, +0,CC, +¢; (5.33)
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They find that one pound increase in R&D expenses results in 8.98 up to 10 pound
increase in Market Value, depending on the set of factors included in the model.
Dividends are found to be a positive and significant factor (the coefficient varies from
13.03 to 17.04), while capital contributions are found to have a significant negative
effect on market value. Earnings are also found to have a positive though less
significant impact when dividends are included as a separate factor in the model.
Finally, the book value of equity is found to contribute positively (the regression

coefficient varies from 0.88 to 1.92) and is significant in all examined regression

models.

Table 5.18 Net dividends, capital contributions and dividends
(Source: Akbar and Stark, 2001)

MVE, =a, +a;BVE, +0,E, +a;RD, + a,NSCF, +¢;,
MVE , =0, +0;BVE ; +0,E, +a3;RD, +a, D, + &,

MVE, =, +o;BVE, +0,E, +o3RD, + 04D, +a,CC, +&;,

@ | a I az | as | as | an | @@ | R |
Panel A : Sales as deflator

1899.71 1.32 Ad 9.39 -1.12 .37
(.00) (.00) (.26) (.00) (.00)

2119.96 1.25 -1.17 10.56 13.31 .36
(.00) (.00) (.01) (.00) (.00)

1882.56 .92 -.63 8.73 16.03 -1.36 41
(.00 (.00) (.00) (.00) (.00) (.00)

Panel B : Number of Shares as deflator

881.90 .80 3.90 9.39 -.93 32
(.00) (.00) (.00) (.00) (.00)

1405.52 34 1.55 7.29 16.93 .44
(.07) (.00) (.00) (.00) (.00)

1314.15 .30 1.73 8.77 16.46 -1.27 A7
(.00) (.02) (.00) (-00) (.00) (.00)

Panel C : Opening Market Value as deflator

1116.84 .81 1.38 6.96 -1.07 -75
(.00) (.00) (.00) (.00) (.00)

1364.61 A4 18 6.06 14.88 -52
(.00) (.00) (.04) (.00) (.00)

1235.88 37 .31 5.74 14.64 -1.28 -.37
(.00) (.00) (.05) (.00) (.00) (.00)

Panel D : Opening Book Value as deflator

2357.37 1.92 1.40 10.00 111 15
(.00) (.00) (.00) (.00) (.00)

2702.14 1.05 .40 9.73 17.00 24
(.00) (.00) (.08) (.00) (.00)

2339.01 .88 53 8.98 17.04 -1.61 28
(.00) (.00) (.02) (.00) (.00) (.00)

Note : P-values are.in parentheses. Time period :1990-1998
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Real options and the residual income approach

As the above review demonstrates, the residual income valuation approach has
provided a framework within which researchers have been able to evaluate the value
relevance of forward looking investments and other expenditure such as R&D and
advertising, although it should be added that the results published to date are not
consistent and R&D significance appears to decline when correction for
heteroscedacticity is made (Pope and Walker, 1996). At the same time, it should be
recognised that the residual income approach cannot take account of value-creating
announcements of projects that are not yet reported as investment or expenditure as
these are not captured in a timely way in ‘clean surplus’ accounting (Ryan, 1996).

Another recent criticism of research in residual income valuation is that
differences in growth expectations among industries and companies are not
sufficiently investigated by past researchers (Higson, 1996), which again suggests the
need for a real options perspective. In some ways, however, the studies mentioned in
this chapter have taken an indirect approach to the inclusion of real options in the
valuation model, because R&D and advertising reflect opportunities for growth and
expansion that, elsewhere, have been modelled successfully as real options. This
thesis take a more direct approach in the light of this recent research, and will

incorporate real options relating to a wide variety of projects as a variable in the

valuation model.

5.3 Conclusions

Past research provides contradictory results concerning the use of real options
in project valuation. On the one hand, there is support from Kester (1984), Busby and
Pitts (1997) and Ottoo (2000) for the significance of growth options for the firm’s
total value (up to 98% in some industries) and for their widespread recognition (they
are evident in more than 60% of the investments). In the area of land development and
mining, postponement options appear to provide significant predictive power (Quigg,
1993; Busby and Pitts, 1997, Moel and Tufano, 1999). Besides, with regard to
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investment decision making, there is an indication from Paddock, Siegel and Smith
(1988) and Kellogg, Charnes and Demirer (1999) that a proportion of project value
can be attributed to growth options, especially when the company’s projects are in an
early stage, and there is some support for the use of more sophisticated real option
models in valuing growth options in the area of R&D (Pennings and Lint, 1997;
Benaroch and Kauffman, 1999).

However, findings suggest that there is only a weak and approximate
correspondence between management intuition and real option theory among UK
managers, according to the surveys made by Howell and Jagle (1997) and Busby,
Pitts (1997). These studies indicate that few leading UK firms have procedures either
to identify or to evaluate most types of real options. Furthermore, some researchers
identify factors that make real options theory inadequate either to value companies
correctly or to explain managerial decisions in areas where real options are expected
to prevail. For instance, Kellogg, Chames and Demirer (1999) identify political
pressure as a factor that may lead to higher market value for a biotechnology firm that
develops products whose social usefulness is supposed to be considerable. Similarly,
Moel and Tufano (1999), who examine managerial decisions in gold mines find that
the decisions to shut or to keep open a mine depends also on the profitability of other
mines in the firms’ portfolio and on the firms’ other businesses.

Of particular concern is the fact that past research in real options lacks an
integrated methodology that links real options with other corporate valuation studies.
Nevertheless, recent advances in studies in the area of valuation provide useful
approaches that fill the gap between theory and practice and provide the means to
examine the impact of real options on the market value of a company. These are
studies that examine the impact of long term investment on company market value,
and examine either the effect of investment announcements on share price, or the
effect of investments on market value in the context of residual income valuation. The
methodology applied in these studies is utilised in this thesis, as discussed in the

following chapter.
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CHAPTER SIX

REAL OPTION ANNOUNCEMENTS:
RESEARCH DESIGN AND EMPIRICAL
RESULTS

The aim of the empirical study is to investigate whether real options are value
relevant in the market place. As a first step, the present chapter reports on an initial
analysis of the effect of real option announcements on stock prices. Chapter 7 then
assesses the impact of real options on the value of the firm.

The study focuses on plans and decisions about capital expenditure and new
projects undertaken by companies that are listed on the Athens Stock Exchange,
covering the years 1989 till 1999. First, the hypothesis that real option announcements
are recognised by the ASE market is tested, by examining abnormal returns over the
real option announcement period. This is followed by an assessment of different types
of real option, and whether they are associated with different premiums in the market.

The research is also extended to the effect of option exercising, and the
investigation considers whether companies that exercise their options have a premium
over companies that let them expire. To examine whether the real options contribute
during their lifetime to the company’s value in the share market, the difference
between the stock return and the index performance over the examined periods is also
computed.

The study then considers whether there is any ‘information content’ in the
market place regarding the possibility of a real option being exercised in the future.
Finally, the empirical analysis assesses the extent to which theoretical option values

are associated with excess returns.
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6.1 Real Option Data

As mentioned above, the study examines events that reveal the existence and
exercising of real options held by companies listed on the Athens Stock Exchange.
For this purpose, the sample involves plans and decisions about company-wide capital
expenditures and about specific projects. In addition, plans regarding funds for the
purpose of acquisitions and tender offers are also included.

The sample of events covers the period from 1989 to 1999, and was compiled
from information in the press concerning the company plans outlined above, which
was followed up with an examination of companies’ capital increase leaflets and
annual reports and discussions with management.

Articles were collected from the following daily and weekly newspapers:
Naftemboriki (NAYTEMIIOPIKH), Kerdos (KEPAOZ), Vima (TO BHMA),
Kathimerini (KA®HMEPINH), Imerisia (HMEPHZIA), Isotimia (IZOTIMIA) and
Ependitis (EIIENAYTHE). We also use the electronic database of Reuters Business
Briefing to crosscheck the time of information releases.

To be included in the sample, a company had to be listed on the Athens Stock
Exchange at the time the management’s intentions were revealed and at the time the
announcement was made.

The empirical study uses daily closing share prices, which are restricted to
only one type of share of every company, the most marketable one, and the share
prices are adjusted for capital increases and dividends. Price data were obtained from

the electronic "EFFECT" database.

6.2 Basic Assumptions

Several assumptions are made in the study. In particular, it is assumed that
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1. In the actual market place, real options have value if investors

and analysts can foresee their occurrence. More specifically we
assume that the option is evident if, first, some kind of
information is revealed to the press and, second, the
information, depending on the type of option, implies one of

the following :

A. the company may make a follow-up investment

(option to expand or growth option)

B. a court or other authorities may take the decision for

the company to go bankrupt (option to default)

C. the management may sell some of the company’s

assets (option to abandon for salvage value)

D. the company may make investments in new areas

(growth option)

E. the company’s management may propose the
acquisition of another company to enter a new sector

(growth option)

2. On the day investors and analysts foresee the option’s

P

occurrence, it is uncertain to them whether actually the
company’s management (or other critical factors, e.g. a court)

will proceed or not to an investment or divestment decision.
The option is exercised (or expires) at the time the managers

(or other critical factors) will announce their official decision to

make (or not) the investment, or divestment. For example, the
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option that relates to an acquisition expires at the time the bid

expires.

In cases where the manager postpones the critical decision for
less than a year, we will adjust the values of the option at the
time of announcement. However, we will exclude from our
sample those cases where the management postpones the

investment for more than a year.

It is assumed that from the time the company announces its
decision about the investment (or divestment), the market price
will adjust gradually so as to incorporate the present value of
the expected cash flows from the investment or divestment.
However, it normally takes some days for analysts and
investors to examine the project details. The latter justifies our
belief that a five-day period after the event is necessary for
price adjustments. That is, it is assumed that it takes a five-day
period for analysts to incorporate the present value of the

expected cash flows from the investment or divestment.

Finally, it should be recognised that the research study assumes
that the semi-strong form of efficient market hypothesis holds.
If this form of EMH holds, the market price will adjust to
publicly available information flow. Published evidence
supporting the EMH in the Athens Stock Exchange is

summarised in Appendix E.

If the assumptions are fulfilled, the value of each critical variable is estimated,

in order to compute the option's value. This involved contact with management

officials, and gathering information released in the press and in company leaflets that

unveil information about the examined projects, together with the quantification of

project-related characteristics. The procedure is described in greater detail in the

following section.
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6.3 Option Recognition

The study examines ten types of business decisions that have real option
characteristics and where their economic effect can be quantified. These are the

options involved:

e to acquire other companies,

e to become an acquisition target,

e to merge,

e to take an exclusive representation of a series of products,
e to expand production capacity/ distribution network,

e to sell factory facilities,

e to sell a production unit /or part of the distribution network,
e to proceed to a capital increase,

e to develop a production unit in a new area,

e to launch an advertisement campaign.

A summary of the classification into specific types of options is provided
below in Table 6.1.

In those cases where the management considers acquiring other companies, it
may do so in order to expand the company’s production capacity, to extend its
distribution network, or to enter new markets. If the scope of the acquisition is to
expand the acquirer’s production capacity or the acquisition aims to result in the
expansion of a current distribution network, then the company holds an option to
expand. However, if the acquisition leads to the entry into new markets, then the
company holds a corporate growth option.

The option to merge and the option to acquire other companies are examined
whenever the merger or the acquisition induces identifiable benefits for the potential
merging companies or for the potential acquirer. Similarly, when the company
becomes an acquisition target, options are examined whenever acquisitions may solve

liquidity problems or in cases acquisitions may induce economies of scale (or

economies of scope).
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The option to take an exclusive representation of a series of products is

regarded as growth option or as expansion option, depending on whether it is

associated with a considerable expansion of products/services provided by the

company or not.

The option to expand production capacity is an expansion option. Similarly, a

company’s plan to expand a distribution network in the same country is regarded as

an expansion option, whereas the expansion of the company’s distribution network in

another country is regarded as a growth option.

Table 6.1: Classification of managerial plans as real option types

) Scope Option to| Growth |Option to|Option to
Managerial plans expand | option | default |abandon
To expand the company's
To acquire other companies production capacity v
To extend its distribution v
network
Or to enter new markets v
To become an acquisition target To reduce liquidity problems v
To induce economies of v
scale/scope
To merge To reduce liquidity problems ]
To induce economies of v
scale/scope
To take an exclusive Associated with
representation of a series of Considerable expansion of ]
products products/services
Not associated with
considerable expansion of ']
products/services
To expand production capacity/ In countries the company v
distribution network already operates
In countries where the
company does not already v
operate
To sell factory facilities ¥
To sell a production unit or part of v
the distribution network
e To finance a capacity
To proceed to a capital increase expansion ']
To solve liquidity problems ']
To develop a production unit in a ]
new area
To launch an advertisement ']
campaign
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An option to abandon for salvage value exists whenever the management
considers selling factory facilities or selling a production unit (or part of company’s
distribution network). Possible capital increases are treated as options to expand
(whenever the company uses capital increase to finance a capacity expansion) or as
options to default (to solve liquidity problems). When the company plans to launch an
advertisement campaign, or to develop a production unit in a new area, then a growth

option is evident.

To recognise the option characteristics, the procedures proposed by Luehrman
(1997a) are followed in this study. In all the examined cases (option to expand,
growth option, option to default, abandonment option), option recognition requires a

project description and details concerning the project cash flow pattern.

Exinain ftpuec R

Option Recognition | L:z andfor
= 3 : R AT

— Examination of the project cash flow pattern

The project description is examined in three ways:

e by reading company capital increase leaflets and annual reports, where
most important projects are described;

e by gathering information released in the press regarding the company
project;

e Dby contacting the company management to verify and enrich the

information gathered.

However, slightly different procedures are used to examine the project

description for different types of real options:
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To identify Options to Expand, statistically important changes in the company
are examined including working capital increases, distribution and research
expenses, fixed capital investments and other expenses.

To identify Growth Options, in the case of a project that consists of more than
one phase, these phases are distinguished, to formulate the model more
accurately. However, the project cash flow pattern is examined by identifying
statistically important changes in the company in the same way as above. In
general, investments for the introduction of a new product or a new market or
the acquisition of another company that operates in another market will be

regarded as growth options.

To identify Abandonment Options, information about management’s intention

to sell part of the company’s assets is gathered and verified.

To identify Default Options, we gather and verify information about the
authorities’ or management’s intention to default the company and about the

timing of relative critical decisions.

6.4 Investment Project Characteristics

After recognizing a real option, the project’s characteristics are quantified, as

follows:

The exercise price (X) is the expenditure required to acquire the phase 2
assets. In the case of Growth Options, only projects having two main stages
(phases) are included, as the estimation bias in valuing further growth options

(projects that consist of more than two main stages) is likely to be very large.

The value of the underlying assets (V,) is the summation of discounted

expected cash flows.
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e The time to expiration (f) was determined after a discussion with the

company’s managers.

o The risk-adjusted discount rate (rx) consists of the summation of the risk-free
interest plus a risk premium, usually different for every phase of the project,
using the method described in 4.2. Risk-free interest is taken as the interest
offered for bonds or T-Bills having a duration that matches the option’s time

to expiration.

e The variance (¢%) is measured by computing volatility from similar projects in

the past; otherwise we use the implied variance from peer group companies.

e In the case of cash flows, judgement has been exercised to determine what
spending is discretionary and what is not, based on the information gathered
(press, discussion with managers, annual reports and capital increase leaflets).
In the case of a growth option, the judgement is made about which cash flows

are associated with phase 1 as opposed to those that are associated with phase
2,

6.5 Estimation of Theoretical Option Values

The option to expand

We will use both the Brealey and Myers (1991) and the Merton (1973)
formula. According to the Black-Scholes (1973) formula transformed by Brealey and
Myers (1991) the value of the option to expand is expressed by the equation

Cp(V, LT) =VN@d ;)-Ie™ Nd,) (6.1)
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where
4, - L)+ + 20T
UBM\/F
2
g, - OnCE)+(r- 2800
GBMJTT ’
given that

N() is the cumulative normal density function

T is the time to expiration of the option to expand in years

V is the value of the expected cash inflows, expressed in current
(discounted) value

I is the value of investment, expressed in current (discounted) value

r is the risk free rate

opy is the investment (expected) cash inflow volatility

According to Merton (1973) formula, as adjusted by Damodaran (1996), the

value of the option is
Cy(V,,T)=Ve" N(d, )- Ie™" N, ) (6.2)

given that

gl - +5)T]

1 O'\/TT

_[An(p)+(r-r =5 )T ] ol

oNT

d;

r is risk free rate, expressed by the computed bond rate that corresponds
to the option's life
r is the dividend yield, expressed by the cost of capital

T is time to expiration in years
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o 1s expected cash inflow volatility, computed from industry average

standard deviation

The growth option

According to Black (1976), as adjusted for the purpose of the study, the value

of the option, is expressed by the equation

Ce(V,LLT)=¢"" [VN(d, )- IN(d, )] (6.3)
where
2 [(n(%)+(%)T ]

o\T

[(n(%)—(%)T] -
= =d — T
oNT 3=

d;

given that

V is the value of the expected cash inflows from phase 2 expansion
I is the value of phase 2 expansion cost

r is risk free rate

T is the time the company can delay phase 2 expansion

o is the industry average standard deviation

N (.) is the cumulative normal distribution function

Damodaran (2001) uses equation 6.2

Ce(V,LT)=Ve™ ™ Nd,)-Ie™ Nd,)

given that
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_[an()+(r-r + )]

! o\T

[(n(%)+(r-r, =% )T]
= =d,; —o\T
T 170

under the following adjustments

d;

V is the value of the expected cash inflows from phase 2 expansion

I is the value of phase 2 expansion cost

T is the time the company can delay phase 2 expansion

o is the industry average standard deviation

ry is the cash flows foregone by waiting divided by market value,

expressed by the cost of capital

According to Geske (1979), as adjusted for the purpose of the study,

the value of growth option will be’

Cp =Ve " M(k,h; p)-Ize™™ M(x-a\/r—*,kua«/;;p)- (6.4)
~Ige ™ Nk -oT*)

where
()T
oz
. Y

ol

K

given that

N(.) is univariate normal distribution function,

M(a,b;p) is bivariate normal distribution function with a and b as upper
and lower integral limits, and correlation coefficient p,

p=(t*/1)%

V. is the critical value of the project above which the first call option will

be exercised, equal to the expenditure for the developed project

! Kemna(1993) provides a way to apply the model developed by Geske(1979) for real option purposes.
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V is the value of the developed project (second stage)

o is the volatility of the rate of change of the developed project
I is the expenditure for the developed project (second stage)

r is the discount rate (risk free rate of return)

7 is the time to maturity of the simple option

7 is the time to maturity of the first call option, assumed to be 3 years.

6.6 Hypothesis Testing

The market response to real option announcements

The event-study methodology is used in this study to examine the reaction of
investors to real option announcements. The ordinary least squares market model
procedure (originally suggested by Masulis,1980, and Brown and Warner,1980)
described by Brown and Warner (1985) is used to test the hypothesis that a sample’s
event period abnormal return (AR), or cumulative abnormal return (CAR), is equal to
ZEerO0.

The methodology is based on the assumption that capital markets are
sufficiently efficient to evaluate the impact of new information on expected future
cash flows of the firms.

It involves the prediction of a "normal" return during the event window in the
absence of the event, estimation of the abnormal return within the event window,
where the abnormal return is defined as the difference between the actual and
predicted returns; and testing whether the abnormal return is statistically different
from zero.

The study uses two methods to estimate abnormal returns: the single-index
model (also called constant mean return model) and the market model. To avoid
confusion, we name the abnormal returns estimated from the single-index model as

“abnormal returns”, while calling the abnormal returns estimated from the market

model as “excess returns”,

164



Chapter 6 Real Option Announcements: Research Design and Empirical Results

Estimation of Abnormal returns

To test the null hypothesis that ARs and CARs for companies that possess real
options are smaller than or equal to those of the companies that do not possess real
options, we compute standard parametric one-tailed t statistics for comparing the
equality of the means of two samples. The research hypothesis is that the portfolio of
the companies that possess real options will have a greater negative AR or CAR.
Rejection of the null hypothesis (at the 0.05 significance level) offers support for the
real option signalling models. The variances are assumed unequal if F values support
rejection of the hypothesis that portfolio variances are equal.

Day 0 is the day of real option announcement. We report AR results for event
days between day —5 and day +5 and CAR results for a three day event period (-1,0,
and +1), for eleven day event period (-5 through +5) and for the “life of the option”
period (-5 through 5 days after the option is exercised?). An estimation period of days
—190 to —10 before the event day is used’

In particular, the model assumes that the stochastic process generating returns

is stationary and of the form

R, =p;+e;,

where
E(‘S}"t)=0’ cov('g.‘f.vt.! 6}.:"1)=03 Vj)t'

Based on this model, an unbiased estimate of the security expected daily
return, gy, is obtained from the time series of its realised returns in the pre-event
period. Sample standard deviation, Sj, is estimated using the same pre-event data. For

each stock at any point in time abnormal return, AR,y is defined as

*In the case the option is not exercised within 12 months, we assume it expires (see paragraph 6.1 for
details).

: Alternatively, we use other estimation periods to investigate whether ARs and CARs differ
significantly.
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ARy, =R, — U

where R;,is the return on security i at time £.
Next we form an equally weighted portfolio of the individual abnormal returns

in event time. The average abnormal return is

P N
AR =LY AR,
i=1

If some cross-sectional dependence among individual standardised excess
returns cannot be ruled out, then assuming inter-temporal independence, under the
null hypothesis the portfolio abnormal returns, AR;, are distributed normally with

mean o and variance o”.

The test statistic for any day in the event period is given by

_ AR, (6.8)

where S, is the standard deviation of the mean abnormal returns over the pre-

event period

i 1 = (/) I—
5, = Y |AR, - AR,

180 2T
where
ES -10 m—
AR= " (Ys)AR;
t=—190

The statistic is distributed as Student-t with 179 degrees of freedom.

Cumulative abnormal returns will be
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]

ISre— N
CAR(1,,1,)=%Y YV AR,

i=I t=T

and the variance of cumulative abnormal returns is
Var\CAR(1,,1,) ) Eo‘ (r,,1,)

given that

i denotes the company of the sample

and

LET, <t<T, &1,

for an event window that has T, and T} as lower and upper limits, respectively,

given that T7 is the smaller between the day of option expiration and the day of option

exercise.

Estimation of Excess returns

The market model assumes a linear relationship between the return of any
security to the return of the market portfolio:

R, =a;+ bR, te;,

given that

E(e;,)=0

and

Var(e;, )= O'i

where ¢ is the time index, i= 1,2,..., n stands for security, R;; and Ry, , are the
returns on security ¢ and the market portfolio respectively during period ¢, and eis is
the error term for security .

An estimation period of days —190 to —10 before the event day is used.

The prediction error (the difference between the actual return and the
predicted normal return), in this study referred to as excess return, denoted as AR, is

then calculated as:

A

AR;,: =R, —ai-f; R,
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Under the null hypothesis, the excess returns will be jointly normally

determined with a zero conditional mean and conditional variance

1 (R . +R )
o*(AR],)=0] + 1+— =
( "‘) % 180[ o?

m

which, given the sample is large, reduces to
o’(AR],)=0!

where Rm is the mean of the market portfolio.

For a subset of N events, the cumulative excess returns at each instant ¢ within
the event window are computed as

N

ARt =LY AR;,
i=1

The test statistic for any day in the event period is given by

where S,p is the standard deviation of the mean excess returns over the pre-
event period

5, - [ -L S -aw)]
S = R - AR’
. 1802 ! g

t=—190

where

=10

AR = Y (%5 )AR',

t=—190

The statistic is distributed as Student-t with 179 degrees of freedom.
Cumulative excess returns will be
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:
2

N N
CAR (1,,I,)=%Y

i=l t=

M,H

AR;,

L]

1

and the variance of cumulative excess returns is

e 2 N
Var(CAR (1,1, )J =LY o!([T,,T,)
i=1

given that

i denotes the company of the sample

and

T, 8T, <t <T,;'ST,

for an event window that has T, and T}, as lower and upper limits, respectively,

given that T is the smaller between the day of option expiration and the day of option

exercise.

Regressions of abnormal returns over DCF and real option values

We compute portfolio beta estimates* on 24 to 60 monthly returns before the
examined periods ’and then we assign a portfolio’s beta to each share in the
portfolio’. We use a one-year Treasury bill rate as an estimate of the risk-free interest
rate . We also use after tax profits adjusted for the effect of minority interest and
preferred dividends.

Following Damodaran (1996), we compute the theoretical Discounted Cash

Flow’ value of a project®,as’

* Portfolios include comparable companies

* Assuming a linear relationship between the return of any security to the return of the market portfolio
Rt =04+ BiRy s +e;

6 Then the equity discount factor is estimated as r, =r + [E(R,, )-r]B;

4 given that the discount rate is r, = (BVA - BVE) ro(1-1)+ MVE r,
(BVA- BVE)+ MVE (BVA- BVE)+ MVE
where BVA is the book value of the assets and BVE is the book value of the equity. We assume that the
market value of debt is equal to the book value of the debt.
8 We assume the Cash Flows will have zero growth (g=0) after the period n.
? where CF,are the expected Cash Flows for annual period £, r; is the cost of capital
and n=3.
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DCF, =3 CF, CF,

+
t=1 (1+rk ); (1+rk )"(rk _g)

The ordinary least squares market model procedure is used to make inferences

about the validity of the examined models.

Our model assumes that the relationship between y; (the dependent variable)

and xz, X2, ..., Xk (the k regressors) is a linear one :

k
Yy = Eﬁixi,t +u;
i=I

t=1,2,...,n, where u,s are unobserved "disturbance” or "error" terms, subject to

the following assumptions:
Al: The disturbances u, have zero means:
E(x,)=0
A2: The disturbances u;, have a constant conditional variance:
V(ur|xn,Jt:2t,...,;7tkr )= c?
A3:  The disturbances u; are serially uncorrelated:
Cov(u,,us )= E(urus)= 0
for all t<>s.
A4: The disturbances u; and the regressors Xz, X2p...,Xp are
uncorrelated:
E(urlx“,xzr,...,xk,)= 0
forall ¢

AS5:  The disturbances u; are normally distributed.

We run the following regressions

DCE 4
MVE ' MVE

+B;0D +¢;

and
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CAR, =a+ ;2K 1 g, OV g op, 1,
MVE "2 MVE

where
CAR; are the cumulative abnormal returns, over the life of the option,
CAR’,- are the cumulative excess returns, over the life of the option,
DCF; are the expected discounted cash flows
OV is the Theoretical real option value
OD; is the dummy variable so that
OD;=1, if the real option is exercised or
OD;=0, if the real option is expired
MVE; is the market value of firm i, calculated as price times number of

shares outstanding at the time of option announcement.
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6.7 Data Description

Based on the review of funding and capital expenditure plans described in
Section 6.1, it was found that 61 out of the 251 companies officially listed on the
Athens Stock Exchange between 19889 and 1999 announced real options during the
period examined. On average there were 147 companies whose shares were traded in
the examined period, ranging from 93 companies in January 1990 to 235 companies
in December 1999.

Nearly sixty per cent of the real option announcements took place during the

period January 1996 - December 1999, as illustrated in Figure 6.1 below.

Figure 6.1: Distribution of real options
over the sample period (1991-1999)
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Nearly eighteen per cent of the examined companies operate in Food &
Beverages. Construction companies account for fifteen percent of the total number of
the examined companies. Financial companies (including Banks) account for twenty-

two per cent, while ten per cent of the sample is Metal processing companies.
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More detailed presentation of the sector weighting with respect to the number

of companies and the number of real option cases examined is provided in Table 6.2.

Table 6.2: The sample of real options, by sector

o
Sector g:nT:aer:i:; RNel:.{Tg::igL Cor:ﬁ)g:lie . Aocgt;?]a[
Cases Cases
Food & Beverages H b e ek
Metal Processing 6 13 10% 8%
Banks 7 22 1% 14%
g)etgngOmpanies in the financial - - 11% 4%
Shipping 1 & 2% 3%
Pharmaceuticals and Chemicals 4 11 7% 7%
Wholesalers 1 2 2% 1%
Hotels 1 1 2% 1%
e o ; i
Cement producers 1 5 2% 3%
Office furniture 1 3 2% 2%
Construction 9 20 15% 12%
Apparel 5 11 8% 7%
Spinning Mills 2 4 3% 2%
Total 61 161 100% 100%

Further details of the 161 real option cases are given in Appendix B and a

brief description of the 61 companies involved is provided in Appendix C.
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A further analysis of the examined cases by option type is given in the

following table:

Table 6.3: The sample of real options, by type of option

Number Of | Number Of | Number Of | Percentage Percgrfltage Percgl;tage

s Cases Expired Exercised | Of Cases . ;

Real Option Type Examined Real Real Examined Eﬁ::d Exg:;sl'.ed
(Total) Options Options Options Options

Growth option 75 23 52 46.6 14.3 323
Option to expand 58 20 38 36.0 12.4 23.6
Option to abandon
For salvage value & 28 14 14 17.4 8.7 8.7
option to default
Total 161 51 110 100 35.4 64.6

There are four main research questions investigated in the study. First, it is

investigated whether real options are recognised in the marketplace. Second, it is
examined whether real options contribute during their lifetime to a company's value.
Third, the extent to which excess market value can be attributed to real option value
or to DCF value is estimated.

Fourth, the contribution of real options to a company's value in the context of
residual income valuation is examined. To investigate whether real options are
recognised in the marketplace, we proceed to hypothesis testing which is described as

follows.
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6.8 The Market Response to Real Option Announcements

To examine the validity of the assumption made by finance researchers (e.g.
Trigeorgis (1996a)) that real options contribute significantly to a firm’s value, the
hypothesis that real options are recognised by the ASE market is tested, by examining

the abnormal returns over the real option announcement period (or real option

signalling period).
Daily abnormal returns

Initially the study examines the abnormal returns during a 10-day real option
signalling period, ie. the period that starts five days before a real option
announcement and finishes five days after the announcement. Figure 6.2 gives an
indication that the announcement period is associated with abnormal returns.
Descriptive statistics are illustrated in Table 6.4. They indicate that real option
announcements are associated with statistically significant cumulative abnormal
returns (at the 10% level of significance) during the (-5,4) period. Significant
cumulative abnormal returns are also reported during the (-5,0), (-5,-1) and (-5,3)

periods, at 5%, 10% and 10% levels of significance respectively.

Figure 6.2: Abnormal returns during the real option

signalling period
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The results reject the hypothesis that the real options are not recognised in the
market place. Surprisingly, the results are statistically significant for the period (-2, -
1), while their significance is weak for the period (-1, 0). The results give an
indication that market participants are normally informed one day before the
announcement.

The methodology used has similarities to other well-established event studies
(e.g. in the area of acquisitions), and the statistical significance of these findings
provides some support to real option theory. However, the sole interpretation of daily
abnormal returns is not enough to substantiate a real option effect on firm value.
Therefore, a second step examines whether the cumulative abnormal returns of

companies that possess real options are also statistically significant.
Cumulative abnormal returns

As illustrated below in Figure 6.3, the average cumulative abnormal return of
companies that possess real options increases till the third day after a real option
announcement. This is in line with other event studies and indicates that the option

announcement can affect the value of a company.

Figure 6.3: Cumulative abnormal returns during the real
option signalling period
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Table 6.4 shows that, starting five days before the real option announcement,

the existence of a real option gives rise to an overall premium of 2.45%, for the period
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(-5, 3). Statistically significant cumulative abnormal returns are also reported for

shorter periods; however, the premium is smaller for those periods.

Table 6.4: Abnormal returns during the real
option signalling period

Period Daily Returns Period Cumulative Returns
Mean Semean Mean Semean
(-5,-4) -0.11% 0.26% (-5,-4) -0.11% 0.26%
(-4,-3) 0.26% 0.27% (-5,-3) 0.20% 0.44%
(-3,2) 0.30% 0.26% (-5:-2) 0.53% 0.55%
(-2,-1) 0.74%*** 0.27% {-5,-1) 1.31%* 0.68%
(-1,0) 0.50%* 0.26% (-5,0) 1.87%** 0.78%
(0.1) 0.17% 0.27% (-5,1) 2.13%** 0.92%
(1,2) -0.18% 0.28% (-5,2) 2.03%"* 1.05%
(2,3) 0.35% 0.27% (-5.3) 2.45%** 1.15%
(3,4) -0.26% 0.26% (-5.4) 2.23%* 1.20%
(4.,5) -0.26% 0.25% (-5,5) 1.95% 1.21%

Day 0: the day of option announcement
*, ™%, "**indicate null hypothesis rejected at 10%, 5% and 1% level respectively.

We then examine whether the type of option is associated with different
premiums. The results are statistically significant in the case of growth options.
Companies that possess these options have significant positive cumulative abnormal
returns that exceed 3% for the ten day period surrounding the announcement, (-5, 4).
Table 6.5 presents the results.

In contrast, companies that have an option to default or an option to abandon
have negative cumulative abnormal returns three days before the option
announcement (-5,-3).

Companies that possess the option to expand do not, on average, have
statistically significant CARs, over the examined period. These findings indicate that,
on average, the presence of growth options is associated with a premium, while
companies that possess the option to default trade on a discount before the option
initiation. However, the existence of an option to increase capacity does not have any
effect on company value, probably because analysts have already accounted for it

well before the announcement.
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Table 6.5: Cumulative abnormal returns during the signalling

period by type of option
Option to
Period Growth Option QOption to Expand
Default/Abandon
Mean Semean Mean Semean Mean Semean

(-5,-4) 0.60%* 0.34% -0.45% 0.45% -1.28%* 0.65%
(-5:-3) 1.10%* 0.62% 0.05% 0.73% -1.94%* 1.04%
(-5:-2) 1.25% 0.77% 0.34% 0.91% -1.03% 1.47%
(-5.-1) 1.84%* 0.94% 1.18% 1.20% 0.20% 1.68%
(-5.0) 1.97%* 1.03% 2.27% ©1.45% 0.75% 1.97%
(-5.1) 2.24%* 1.20% 2.47% 1.72% 1.15% 2.34%
(-5.2) 1.99% 1.25% 2.39% 2.00% 1.41% 2.89%
(-5.3) 2.73%* 1.40% 2.49% 2.23% 1.61% 2.92%
(-5.4) 3.07%* 1.59% 1.60% 2.17% 1.26% 3.11%
(-5,5) 2.86% 1.76% 1.26% 1.98% 0.94% 3.15%

Day 0: the day of option announcement
*, ™%, ***indicate null hypothesis rejected at 10%, 5% and 1% level respectively.

It may be noted that when the existence of a real option premium is tested over

a three-day period, the results are found to be statistically insignificant. There is no

indication that the null hypothesis may be rejected over the 3-day period (-1, 1),

which underlines the importance of allowing for a longer event window.

Table 6.6: Abnormal returns at the announcement date,

by type of option
. Mean CARs period
Type of real option N Semean
(-1,1)
All cases 161 0.70% 0.42%
Growth 75 0.30% 0.51%
Expand 58 1.10% 0.75%
Default 24 0.83% 1.35%

N: Indicates the number of observations
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6.9 Contribution during the lifetime of the option

To examine whether the real options contribute during their lifetime to the
company’s value in the share market, we also compute the difference between the
stock return and the index performance over the examined periods and we denote that
difference as ‘excess returns’. Our methodology is based on the fact that the ASE is
highly volatile, and the pre-event period (-180, -10) may not capture share market

volatility over a long period.

Expiry, exercise and real option value

Our findings (Table 6.7) indicate that the companies that exercised real
options have a statistically significant abnormal return (19.19% on average), while
companies that let options expire do not have any gain over the examined period. In
all but two sectors (the shipping and the F&B sector) cumulative abnormal returns of
companies that possessed and exercised real options were higher than CARs of
companies that didn’t exercise the real options. Average cumulative excess returns
during the life of real options vary among companies that belong to different sectors.
As illustrated on Figure 6.4, average excess returns of textile companies during real
option life are positive , while excess returns for companies in the shipping industry

during real option life are negative.

Figure 6.4: Cumulative excess returns during
the real option life, by sector
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Alternative time periods are used to investigate whether the selection of a
particular time period leads to other inferences. An average premium of 12.94% is
reported (Table 6.7 Panel A) over the period (-5, x), where the negative number (-5)
denotes five days before option announcement and the letter (x) denotes the exercise
day. Smaller premiums were reported for other periods.

The study initially investigates whether companies that exercise their options
have a premium over the market (Table 6.7, Panel C). Similarly, it is examined
whether companies that let their options expire outperform the market (Table 6.7,
Panel B). Not surprisingly, investors give on average a small discount to companies
that let their real options expire. An average discount of 7.87% is reported over the
period (0,x), where zero (0) denotes day of option announcement and the letter (x)
denotes exercise day. However, the discount is statistically insignificant, as illustrated
in Table 6.7, Panel B.

On the other hand, investors give a premium to companies that exercise their
options. An average premium of 22.37% is reported over the period (-5,x), where the
negative number (-5) denotes five days before option announcement and the letter (x)
denotes the exercise day (Table 6.7, Panel C).

Now, it is interesting, from both the statistical and the practical view, to
examine whether there is any “information content” in the market place regarding the
possibility of a real option being exercised in the future. If market appreciation during
the announcement period is followed by a statistically significant appreciation during
the life of real options, then the announcement period indicates the possibility for
management to exercise a real option, so investors should choose shares of companies
that possess these options, so as to outperform the market.

To examine the existence of that “information content”, we split cumulative
abnormal returns into two periods, (-5, 5) and (5, x). Our results indicate that there is
“information content” in the share market about the possibility exercising real options.
Companies who possess options that expired had on average low and statistically
insignificant abnormal returns. On the other hand, companies who possess options
that did not expire had on average high abnormal returns. Moreover, nearly 28% of
excess returns are realised around the signalling period (-5, 5), in the case of
exercising real options. That is in line with real option theory. We do not know why

there is information content during the signalling period, but we assume that market
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participants assess during early stages the possibility for company managers to

exercise the option.

Table 6.7: Abnormal and excess returns
during the life of real options

Mean cumulative returns

Pesfort N Abnormal Excess
Panel A : Full sample

(0,x) 161 9.61%*" 6.99%*
(0,x+5) 161 9.81%* 6.94%"*
(-5,x) 161 12.94%*** 971%™
(-5,5) 161 1,95% 2.66%
(5,%) 161 10.56% 6.82%
Panel B: Real options that expired

(0,%) 57 -7.87% -3.17%
(0,x+5) 57 -7.61% -2.68%
(-5,%) 57 -4.26% -1.00%
(-5,5) 57 -1.04% -0.23%
(5% 57 -3.25% -0.20%
Panel C: Options that were finally exercised

(0% 104 19.19%"** 12.56%"*
(0,x+5) 104 19.36%*** 12.21%™*
(-5,%) 104 22.37%""" 15.58%**
(-5,5) 104 3.59%** 4.249%***
(5,%) 104 18.13%*"* 10.66%***

N: Indicates the number of observations
Day 0: the day of option announcement
Day x: the day of option expiration or the day of option exercise

', ™" indicate null hypothesis rejected at 10%, 5% and 1% level respectively.

Company size and real option value

To examine whether there is any correlation between real option value and

company size, cases are split into three categories, relative to the company’s

dominance in a particular sector (or sub-sector, in the case of a niche market).

Companies that have a dominant position in the domestic market have “size 17, whilst

companies that have a weak position in the sector have “size 3”. Companies that do

not have either a dominant or a weak position in their market were assigned “size 2”.

No association between size and market performance was found, as illustrated on the

following Table (Table 6.8).
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Table 6.8: Company size and excess returns

Size Period N Mean Semean
1 (-5.5) 55 1.70% 1.74%
(5.%) 55 5.79% 3.78%
2 (-5,5) 59 1.90% 1.57%
(5X) 59 7.79% 4.20%
3 (-5,5) 47 4.73% 2.68%
(5.%) 47 6.37% 4.42%

N: Indicates the number of observations
Day 0: the day of option announcement
Day x: the day of option expiration or the day of option exercise

* e

, **, *** indicate null hypothesis rejected at 10%, 5% and 1% level respectively.
SIZE: 1. Includes companies having dominant position in their sector
2. Includes firms that have relatively strong position in the market they operate
3. Includes companies having weak position in their sector.

So far, the findings of the study indicate that companies that exercised their
real options significantly outperformed the market. It is therefore useful to investigate
to what extent the appreciation shows that investors acted in accordance with real
option theory. If investors took it for granted that strategic actions will take place,
then theoretically computed DCF values (instead of Theoretical Real Option values)

should be enough to explain market appreciation.
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6.10 Excess returns over DCF and real option values

To examine the extent theoretical real option values are associated with
observed abnormal returns, we run several multiple regressions.

In our models, abnormal returns and excess returns are regressed against

e computed DCF project values

e computed real option values and

e a variable that has a value equal to zero if the option is finally
exercised or its value is equal to one if the option expires unexercised.

Both DCF Values and Real Option Values are deflated by Market Value so as
to reduce size effects. Following other finance researchers we test the full sample of
observations and a sample that excludes outliers (5% of observations). We examine
Damodaran (2001), Geske (1979), Black (1976), Black-Scholes (1973) Merton (1973)
and Damodaran (1996) models respectively. In the case of the Growth option, the
predictive ability of the Damodaran theoretical option value to explain abnormal
returns is significant. However, the market tends to overvalue growth options by
comparison with their theoretical value (the coefficient of “option value” is 2.0 in
Model 2). Adjusted R square of model 2 is significant (21.07% and 20.27%
respectively for the trimmed sample and the full sample) and higher than the
predictive ability of DCF Value. Regression coefficient of Damodaran Real Option
Value is significant at 1% level.

Theoretical option values also explain successfully a significant part of excess
returns for the examined growth option cases. When we account for index
movements, the results indicate that the market tends to value the Damodaran
theoretical value in a way that theory expects. The coefficient on the option value is
0.857 for the trimmed sample.

In the case of the option to expand, the theoretical option value is also significant in
explaining abnormal stock returns. The "Exercise" dummy variable increases the
predictive ability of the model. Theoretical values are higher than observed results,
and significant in the case of the Black-Scholes model (the Merton and Damodaran
models lead to identical results in the case of the option to expand). When the
dependent variable is excess returns (Table 6.9, Panel B), DCF values and theoretical

option values are insignificant in the case of the option to expand.
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Table 6.9: Regression of returns on DCF
and theoretical option values : growth options

Panel A: 4R, =0, +a,

DCF;, ov;,
WVE, +03 WVE,, +a3;0D;, +€

1 . ’ DCF, oV,
Panel B: 4R, =0, +0, VR T 02 Tya ts0D,, +e
Trimmed sample Full sample
(5% of observations excluded)
DCF Option Option + Exercised DCF Option Option + Exercised
(Damo.) | (Damo.) (Geske) (Black) (Damo.) | (Damo.) (Geske) (Black)
Panel A
Intercept 0.062 0.037 0.037 0.045 0.046 0.051 0.024 0.032 0.045 0.049
0.769 0.461 0.415 0.491 0.496 0.656 0.306 0.369 0.533 0.573
DCF 0.568"* 0.563"**
3.883 3.952
ov 2.000*** | 2.001*** | -1.356 -0.531 1.963*** | 1.970™* | -0.383 -0.3156
4.437 4.394 -0.534 -0.443 4.452 4.427 -0.361 -0.436
oD -0.001 0.169 0.171 -0.030 0.162* 0.161*
-0.005 1.560 1.562 -0.219 1.623 1.622
R* 17.93% | 22.20% | 22.20% | 3.64% 3.52% 17.62% | 21.35% | 21.40% 3.75% 3.83%
Adjusted R 16.74% | 21.07% | 19.91% | 0.81% 0.68% | 16.50% | 20.27% | 19.22% | 1.08% 1.16%
St Error 0.565 0.550 0.555 0.409 0.409 0.553 0.540 0.544 0.399 0.398 !
Observations 71 71 71 71 71 75 75 75 75 7w i
F 15.079 19.685 9.700 1.285 1.239 15.618 19.818 9.804 1.404 1.435 |
i
Panel B
Intercept 0.082 0.080 -0.038 0.045 0.046 0.095* 0.089 -0.039 0.045 0.049
1.405 1.368 -0.416 0.491 0.496 1.732 1.582 -0.434 0.533 0.573
DCF 0.282** 0.184*
2.380 1.809
ov 0.857** | 0.684"" -1.356 -0.531 0.624" 0.665™* -0.383 -0.315
2.386 2.148 -0.535 | -0.443 1.944 2.099 -0.361 -0.436
oD 0.199* 0.169 0.171 077" 0.162 0.162
2.007 1.560 1.562 1.828 1.623 1.622
R* 7.59% 7.62% 10.66% | 3.64% 3.52% 4.29% 4.92% 9.14% 3.75% 3.83%
Adjusted R 6.25% 6.28% 8.04% | 0.81% | 0.68% 2.98% 3.62% 6.61% 1.08% 1.16%
St Error 0.397 0.397 0.387 0.409 0.409 0.395 0.393 0.387 0.399 0.398
Observations 7 71 i) 71 71 75 75 75 75 75
F 5.663 5.693 4.059 1.285 1.239 3.273 3.778 3.620 1.404 1.435
Notes. t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level

respectively. Damo, Geske and Black, denote Damodaran (2001), Geske (1979) and Black (1973) results

respectively
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Table 6.10: Regression of returns on DCF and theoretical option values : options to expand

Panel Az AR, ~o +a; ygt+o; syat+o;0D, +¢ - Panel Bt AR], =a, +o; Dort +a, 2 +0,0D,, +¢
Trimmed sample Full sample
(5% of observations excluded)
DCF Option Option + Exercised DCF Option Option + Exercised
(BI-S) (BI-S) (Damo.)  (Merton) (BI-S) (BI-S) (Damo.)  (Merton)
Panel A
Intercept -0.051 -0.059 -0.285 -0.274 -0.274 -0.043 -0.049 =272 -0.269*** -0.269***
-0.830 -0.938 -3.267 -3.053 -3.053 =0.713 -0.797 -3.146 -3.054 -3.054
DCF 0.214* 0.146*
1.934 1.621
ov 0.214* 0171* 0.782 0.782 0.147* 0.101 0.628 0.628
2.007 1.749 0.923 0.923 1.689 1.237 0.781 0.781
oD 0.369*** 0.393*** 0.393*** 0.364*** 0.382*** 0.382***
3.441 3.621 3.621 3.406 3.594 3.594
R 6.48% 6.94% 23.94% 21.08% 21.08% 4.48% 4.85% 21.42% 20.12% 20.12%
Adjusted R? 4.75% 5.22% 21.07% 18.10% 18.10% 2.78% 3.15% 18.56% 17.22% 17.22%
St Error 0.420 0.419 0.382 0.390 0.390 0.417 0.416 0.382 0.385 0.385
Observations 56 56 56 56 56 58 58 58 58 58
F 3.741 4.029 8.339 7.080 7.080 2.628 2.852 7.497 6.927 6.927
Panel B
Intercept 0.088* 0.091* 0.001 0.006 0.006 0.086* 0.090* 0.000 0.006 0.006
1.890 1.928 0.011 0.083 0.083 1.910 1.950 -0.004 0.085 0.085
DCF -0.047 -0.049
-0.671 -0.720
ov -0.052 -0.078 -0.778 -0.778 -0.053 -0.072 -0.778 -0.778
-0.766 -1.171 -1.150 -1.150 -0.813 -1.107 -1.217 -1.217
oD 0.157* 0.140* 0.140* 0.147* 0.137 0.137
1.789 1.619 1.619 1.719 1.618 1.618
R* 0.83% 1.08% 6.91% 6.76% 6.76% 0.92% 1.17% 6.20% 6.63% 6.63%
Adjusted R? -1.01% -0.76% 3.39% 3.24% 3.24% -0.85% -0.60% 2.79% 3.23% 3.23%
St Error 0.318 0.318 0.311 0.311 0.311 0.312 0.312 0.307 0.306 0.306
Observations 56 56 56 56 56 58 58 58 58 58
F 0.451 0.5687 1.966 1.922 1.922 0.518 0.662 1.819 1.952 1.952

Damodaran (1996) and Merton (1973) results respectively

Notes. t-statistics in italics. *, **, *** indicate null hypothesis rejected at 10%, 5% and 1% level respectively. BI-S, Damo and Merton, denote Black-Scholes (1973),
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6.11 Comparison with previous studies

The value relevance of real options

Concerning the value relevance of real options, the study confirms and, in a
way, extends the findings in Kester (1984), Paddock, Siegel and Smith (1988), Panayi
and Trigeorgis (1999), Benaroch and Kauffman (1999), Kellog, Charmes and Demirer
(1999). Similar to Kester (1984) and Ottoo (2000) our study confirms that growth
options contribute significantly to company value, whilst Kester (1994) and Ottoo
(2000) reported that growth options account from 4% up to 88% of total equity value.
A key finding in this thesis is that growth options that were finally exercised were
associated with 22.4% abnormal returns and 15.6% excess returns during the period
that starts five days before the real option announcement and finishes by the time the
option is exercised. Moreover, the magnitude of the real option contribution is found

to be significant at the 1% level when options are exercised, but insignificant

otherwise.

Real options and DCF valuations

Concerning the extent by which real options provide better valuations than
DCF valuation does, the thesis also confirms the findings in Paddock, Siegel, Smith
(1988) that real option estimations proximate actual values better than DCF values do.
In our study, the theoretical DCF value and the theoretical growth option value are
regressed against abnormal stock returns and excess stock returns with the result that
real options are associated with a better regression fit compared to DCF values. This
agrees with the findings of Howell and Jagle (1997) who studied hypothetical cases as
a benchmark for examinuing whether Option Value Theory has higher explanatory
power than DCF. They found that in twelve out of fourteen types of growth options,
the theoretical option values provide better predictions of empirical valuations than
theoretical DCF values do. We also find that theoretical values are generally in line
with Option to Expand values, since the coefficient of Option to Expand is close to

the unity in the respective models.
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Real option overvaluation

In addition, the study shows that the capital market tends to overvalue growth
options. Indeed, the coefficient on the growth option theoretical value is 2.0. These
findings are in line with the conclusions in Kellogg, Chames and Demirer (1999) and
in Schwartz and Moon (2000). In particular, Kellogg, Charnes and Demirer (1999),
who applied real option theory to evaluate a biotechnology firm, conclude that the
theoretical methods valued the examined company (Agouron) relatively well when all
the projects were in the early phase of development, but the stock price deviation
from theoretical values became significantly larger (28%-56%) during the following
phases. Schwartz and Moon (2000) applied real option theory to evaluate an internet
firm and found that company market value is significantly higher than what real

option theory indicates.

6.11 Summary

In this chapter, assuming the semi-strong form market efficiency holds,
theoretical DCF and real option values are regressed against unexpected returns at the
time when real options are created by companies. The empirical evidence reported in
this chapter indicates that real option announcements are recognised in the stock
market. In this thesis, regression analysis also indicates that a significant proportion of
abnormal returns during the life of an option can be explained if we account for the
theoretical “real option value”. Also, it is shown that the Damodaran and Black-
Scholes models provide far higher regression fit compared than other option pricing
models.

Research in the context of residual income may indicate that market
appreciation is associated with other fundamental factors, apart from those examined
above (theoretical DCF values, option types, option exercise). If the context of

residual income valuation is statistically sound and real options are value relevant,
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then we could incorporate real options into that context. This is the subject of the

following chapter.
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CHAPTER SEVEN

RESIDUAL INCOME VALUATION:
RESEARCH DESIGN AND EMPIRICAL
RESULTS

In this chapter models are developed that explain the corporate valuations that
the capital market places on firms and, in particular, the role of new information in
these models. To achieve this target, we investigate whether real options are
significant explanatory variables in the context of the ‘clean surplus’ hypothesis. The
models employed in the related cross-sectional regressions assume that the value of
the assets in place (the market value of company equity) can be modelled theoretically
as the sum of book value plus the discounted value of the residual income stream. In
other words, the market value of a company is modelled in its restricted form as a
linear function of earnings, closing book value and net dividends, while a less
restricted form of the ‘clean surplus equation’ allows for other control variables that
capture the value not attributable to these factors. To explore the extent that real
options account for part of the future residual income stream, the study investigates

the predictive ability of real options by including them as dummy variables.

7.1 Main procedures

The regression methodology uses mainly the procedures followed in Fama and
French (1992) and in Green, Stark and Thomas (1996).

We examine the association between portfolio assignments based on
information available at the end of year £ and returns realised over the twelve month
period beginning in July of calendar year #+1, so we ensure that the accounting

variables are known before the returns we explain, following Fama and French(1992).
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We compute portfolio beta estimates on 24 to 60 monthly returns before the
examined periods 'and then we assign a portfolio’s beta to each share in the
portfolioz. We use a one-year Treasury bill rate as an estimate of the risk-free interest
rate rf3. We also use after tax profits adjusted for the effect of minority interest and
preferred dividends.

The market value of a firm's common equity, MVE;,, is calculated as share
price, adjusted for stock splits and dividends, times the number of common shares
outstanding at a fiscal year end. The firm must also have available data on total book
assets, book equity, and earnings for the examined periods. The currency of the
financial statements is the Euro. We use the share price of common shares, only.
Whenever more than one type of common shares is available for the same company,
we use the most actively traded type of share.

Then we examine the association between portfolio assignments based on
information available at the end of the accounting year and returns realised over the
twelve month period beginning in July of the next calendar year. The resulting annual
cross-sections are then trimmed to remove the top and bottom 0.5% of observations.

Transaction costs and information costs are ignored.

The residual income approach to real option valuation

The ordinary least squares market model procedure is used to make inferences

about the validity of the examined models.
Our model assumes that the relationship between y; (the dependent variable)

and xy, X2, ..., Xk (the k regressors) is a linear one :

k
Ve =Y, Bixis +u, (7.1)
i=1

! Assuming a linear relationship between the return of any security to the return of the market portfolio
Riy =0+ PRy +eiy

2 Then the equity discount factor is estimated as r = re+ [E(R,)—T f] B;

* As in Sougiannis (1996). However, Fama and French (1996) use one-month Treasury bill rate
observed at the beginning of the month to compute risk free rate.
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t=1,2,...,n, where u;s are unobserved "disturbance" or "error" terms, subject

to the following assumptions:

Al: The disturbances u; have zero means:
E(x,)=0
A2: The disturbances u; have a constant conditional variance:
V(u,lxh,xﬂ,...,xkt )= o’
A3: The disturbances u; are serially uncorrelated:
Cov(ut,us)= E(u,u3)= 0
for all t<>s.
A4: The disturbances u; and the regressors Xz, Xay...,X are
uncorrelated:
E(u,]x”, T )= 0

for all ¢

AS5: The disturbances u, are normally distributed.

According to the Ohlson residual income valuation model (Ohlson, 1989;
Ohlson, 1995), the market value of the firm can be expressed as the summation of the

book value of equity and the present value of future abnormal earnings. This is

expressed by the equation

_ RI,, (7.2)
MVE, = BVE, + EE{W]
given that
BVE ;, =BVE , ; + E, - NSCF , (7.3)

RI, =E,-rBVE,, (7.4)

where
MVE; is the value of the firm

r is the discount rate
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BVE;is the book value of equity

E; denotes earnings for period t

NSCF; denotes net dividends (dividends less capital contribution) paid at
date t

RI, denotes the abnormal earnings, or residual income, for the period to t.

The time-series behaviour of residual income is described by linear
information dynamics models which provide a link between current information and a
firm's intrinsic value. The Ohlson (1995) linear information dynamics assume that the

time-series behaviour of residual income follows

MVE,, =BVE;, +oyRI,, + B, (7.5)
given that

w
o R = (76
and

ﬁ = 1+4r
L™ (I4r—w, (1+r-y)
In a regression form, equation 5.13 can be expressed as:

MVE;, =y +0;BVE;, +0;E;; +a,NSCF;, +¢ (7.7)
where

MVE ;; is market value
NSCF ;; is net dividends (dividends-cap.contribution)
a4 should be negative and

o+ ay=-1.

Given that
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NSCFl‘,t = Dl,t - CCl,t
the model 7.7 can be expressed as:

MVE, =04 +o4BVE, +,E;, +a4D;, +0,,CC, +€ (7.8)

A less restricted form of the "clean surplus equation”, (Ohlson, 1989) allows

for other control variables:

MV E;,r =B VE,: +B( Ei,t -rBVE,_; )ﬂzz‘,t (7.9)

where

MVE;,is the market value of the firm's stock at time t
BVE,,is the book value of equity at time t

E;,is reported accounting earnings at time t

r is the discount factor

(Ei+rBVE,,1) is abnormal earnings

Z;.1s a vector of other information variables at time t

We investigate the value relevance of real options by incorporating this
information factor as a Z in the model.

The less restricted form of the "clean surplus equation", equation 7.9, can be
transformed to the following equation that is deflated by book value, so as to allow for

control for size factors:

MVE,,-BVE,, . _ ; RI,
(W_“)*aa +0‘1(m?)+13( BV:‘;‘:,, VYL, + €, (7.10)

Our study has similarities as well as many differences to other studies in the area of

residual income valuation. Similarities stem from the common assumptions between
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these studies and our study for the main factors that are relevant for the valuation of a

firm's equity. Differences stem from the research question to be answered in our

study. Whereas our study tries to investigate whether real options are value relevant,

other studies investigate the importance of other factors for the valuation of a

company's equity. Therefore, with the exception of some common explanatory

variables, our regressions differ from those examined by previous researchers.

For Green, Stark and Thomas (1996), equation 7.10 can be transformed into

the following restricted form that accounts only for Research and Development

expenditures as an additional explanatory variable:

(

MVE, ,~BVE,;, \ _ ] ;
_—B—VE-U—) =0y +051(WEU)+5( BVE,, YL BVE,, )tEis (7.11)

RI;, RD,,,

whilst in our study we examine the following equation:

MVE, ,-BVE,, , _ 1 RI;,
( BVE, )_aﬂ +aI(BVE;,, )+ﬂ( BVE,, )+YIZI +Y22; +Y3z3 *
TYaZq TV5%5 TV6%6 TE;; el
given that

Zr is the number of months of life of growth option before it became
exercised

Z2 is the number of months of life of growth option before it expired
unexercised

z3 is the number of months of life of option to expand before it became
exercised

Z4 1s the number of months of life of option to expand before it expired
unexercised

75 is the number of months of life of option to default (or abandon for
salvage value) before it became exercised

Z6 is the number of months of life of option to default ( or abandon for

salvage value) before it expired unexercised
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Similarly, if we account for real options as an additional control variable,

Equation 7.7 can be transformed into the following equation:

MVE;; =0y +o4BVE;, + ,E;, + 0yNSCF;, +712; +V32; + V323 +
tY42q4 TVs52s5 t V626 T &y

(7.13)

Equation 7.13 can be transformed into the following equation, if we use book value as

deflator, and the methodology developed in Green, Stark and Thomas (1996):

MVE, ,~BVE; NSCF,
( BVEE-', ) a() +a1(BVE )+a2(BVE )"'a_g( BVE )+'y1z1
(7.14)
+Y222 +V323 + V424 V525 + V6% T Eiy

In addition, Equation 7.8 can be transformed into the following equation, if we

account for real options, as an additional control variable:

MVE,, =0y +0;BVE;, +0,E;, +ayD;; +0,CCip +Y,2; +
+Y223 +Y323 +YeTg +V525 +V626 +Ey, (7.15)

where

MVE;, is market value (share price multiplied by the number of ordinary
shares in issue) for firm i six months after the end of year t. Market
value is measured at a six month lag from the financial year-end
because stock exchange requirements demand the publication of
financial statements within six months from the financial year-end.
As a consequence, the market value figures used should reflect the
information contained in the financial statements from which all of
the accounting data are drawn, since ASE listed firms have six
months to prepare and release their annual accounts at their final

form.
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BVE;,, is book value for firm i at the end of financial year t, calculated as
the sum of shareholder equity plus reserves

RI;;is residual income for firm i in year t

E;, are measured as earnings as reported in the financial statements.

D;,, dividends, are measured as dividends declared.

CCj,, capital contributions, are measured as the negative of the sum of
equity raised for cash and for acquisitions.

NSCF;=D; +CC;, are net shareholder cash flows and are measured as the
summation of dividends declared and the negative of the sum of
equity raised for cash and for acquisitions.

Number of shares equals number of shares outstanding at the end of the
year.

The empirical analysis focuses on regressions 7.12, 7.13, 7.14 and 7.15.

7.2 Empirical results

To examine whether real options contribute during their lifetime to the

company’s value in the share market, we compute regression coefficients and t-

statistics for the following model:

MVE; ,~BVE, , RI;,
( é'VEH i, ):ao+a1('j'WIT“)+ﬁ(BVI§,.!)+/11GRO+/12GRO”+

+A;EXP + A EXP,, + A;ABD + A,ABD , +¢;,

where

GRO is the number of months of presence of growth option before it

became exercised

GRO;; is the number of months of presence of growth option before it

expired unexercised

EXP is the number of months of presence of option to expand before it

became exercised

EXP,, is the number of months of presence of option to expand before it

expired unexercised
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ABD is the number of months of presence of option to default (or
abandonment option) before it became exercised
ABD,; is the number of months of presence of option to default ( or

abandonment option) before it expired unexercised

If a; (the coefficient of 1/BVE;,) and g (the coefficient of RI;/BVE;,) are
positive and significant, our study will provide some evidence that supports the "clean
surplus" hypothesis. Besides, if a real option dummy variable is statistically
significant, this will provide evidence that the real option and its exercise/expiry are

value relevant.

The sample in this case (N=1285) excludes a number of firm-years for which
residual income could not be calculated because the prior market data was
unavailable. For the pooled data, the results are reported in the last column of Panel A
of Table 7.1. The results are not entirely supportive of the "clean surplus" hypothesis
in the Athens Stock Exchange during the 1991-1999 period. The coefficient of
1/BVE;; is positive (2.321) and significant at 1% confidence level, but the coefficient
of residual income (RI;/BVE;;) is negative and insignificant. The regression fit is

somewhat weak, since adjusted R square is only 5.05%.

Separate regressions for each of the examined years (1991-1999) indicate that
the "clean surplus" hypothesis is strongly supported by market data in the Athens
Stock exchange for four of the years examined (1993, 1995, 1997 and 1999). The
coefficient a; is positive for all the examined years and significant for all years except
1998 and coefficient g is positive and significant in five years. On the contrary, the
growth option as an explanatory variable is found to be significant only in 1996 and
then only at the 10% level and the option to expand is significant only in 1997.

It is of interest to examine whether the results are different if we exclude
companies that have MVE;/BVE;, over 9. We note that the exclusion of these
extreme observations from our sample makes our regressions comparable to those of
other researchers in the area. Panel B of Table 7.1 provides evidence, based on the
pooled data that excluding extreme MVE;/BVE;, observations leads to the support of
the clean surplus hypothesis, and the growth options coefficients also become

significant. Both the coefficients of 1/BV;, and RI;/BVE;, are positive (0.38 and
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1.153 respectively) and significant at the 1% level of significance. The presence of the
growth options for a month increases the company's market value by 26.5% of the
book value (i.e. the coefficient of GRO, 4; is equal to 0.265). Growth options that
expired unexercised had an insignificant effect on company value.

The regression fit remains low after excluding extreme values (adjusted R
square is 5.05%). Equally, the effect of real options on company value is weak and
insignificant when we examine the data on an annual basis. Although growth options
have a positive effect on corporate market value in most of the years (five out of
seven, regression coefficients are unstable over time and statistically significant only
in 1998. The option to expand is found to be a significant explanatory variable only in
1997, and the coefficients of the options to expand are also highly unstable over time.
The small sample size may give an explanation of real option coefficient instability as

well as to their generally low statistical significance in annual regressions.
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MVE, ,-BVE,,

(—vE =

GRO: growth option; EXP: option to expand; ABD: Option to abandon or default - months before exercise
GRO,,, EXP,,, ABD,, - months before expiry unexercised

Table 7.1 : Real options and residual income

=0y "'aj('jw%u)""ﬁ(

Panel A : Full sample

)+ 2A,GRO + 2,GRO ., + A;EXP + A,EXP  + A;ABD + A;,ABD , +&;,

R"[.I’
BVE,,

MVE;;: Market value; BVE;,: Book value; RI;,: Residual income

PERIOD 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 2711 -0.158 0.952*** 0.958*** 0.842*** 0.101 0.795** 2.3g95*"* 6.745™** 2.961**
3.144 -0.203 3.557 4.096 5.724 0.811 4.929 7.056 12.657 8.777
1/BVE;, 0.688* 2.953*"* 0.708*™ 1.408*** 1185 2.363™ 1.149** 0.516 9.238** 2.321*
1.789 6.143 3.820 7.160 9.574 17.374 5.142 1.073 5.375 7.866
R, /BVE;, -9.674** 2.563 0.867* 1.257 2116 -0.007 6.461*" 10.235*** 4.012** -0.577
-5.689 1.314 1.923 1.458 4.650 -0.050 7.447 5.485 2.129 -0.81
GRO -0.029 -0.064 0.078 0.308* -0.194 0.169 -0.096 0.112
-0.116 -0.030 0.226 1.710 -0.480 0.953 -0.423 0.386
GROy, 0.043 -0.034 -0.054 1.886 -0.097 0.438 0.132
0.040 -0.070 -0.315 1.010 -0.210 0.735 0.214
EXP -0.313 -0.215 0.031 0.325** -0.194 0.387 0.243
-0.600 -0.543 0.160 2,129 -0.535 1.193 0.606
EXPy 0.379 -0.167 -0.132 0.002 -0.591 -0.176 -0.13
0.361 -0.156 -0.274 0.030 -0.595 -0.385 -0.275
ABD -0.098 -0.066 0.224 -0.387
-0.503 -0.329 0.539 -0.6
ABDy 0.08 -0.088 -0.149 0.038 -0.797 -0.347
0.101 -0.390 -1.201 0.083 -1.015 -0.576
R-sq 38.96% 40.36% 14.16% 33.77% 41.79% 69.83% 31.99% 15.74% 15.53% 5.64%
R-sg-adj 36.55% 36.11% 9.68% 30.56% 38.94% 68.51% 30.08% 12.11% 12.69% 5.05%
Sample 80 61 102 109 151 167 184 195 216 1285

Notes: t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively.
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(MVE’, —BVE,,

BVE,

GRO: growth option; EXP: option to expand; ABD: Option to abandon or default - months before exercise
GRO,,, EXP,,, ABD,, - months before expiry unexercised

Table 7.1 : Real options and residual income
Panel B : Restricted sample

)=0, +a1(#%)+ﬁ(

RI,
BVE,

MVE;,: Market value; BVE;,: Book value; RI;,: Residual income

)+AGRO+},GRQ, + }sEXP+ A ,EXE, + sABD+ A ABD, +¢, ,

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 1.692*** 1187 0.809*** 1.178*** 0.82*** 0.31* 0.93*** 1.695* 4327 1.597***
7.924 5.345 4.052 6.761 6.728 2.452 5.653 8.9 17.324 22.258
1/BVE;, -0.023 -0.416 0.552*** 0.674™* 1.038*** 1.683*** 0.32 0.512* 4.304* 0.38***
-0.228 -1.624 3.947 4.063 8.313 8.201 0.857 1.929 3.645 5.229
Rl v/BVE;; 5.518™* 0.769 0.532 2.366"** 1.518" 0.858** 5172 4.751*** 1.605 1.163"
5.062 1.561 1.569 3.609 3.675 3.283 6.76 4.232 1.632 5.472
GRO 0 -0.231 0.088 0.275 -0.116 0.215** 0.095 0.265"**
0.003 -0.146 0.319 1.644 -0.337 2.104 1.048 4.286
GROy 0.21 0.006 -0.054 2.036 0.073 0.19 0.106
0.795 0.018 -0.335 1.285 0.291 0.567 0.78
EXP -0.051 -0.189 0.056 0.319* -0.077 0.021
-0.386 -0.598 0.306 2.459 -0.385 0.204
EXPy 0.28 -0.218 -0.064 -0.001 -0.286 0.149 0.14
1.066 -0.276 -0.167 -0.001 -0.524 0.728 1.412
ABD -0.064 -0.051 0.057 -0.097
-0.442 -0.318 0.252 -0.748
ABDy 0.125 -0.092 -0.119 0.176 -0.361 -0.04
0.212 -0.515 -1.027 0.69 -1.248 -0.326
R-sq 27.07% 15.13% 16.50% 22.78% 33.33% 34.16% 23.65% 15.43% 13.37% 5.71%
R-sg-adj 23.98% 8.84% 12.06% 18.96% 30.02% 31.23% 21.45% 11.49% 9.37% 5.05%
Sample 75 59 100 107 149 165 180 181 137 1150

Notes: t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes companies with MV/BV>3.
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Separating Earnings from Shareholder Cash Flows

The inclusion of net cash flows between shareholders and the firm into our model
gives a more integrated perspective that takes into account the cash flow that directly
affects market value. As a first step in our model, we include net shareholder cash
flows (NSCF;,), that is the summation of dividends declared less the sum of equity
raised for cash and for acquisitions. Initially, we regress net shareholder cash flows,

earnings, book value and real option dummy variables against market value, as

follows:

MVE, , =y +o,BVE, , + %, E; , + 3 NSCF; , + ,,GRO+ 2,GRO,, +
+ A3 EXP + A EXP,, + AsABD + A;(ABD,, +¢;,

where NSCF;; are the net sharcholder cash flows and are measured as

dividends declared (D;;) less equity raised for cash and for acquisitions(CCiy).

In this case, the sample (N=1,435) excludes only these companies that have a
negative book value. The pooled results (Table 7.2) lead to an interesting
interpretation. First, they indicate that the value of the examined companies is
approximately their book value plus 14 times their after tax profits minus 3.8 times
corporate outflows to equity-holders. Assuming book value to be a good
approximation of replacement value, it is reasonable to say that Greek investors
appreciate company replacement value in a way theory expects, since the book value
regression coefficient is close to unity (1.006) and it is statistically significant at the
1% level. The coefficient a3 on cash outflows (a3 =-3.774) is similar to the findings in
Shah and Stark (2001) that R&D investment contributes approximately 4 times to
company market value.

In addition to the above, the earnings coefficient implies that earnings are a
significant forecasting variable of future opportunity and statistically significant at the
1% level. Last, but not least, even though the coefficients of BVE;,, E;; and NSCF;;

are significant at the 1% level, and the regression fit for the examined period (1991-
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1999) is very high (R-sg-adj is 79.99%), we find no evidence that growth options
contribute, even marginally, to higher model prediction ability.

There is a possible explanation for the low predictive ability of real options in
our model. That is, it is unlikely that real options have a uniform effect on company

market value irrespective of company size.

We also run separate regressions for each of the examined years (1991-1999).
As indicated in Table 7.2, the regression coefficients vary significantly over time.
First, assuming book value is a good approximation of replacement value, it is
reasonable to say that Greek investors overestimate company replacement value
during "bullish" market periods (1991 and 1999), since the book value regression
coefficient is significantly higher than the unity (1.606 and 1.148 respectively) while
they underestimate replacement value during the "bearish" market periods 1992 and
1996 (a; is -0.148 and -1.27 respectively). Second, cash outflows are associated with
smaller market value during "bullish" market periods while they strengthen market
value during "bearish" periods. Differentiated investor's attitude to cash outflows is
due to increasing significance of dividends during "bearish" periods versus increasing
significance of "growth prospects" during "bullish" periods. Especially in "bearish"
years 1993, 1994 and 1996, the coefficient of NSCF;, is 3.511, 3.526 and 4.799,
while in bullish years 1991 and 1999 the coefficient is -4.412 and -5.729 respectively.
Third, the earnings coefficient is positive and statistically significant (at the 1% level)
for all years except 1991. The earnings regression coefficient increases from 1996
onwards, probably due to decreasing interest rates. Similarly, adjusted R-square
becomes extremely high from 1996 onwards, giving an indication that our model
becomes spurious in the examined period. Again, real option dummies are not stable

and their coefficients are statistically insignificant.

Next we exclude high book value observations from our sample. The pooled
results are shown in the last column of Panel B of Table 7.2. The coefficient of book
value appears higher (1.550 compared to 1.006) while the coefficient of earnings is
lower (8.342 compared to 13.991). Both of them are significant at the 1% level.
Similarly to the findings shown in Panel A, the net shareholders cash outflows
contribute negatively to market value(az =-3.755). Now, the growth options

coefficient is positive (1.231) but statistically insignificant.
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When we run separate regressions for each of the examined years (1991-
1999), the regression coefficients vary significantly over time. In particular, the real
option coefficients are not stable and are statistically insignificant. As with the full
sample, the results for the restricted sample given in Panel B show that the coefficient
of BVE;; is higher during "bullish" market periods and lower during "bearish" market
periods. In addition, cash outflows are associated with smaller market value during
"bullish" market periods while they strengthen market value during "bearish" periods.
The earnings coefficient is positive and statistically significant (at the 1% level) for
the examined years except 1991, and it increases from 1996 onwards. Similarly,

adjusted R-square becomes extremely high from 1996 onwards.

To examine whether deflating the regressed factors by the book value reduces
size bias, eventually leading to increasing robustness, we compute regression

coefficients and t-statistics for the following model:

MVE ,-BVE, E; NSCE,
(57, ) =00 o) onl iy )+ 0 g )+ AGRO*

+M,GRQ, + s EXP+),EXE, +)sABD+);ABD, +;,

The results are illustrated in Panel C of Table 7.2 and they indicate that growth
options increase company market value. In particular, the presence of growth options
for a month increases the company value by 54.2% of the book value. Notably, the
coefficients of the options to abandon/default are negative, though statistically
insignificant. Surprisingly, net shareholders’ cash flows over book value
(NSCF;/BVE;;) and earnings over book value (E;/BVE;,) do not affect the premium
of market value over company book value.

The coefficients of real options are not stable over time. In addition, the
intercept is positive and significant during the examined years, except in 1994 and in
1997,

To restrict our sample, we exclude companies having negative book value as
well as companies having market over book value higher than 9. Panel D of Table 7.2
illustrates that the growth option coefficient is positive and significant in the restricted

dataset. The presence of growth options for a month increases the company value by
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23.3% of the book value. Again, the abandonment /default option coefficient is
negative and insignificant. Pooled data coefficients of earnings over book value
(E;/BVE;,) become positive and statistically significant, while they are negative and
insignificant for NSCF;/BVE;;.

Annual regressions are associated with a better regression fit compared to the
pooled data, but regression coefficients vary over time. The growth options have

made a positive and significant contribution to company value in 1991, 1996 and
1998.
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Table 7.2 : Real Options and the components of residual income (book value, earnings and net dividend)

Panel A : Full Sample
MVE;, =y +0;BVE,; , +0,E; , +03NSCF, , +A,GRO+A,GRO,, + A; EXP+},EXP,, +AsABD+A;ABD,, +¢;,

MVE;, : Market value; BVE;, : Book value; E;,: Earnings; NSCF;, : Net Shareholders cash flows: GRO : growth option;

EXP : option to expand; ABD : Option to abandon or default - months before exercise GRO,, EXP,,

» ABD,, - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 12.953** | 7242 6.585™* 8.041** 7.531* 3.857 -4.817* 5.455 46.295™** 3.265
3.582 4.192 3.456 3.58 3.909 1.101 ~1.917 0.949 4.556 1.155
BVE, 1.606*** -0.148** 015" 0.494*** 0.06 -1.27** 0.719*** 1.056*™* 1.148*** 1.006***
7.115 -2.203 2.268 8.247 0.725 -5.014 fil 6.915 3313 10.711
Ej, -3.326" 6.425"** 4.893*** 4,113 6.637*** 15.098* | 15511** | 14.391** | 18.163*** | 13.991™*
-3.312 15.861 9.106 10.046 14.719 16.616 24.803 14.312 10.441 26.695
NSCFi; -4.412* 1.234* 3.511™ 3.526™ -1.274* 4.799** -0.263 -1.093 -5.729'** | -3.774"
-5.049 2.399 2.326 4.07 -1.728 3.07 -0.207 -1.188 -5.888 -9.464
GRO -2.263 -1.529 8.832 7.316 4,742 0.756 1.832 -8.359 2.844
-0.352 -0.793 0.531 1.498 0.88 0.107 0.582 -1.384 1.104
GROx -1.112 -0.626 -0.941 3.683 0.125 -1.988 1.196
-0.218 -0.176 -0.185 0.113 0.015 -0.12 0.206
EXP -0.638 -1.301 -0.397 0.664 -4.025 -2.277 0.192
-0.391 -0.234 -0.066 0.255 -0.576 -0.253 0.051
EXPy -5.272 -1.907 -2.611 -0.62 -2.539 -1.724 -1.286
-1.379 -0.163 -0.387 -0.229 -0.132 -0.136 -0.29
ABD -0.631 -0.697 2.927 0.837
-0.296 -0.25 0.373 0.139
ABDy -0.098 0.073 -0.075 0.164 -4.237 -0.232
-0.016 0.023 -0.02 0.018 -0.194 -0.041
R-sq 44.91% 82.98% 77.34% 67.89% 76.08% 90.37% 97.95% 94.09% 84.29% 80.11%
R-sg-adj 41.63% 82.11% 75.93% 66.32% 74.83% 89.92% 97.89% 93.83% 83.79% 79.99%
Sample 90 104 104 130 161 180 195 211 260 1435

Notes. t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively.
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MVE,, =, +o;BVE; , + 0, E; , +0;NSCF, , + 4,GRO+2,GRO,, + A; EXP+ A, EXF,, +AsABD+Az;ABD,, +¢;,

Panel B : Restricted Sample

Table 7.2: Real Options and the components of residual income (book value, earnings and net dividend)

MVE;, : Market value; BVE;, : Book value; E;;: Earnings; NSCF;, : Net Shareholders cash flows: GRO : growth option;

EXP : option to expand; ABD : Option to abandon or default - months before exercise GRO,, EXP,,

» ABD,, - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 0.321 2.145 5.765" o s 5.855™** 9.373™ -2.622 6.435 20.986* 7.892**
0.26 1.296 3.024 3.257 2.903 4.516 -1.051 1.077 2.121 2.974
BVE;; 2.567* 2,087 0.416*** 0.851™** 0.38* -0.652*** 0.966*** 1.272* 2.357** 1.55"*
32.131 5.925 2.854 6.436 1.679 -2.98 6.272 5.275 6.469 11.625
Eit 4.427 -0.369 3.89*** 2.605"** 6.071*** 8.07** 11.595*** | 12.616* | 21.529*" 8.342"
10.374 -0.332 5.577 4.072 7.227 7.039 7.792 9.121 9.679 12.339
NSCF; s L 2.528" 2.911* 4,285 -1.41* 3.884™ 1.917 -0.91 -4.639*** | -3.755"**
12.616 5.296 1.934 4.888 -1.931 2.889 0.872 -0.985 -4.59 -7.115
GRO 0.149 -0.809 5.372 5.936 5.643" 0.36 1.846 0.346 1.237
0.073 -0.421 0.332 1.24 1.83 0.053 0.589 0.062 0.53
GROy 0.854 -0.552 -1.44 6.26 0.048 0.249 1.166
0.527 -0.159 -0.496 0.201 0.006 0.017 0.226
EXP -0.283 -1.018 -1.068 1.625 -3.859 -0.567 0.454
-0.205 -0.189 -0.313 0.65 -0.555 -0.069 0.136
EXPy 9.511* -2.211 -2.119 -0.776 -2.718 0.387 -0.39
2.406 -0.195 -0.324 -0.502 -0.142 0.034 -0.099
ABD -0.598 -0.542 2.21 -0.314
-0.29 -0.201 0.283 -0.058
ABDy -0.205 0.004 -0.824 -0.082 -1.323 -1.086
-0.035 0.002 -0.393 -0.009 -0.067 -0.216
R-sq 94.42% 88.05% 78.40% 69.78% 75.21% 73.97% 86.83% 75.98% 64.08% 44.90%
R-sg-adj 94.09% 87.43% 77.05% 68.30% 73.89% 72.74% 86.41% 74.89% 62.93% 44.55%
Sample 89 103 103 129 159 178 193 209 257 1421

Notes. t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes 1% of High BVE companies.
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Table 7.2 : Real options and the components of residual income (book value, earnings and net dividend)
Panel C : Full Sample

B = 1 T
:)_O,’o +a,(W)+cx2(BVEm )+053(

+A,GRO + A,GRO,, + A;EXP + A,EXP,, + A;ABD + A;ABD ,, +¢€;,
MVE;, : Market value; BVE;, : Book value; RI;, : Residual income E;:Dividends; NSCF;, : Net Shareholders cash flows: E;,: Earnings;

(

GRO : growth option; EXP : option to ex

MVE, ,~BVE

BVE,,

Residual Income Valuation: Research Design and Empirical Results

NSCF,

BVE, ,

and; ABD : Option to abandon or default - months before exercise GRO,, EXP,,, ABD,, - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled

Intercept 3711 1.096* 0.573** 0.754 0.507*** 0.257** 0.091 1.027* 6.194* 2.508™*
4.799 1.884 2.309 0.929 3.399 2.186 0.56 1.798 6.53 9.926

1/BVE;, 0.861** 1.052*** 0.752*** 2.331*** 0.993"** 1.985"** 1.3 2.309** 14. 747" 1.762***
2517 4.397 4.629 4.678 8.601 15.582 6.862 2.99 11.363 9.218
E,/BVE;, -8.215*** 1.755 1.337*** 2.67 2.437" -0.177 5.66*** 9.573"** -4.932* 0.368
-5.511 1.03 3.38 0.842 4.828 -1.398 6.851 5.558 -1.714 0.712
NSCF/BVE;, -0.767 -4.057* -3.316"* -1.458 -0.653*** 2,447 0.979 1.774 -1.65 -0.001
-0.518 -1.765 -2.423 -0.396 -2.611 2.801 0.844 0.722 -0.551 -0.001

GRO 0.205 0.005 -0.422 0.066 0.356™* -0.101 1.001*** -0.095 0.542***
0.168 0.024 -0.078 0.205 2.11 -0.294 3.764 -0.211 2622
GROy 0.087 0.018 -0.053 1.518 -0.883 0.087 0.022
0.092 0.045 -0.329 0.962 .22 0.068 0.048
EXP -0.209 -0.122 -0.044 0.209* -0.156 0.086 0.139
-0.431 -0.327 -0.232 1.664 -0.264 0.124 0.461
EXPx 0.401 -0.274 -0.065 -0.024 -0.537 -0.194 -0.073
0.412 -0.072 -0.143 -0.279 -0.329 -0.199 -0.203
ABD -0.184 -0.047 0.233 -0.307
-0.265 -0.248 0.35 -0.628
ABD, 0.021 -0.07 -0.1 0.062 -1.058 -0.267
0.031 -0.328 -0.864 0.082 -0.63 -0.583
R-sq 39.47% 21.28% 21.20% 17.34% 38.46% 66.77% 35.45% 28.96% 38.38% 6.27%
R-sqg-adj 35.87% 17.27% 16.32% 13.31% 35.22% 65.22% 33.39% 25.78% 36.41% 5.68%
Sample 90 104 104 130 161 180 195 211 260 1435

Notes. t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively.
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Table 7.2: Real options and the components of residual income (book value, earnings and net dividend)

MVE;, : Market value; BVE,;, : Book value; RI;, : Residual income D;,:Dividends; E;, Earnings;GRO : growth option;

EXP : option to expand; ABD : Option to abandon or default - months before exercise GRO,,, EXP,,, ABD,, - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 1.412"* 1.068*** 0.366** 0.852*** 0.52** 0.29** 0.248 0.99* 3.559™** 1.455**
5.303 5.652 2.242 4.725 3.952 2.405 1.335 5.065 14.241 20.994
1/BVE;,; -0.147 -0.036 0.543*** 0.834** 0.93*** 1.586™** 0.893*" 0.747** 4.219* 0.329***
-1.36 -0.377 5.02 5.233 7.624 8.221 2.512 3.13 4.899 5.504
E,/BVE;; 3.809* 0.313 0.781*** 2561 1.941*** 0.733*** 5.085** 4.492* 1.256 1.173***
3.145 0.544 2.968 3.604 4.243 2.945 6.273 4.508 1.37 5.906
NSCF/BVE;; 1.771 4.04* 3.753"** -0.159 -0.586"** 2319 0.907 -1.179 -0.275 -0.188
1.543 3.671 3.352 -0.199 -2.888 2.761 0.811 -1.326 -0.267 -0.778
GRO 1.282** -0.04 -0.367 0.083 0.328™ -0.088 0.2* 0.088 0.233***
3.675 -0.281 -0.317 0.315 2.055 -0.263 2.179 1.047 4.126
GROy 0.346 0.034 -0.057 1.538 0.051 0.183 0.1
1.288 0.129 -0.376 1.01 0.233 0.54 0.779
EXP -0.09 -0.109 -0.031 0.205* -0.084 -0.029
-0.571 -0.358 -0.174 1.689 -0.469 -0.291
EXPx 0.137 -0.25 -0.014 -0.028 -0.406 0.144 0.145
0.436 -0.316 -0.038 -0.345 -0.818 0.699 1.534
ABD -0.106 -0.036 0.101 -0.105
-0.734 -0.235 0.492 -0.853
ABDy; 0.103 -0.071 -0.09 0.242 -0.3 -0.026
0.23 -0.413 -0.811 1.05 -1.023 -0.220
R-sq 31.83% 17.17% 30.32% 28.52% 32.34% 37.73% 23.87% 19.26% 14.67% 551%
R-sg-adj 27.46% 12.81% 25.92% 24.89% 28.73% 34.78% 21.41% 15.29% 11.05% 4.86%
Sample 84 101 102 125 159 178 193 193 173 1308

Notes. t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes companies with MV/BV>9
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Allowing for Dividends as a Separate Factor

Next, we examine whether replacing NSCF;, by dividends leads to an improvement in
model predictive ability. Panel A of Table 7.3 indicates that the replacement of
NSCF;; by dividends leads to similar conclusions. First, the results for the full sample
indicate that the value of the examined companies is approximately their book value
plus 15.5 times their after tax profits minus 5.8 times dividend outflows. Second, it
also gives us the impression that the textbook equation ‘market value = replacement
value + future opportunities’ is in line with market valuation in the Athens Stock
Exchange. Third, assuming the book value is a good approximation of replacement
value, it is reasonable to say that Greek investors appreciate company replacement
value in a way theory expects, since the book value regression coefficient is close to
unity (1.138) and it is statistically significant at the 1% level. Fourth, the earnings
coefficient implies that earnings is a significant forecasting variable of future
opportunity and statistically significant at the 1% level. Last, but not least, even
though the coefficients of BVE;,, E;; and D;, are significant at the 1% level, and the
regression fit for the examined period (1991-1999) is very high (adjusted R-sq is
78.97%), we find no evidence that the growth options contribute to higher model
prediction ability. As before, a possible explanation is that real options are unlikely to
have uniform effect on company market value due to size bias that is evident in this
model.

The regression coefficients vary significantly over time when we run separate
regressions for each of the examined years (1991-1999). In 1992, 1995 and 1996, the
coefficient of book value is negative. With regard to the dividend effect on market
value, this is positive, except in 1997 and in 1999. Like Table 7.2, the earnings
coefficient is positive and statistically significant (at the 1% level) except in 1991.
The earnings regression coefficient also increases from 1996 onwards, probably due
to decreasing interest rates. Also, adjusted R-sq becomes extremely high from 1996
onwards, making us suspicious that the examined model is spurious. Finally, the

coefficients of real options are statistically insignificant.

Next we exclude extreme observations from our sample. The pooled results

are shown in the last column of Panel B of Table 7.3. The coefficient of book value
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appears higher (1.415 compared to 1.138) while the coefficient of earnings is lower
(8.744 compared to 15.480). Both of them are significant at the 1% level. Unlike to
the findings shown in Panel A, the coefficient of dividends is insignificant. As with

the full sample, the growth options coefficient is insignificant.

Again, as a second step, it is investigated whether the low predictive ability of
real options is due to the fact that we regress absolute values (market value, book

value, earnings) instead of deflated ones by examining the following model:

MVE; BVEi

+ A,GRO +A,GRO , + A3 EXP +ALEXP,, + ).5ABD + A6ABD,“ +&;,

Table 7.3 (Panel C and Panel D) shows that the premium of market values
over company book value is affected by dividends over book value (D;/BVE;;) and
by earnings over book value (E;/BVE;;).

Both regression coefficients are statistically significant, at 1% and 5%
significance level, respectively. In addition, The Panel C confirms that the growth
options significantly increase company market value (the regression coefficient of
growth options is 0.532, and significant at the 1% level). In line with previous
findings, the coefficients of options to abandon/default are found to be negative. The

intercept is found to be positive during the examined years, except in 1994 and in
1997,

If we exclude extreme MVE;/BVE;; observations, the adjusted R-sq increases
and the statistical significance of growth options remains intact. However, Panel D
shows that the magnitude of the growth option coefficient decreases from 0.532 to
0.227. The market value is also affected by dividends over book value (D;/BVE;,)
and by earnings over book value (E;/BVE;,), statistically significant, at 1% and 5%

level, respectively.
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Table 7.3: Akbar and Stark specifications: (1) earnings and dividend payments.

Panel A: Full Sample

MVE,, =0t +, BVE; , + 0, E; , +03D; , + 4,GRO+A,GRO,, +A; EXP+ A, EXP,, +AsABD+A;ABD,, +¢;,
MVE;, : Market value; BVE;, : Book value; RI;; : Residual income; D;,:Dividends; E;,: Earnings;GRO : growth option;

EXP : option to expand; ABD : Option to abandon or default - months before exercise GRO,, EXP,, ABD., - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 16.312*** | 5.312*** 5.4*** 8.018™ 7.868*** 2.947 -4.792* 4.698 51.844™** 3.233
3.998 3.705 2915 3.572 4.105 0.862 -1.918 0.819 5.066 1.116

BVE;, 0.686 -0.37*** 0.106** 0.361*** -0.094 -1.371* 0.72*** 1.047** 1.746™ 1.138**
1.577 -5.848 2.154 5.607 -0.989 -5.22 7.058 6.649 4.189 10.619

Ej -2.184" 3.796™* 3.954™ 2.82™ 6.363"** 15,127 | 15.521*** | 14.594™* | 21.356"** 15.48***
-1.86 8.875 6.323 5.143 12.664 16.733 23.636 11.497 11.576 24.821

Dy 2.199 11568 | 397" 6.769"** 2.181 5787 -0.292 0.764 -16.42*** | -5.779**
0.649 7.599 3.603 4.096 1.584 3.373 -0.206 0.348 -4.992 -4.602
GRO -2.924 -2.371 11.245 7.145 3.644 0.756 1.862 -7.906 1.705
-0.4 -1.258 0.677 1.462 0.682 0.107 0.59 -1.283 0.648
GROx -1.278 -0.385 -0.759 3.646 0.086 -0.624 1.798
-0.22 -0.112 -0.15 0.112 0.01 -0.037 0.303
EXP -0.445 -1.383 -0.241 0.662 -4.038 -2.649 -0.06
-0.334 -0.248 -0.041 0.254 -0.576 -0.289 -0.015

EXPxt 10.527*** -1.426 -2.877 -0.559 -2.179 -2.625 -1.455
-3.402 -0.122 -0.426 -0.207 -0.113 -0.204 -0.321
ABD -0.607 -0.698 3.069*** 0.92
-0.285 -0.25 0.39 0.149

ABDy 0.262 0.151 0.191 0.2 -5.326 -0.323
0.046 0.048 0.052 0.022 -0.24 -0.056

R-sq 53.43% 94.16% 88.82% 82.42% 87.18% 95.12% 98.97% 96.98% 91.51% 88.98%
R-sg-adj 28.55% 88.66% 78.89% 67.94% 76.01% 90.47% 97.95% 94.06% 83.74% 79.17%
Sample 90 104 104 130 161 180 195 211 260 1435

Notes. t-statistics in italics. *, *+, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively.
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Table 7.3: Akbar and Stark specifications: (1) earnings and dividend payments.

Panel B: Restricted Sample

MVE,;, =a, +0yBVE, , +,E; , +0;3D; , +A,GRO+2,GRO,, + A;EXP+},EXP,, + AsABD+A;ABD,, +¢;,

MVE;, : Market value; BVE;, : Book value; D;Dividends; E;,: Earnings;GRO : growth option; EXP : option to expand;
ABD : Option to abandon or default - months before exercise GRO,, EXP., ABD,, - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 3.668" 0.154 | 4934 | 7.866"* | 5.972** | 7.834"" | -3.398 5691 | 24.025" | 8.709"*
2.243 0.137 2657 3.484 2.921 3718 -1.338 0.962 2.390 3.226
BVE, 1.507*+ | 1.845** | 0338 | 0455** | 0440* | -0.569" | 1.097** | 1.445'* | 278" | 1.415"
9.458 8.318 2.309 3.266 1.768 -2.583 6.001 5.315 6.800 9.070
Ey 0030 | -4063™* | 3323 | 2507 | 6.182** | 7.052** | 945" | 13.333** | 25658™ | 8.744*"
-0.065 -4.912 4.585 3.652 6.6 5.657 4.284 9.59 9.733 11.940
Dy 9.400* | 14.639** | 6.364** | 6.495** | -1.283 | 5966 | 5.680 -3.269 | 16.236"* | -0.789
7.142 13.245 2.998 3.833 -0.671 3.513 1.574 -1.166 -3.285 -0.501
GRO 2.233 -1.694 10.618 5.171 4.704 0.481 1.867 0.325 1.167
0.000 -0.887 0.637 1.067 1.55 0.071 0.596 0.056 0.491
GROy 0.342 -0.361 -1.192 8.216 -0.061 1.436 1.534
0.156 -0.107 -0.415 0.264 -0.008 0.093 0.292
EXP -0.085 -1.086 -0.84 1.584 -4.354 -0.839 0.261
-0.092 -0.200 -0.250 0.636 -0.626 -0.101 0.077
EXPxq -1.500 | 5.9290" -1.491 -2.216 -0.685 -2.436 -0.22 -0.896
-0.001 2.197 -0.128 -0.336 -0.449 -0.128 -0.019 -0.224
ABD -0.606 -0.573 2.397 -0.339
-0.285 -0.21 0.306 -0.062
ABDy 0.131 -0.078 -0.581 -0.073 -1.839 -1.166
0.023 -0.025 -0.261 -0.009 -0.092 -0.229
R-sq 89.97% | 9451% | 79.48% | 67.75% | 74.67% | 7455% | 86.95% | 76.03% | 62.66% | 42.94%
R-sq-adj 89.23% | 94.23% | 78.20% | 66.16% | 73.32% | 73.34% | 86.53% | 74.94% | 61.45% | 4257%
Sample 89 103 103 129 159 178 193 209 257 1421

Notes. I-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively.
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Table 7.3: Akbar and Stark specifications: (1) earnings and dividend payments, deflated by book value.

Panel C : Full Sample
(g ) =y + 0y (k) + @, (g7 )+ s (g )+ A,GRO +

+A,GRO ,, + A;EXP + A4EXP ,, + A;ABD + AzABD ,, +5,-’,

MVE;, : Market value; BVE;, : Book value; D;:Dividends; E;,: Earnings;GRO : growth option; EXP : option to expand;
ABD : Option to abandon or default - months before exercise GROy, EXPy, ABD,; - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled

Intercept 1.243% 0.861 0.163 0.989 0.17 -0.213 -0.357*** 0.921*** 4.506*** 1.711**
1.831 1.22 0.552 1.229 0.963 -1.413 -2.025 1.685 4.569 6.242

1/BVE;,; 0.323 113 0.705*** 2.593*** 0.935*** 1.94% 1.268™* 2.278** 13.487*** 1.466™*
1.174 4.737 4.33 4.565 8.196 15.956 7.126 2.993 10.72 7.609

E;/BVE; 5.35 0.714 1.037** 3.869 0.627 -0.305™ 2.749™ 3.755*** 14.007*** | -1.293"
1.3 0.359 2.579 1.206 1.235 -2.45 2.971 1.117 -4.332 -2.343

D;/BVE}, 4.843 1.054 7.237* -8.585 9.436*** 9.068*** 13.837*** | 14.239*** | 49.397*** 16.29"
0.926 0.182 2.307 -1.022 3.936 5.086 5.345 2.109 4.831 6.891

GRO 0.775 -0.067 -0.373 0.073 0.335™ -0.074*** 1.043*** -0.3*** 0.532**
0.814 -0.308 -0.069 0.232 2.086 -0.231 3.965 -0.696 2.616
GROy 0.208 0.031 -0.045 1.845"** -0.778*** 0.428™ 0.095
0.284 0.077 -0.29 1.248 -1.088 0.351 0.208
EXP -0.208 -0.121 -0.04 0.253*** -0.045*** 0.201
-0.422 -0.332 -0.219 2.145 -0.077 0.676
EXPy 0.299 -0.294 -0.151 -0.065 -0.597** | -0.239*** -0.125
0.302 -0.077 -0.343 -0.788 -0.373 -0.257 -0.354

ABD -0.223 0.028 -0.237
-0.321 0.156 -0.491
ABDy 0.158 -0.028 -0.035 -0.874*** -0.159
0.229 -0.132 -0.312 -0.544 -0.354

R-sq 40.12% 43.37% 45.58% 42.35% 64.53% 83.56% 65.95% 54.99% 66.07% 30.48%
R-sg-adj 16.10% 18.81% 20.78% 17.93% 41.64% 69.82% 43.49% 30.24% 43.66% 9.29%
Sample 89 104 104 130 161 180 194 211 259 1435

Notes. t-statistics in italics. -, =, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively.

»
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Table 7.3: Akbar and Stark specifications: (1) earnings and dividend payments, deflated by book value.
Panel D : Restricted Sample

MVE , ,~BVE ,, . _ ;
%, )=0Cp + 01 Fyr; )+a2(BVE )+0‘3(BVE )

+ A;GRO + A,GRO |, +/13EXP + A4EXP , +A5ABD +;L,,ABD w T €

MVE,;, : Market value; BVE;, : Book value; RI;, : Residual income D;:Dividends; E;,: Earnings;GRO : growth option;
EXP : option to expand; ABD : Option to abandon or default - months before exercise GRO,, EXP,,, ABD,, - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 1.221** 0.495* -0.107 0.301 0.12 -0.099 -0.147* 0.724** 4.604*** 17
4.694 1.746 -0.595 1.6 0.765 -0.668 -0.775 3.187 19.698 13.991
1/BVE;; -0.159 0.301*** 0.545** 0.84*** 0.947** 1.523*** 0.683*** 0.776* 2.624* 0.235**
-1.461 2.857 5.508 5.931 8.155 8.169 2.053 3.281 3.632 3.875
E;v/BVE}, 2.801* -1.355 0.638* 0.712 0.386 0.409 2.075™* 3.514™~ -0.276"** 0.423*
1.807 -1.683 2612 1.131 0.904 1.598 2.296 3.318 -0.281 2.05
D, /BVE;; 3.991* 9.573*** 10.495*** | 12.621*** 9.507*** 8.171** 13.973"** 8.097** 2.893™ 7.282™*
1.696 4.057 5.541 5.538 4.846 4.525 5.607 2226 1.32 8.337
GRO 1.325"* -0.05 -0.455 0.098 0.312* -0.06™** 0177 0.069*** 0.227***
3.793 -0.385 -0.454 0.388 2.026 -0.193 1.943 0.916 4.125
GROy; 0.329 0.081 -0.045 1.84* 0.098*** 0.043** 0.124
1.228 0.331 -0.306 1.301 0.444 0.157 0.995
EXP -0.086 -0.106 -0.022 0.246** -0.048** -0.001
-0.434 -0.365 -0.128 2.182 -0.27 -0.009
EXPy 0.182 -0.201 -0.11 -0.061 -0.316* 0.508™* 0.113
0.459 -0.284 -0.313 -0.774 -0.649 216 1.225
ABD -0.054 0.037 -0.077
-0.413 0.259 -0.641
ABDy; 0.258 -0.02 -0.026 0.019
0.626 -0.122 -0.24 0.170
R-sq 56.79% 47.56% 64.11% 65.76% 61.84% 64.77% 58.57% 44.81% 38.46% 32.05%
R-sqg-adj 32.25% 22.62% 41.11% 43.25% 38.24% 41.95% 34.30% 20.08% 14.79% 10.27%
Sample 84 102 102 125 159 178 192 193 132 1308

Notes. t-statlistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes companies with MVE/BVE>9.
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Breaking down net cash flows to dividends and capital contributions (Table
7.4) gives the advantage of examining the validity of the Ohlson (1989) system of
linear information dynamics. If the Ohlson (1989) system holds, then the coefficient
of dividends is positive and statistically different from zero and the coefficient of

capital contributions will be negative and statistically different from zero®,

We run regressions for the period 1991-1999 for all companies having positive
book value (BVE;>0). Pooled data regression coefficients do not support the Ohlson
hypothesis. In particular, although the coefficient of capital contributions is negative
(-3.53) and significantly different from zero (at the 1% level), the coefficient of
dividends is negative (-6.34) and statistically significant (at 1%), in the contrary to
theoretical assumptions. The growth options contribute positively to company value,
but their coefficient is not statistically significant. Also, adjusted R-sq is extremely
high (79.99%).

Annual results give a somewhat different picture. The coefficient of capital
contributions is negative and significant during 1991, 1992, 1995 and 1999, whilst
positive and significant in 1994. However, the coefficient of dividends is positive for
all the examined years, in line with theoretical assumptions, also statistically
significant in 1991, 1992, 1993, 1994, 1996 and 1999. The coefficients of the real
options are not statistically significant. adjusted R-sq is high (from 54% up to 97%) in

the examined regressions.

If we exclude outliers, we have somewhat different results. We run a
regression for the period 1991-1999 for a trimmed sample. Unlike previous findings,
regression coefficients partly support the Ohlson hypothesis. The coefficient of the
capital contributions is negative (-3.82) and significantly different from zero (at the
1% level). The coefficient of the dividends is positive (2.29), in line with the Ohlsdn
theory, though statistically insignificant. Growth options contribute positively to
company value, but their coefficient is not statistically significant. In addition,

adjusted R-sq is high, whilst lower than previously reported findings (45.55%).

* As explained in Chapter 5, pp.147-148.
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The coefficient of dividends is positive for all the examined years except
1995, in line with theoretical assumptions. The coefficient is also statistically
significant in all years except 1994 and 1995. The coefficient of capital contributions
is unstable over time (negative and significant during 1994 and 1998, whilst positive
and significant in 1990 and 1993). The coefficients of the real options are not
statistically significant. adjusted R-sq is high (from 71% up to 94%) in the examined

regressions.

We now regress deflated values, as follows:

MVE, ,—-BVE,, . _ 7 E;, Dy, €ty
( BVE,, )=y toy( BVE, )+oy( BVE;, )+as( BVE, , )toy( BVE, , yt

+A;GRO+ A,GRO,, + A;EXP+ A EXP,, + AsABD+ A;,ABD,, +¢;,

Table 7.4 (Panel C) indicates that the presence of growth options for a month
increases the market value by 53.9%. Again, the coefficients of options to
abandon/default are negative, though statistically insignificant. These results indicate
that growth options are value relevant, even if we use dividends and capital
contributions as separate forecasting variables instead of using NSCF;.

Also, Panel C shows that the dividends (D;/BVE;;), the capital contributions
(CC;/BVE;;) and the earnings (E;/BVE;,) affect significantly the market value (at
1%, 5% and 5% significance level, respectively).

Similarly, growth options increase significantly company market value in the
restricted sample. (the coefficient of growth options is 0.228, and significant at the 1%
level). Also, dividends (D;/BVE;,), capital contributions (CC;/BVE;,) and earnings
(E;/BVE;,) affect significantly the market value, at the 1% level. Nevertheless,
earnings now have a positive effect on market value, and dividends have a smaller
regression coefficient. These results indicate that growth options are value relevant,

even if we restrict our sample.
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Table 7.4: Akbar and Stark specifications: (2) earnings, dividend payments and capital contribution
Panel A : Full Sample

expand; ABD : O

MVE=q, +0y; BVE+0, E + ;D +0,CC+4,GRO+A,GRO,, + A; EXP+A,EXP,, +A;ABD+A;ABD,, +¢;,

MVE;, : Market value; BVE;, : Book value; RI;, : Residual income D;:Dividends; CC;,: Capital contributions; E;,: Earnings; GRO : growth option; EXP : option to
tion to abandon or default - months before exercise GRO,,, EXP,,, ABD,, - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 13.049*** | 5.267*** SdT2™ 7.265™™" 7.483*** 2.943 -4.808" 5.967 44.216™ 2.937
4.071 3.826 2.928 3.461 3.902 0.827 -1.802 1.029 4.477 1.039

BVE;; 0.236 -0.399*** 0.105™ 0.395"** -0.03 i s T il o772 1.027*** 2,037 1.114*
0.687 -6.44 2.147 6.482 -0.289 -5.205 7.039 6.512 5.072 10.653

Eis -6.055*"* 2.688"* 3.93™* 2,677 6.286*** 15.127** 15.52*** 13.595*** | 19.764*** | 14.744**
-5.764 4.658 6.243 5.202 12.54 16.684 23.562 9.283 11.057 23.991

D;, 8.627*** 13.573™ | 7.501™ 9.854*** 0.893 5,787 -0.29 0.41 17.919** | -6.487*
3.108 8.289 3.618 5.741 0.573 3.362 -0.204 0.186 -5.685 -5.283

CCi; -6.994*** | -1.467*** 0.636 3.375™* -1.261* -0.015 -0.143 -1.316 -4.91*** -3.524*
-7.461 -2.749 0.354 4.158 -1.718 -0.004 -0.047 -1.359 -5.085 -8.548

GRO -2.251 -2.417 7.774 7.471 3.641 0.757 1.83 -6.038 3.03

-0.395 -1.279 0.499 1.537 0.67 0.107 0.581 -1.025 121 7F
GROy -0.987 -0.399 -0.758 3.663 0.152 -2.01 1.148
-0.218 -0.116 -0.149 0.112 0.018 -0.125 0.198
EXP -0.439 -1.284 -0.241 0.664 -3.739 -2.235 0.154
-0.342 -0.232 -0.04 0.254 -0.534 -0.256 0.041
EXPx -8.871* -1.728 -2.665 -0.559 -2.669 -1.458 -1.203
-2.915 -0.158 -0.397 -0.207 -0.138 -0.119 -0.272
ABD -0.5643 -0.661 2.665 0.906
-0.273 -0.239 0.339 0.150
ABDy 0.237 0.155 0.192 0.099 -4.512 -0.260
0.042 0.050 0.052 0.011 -0.213 0.802

R-sq 57.23% 89.49% 78.96% 71.93% 76.47% 90.47% 97.95% 94.11% 85.26% 80.19%
R-sg-adj 54.14% 88.85% 77.45% 70.34% 75.07% 89.97% 97.88% 93.82% 84.73% 80.05%
Sample 90 105 105 131 161 180 195 211 260 1435

Notes. t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively.
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Table 7.4: Akbar and Stark specifications: (2) earnings, dividend payments and capital contribution
Panel B : Restricted Sample
MVE=0,, +0,, BVE+0t, E +0; D +0,,CC+A,GRO+A,GRO,, + \;EXP+ ) ,EXP,, + \sABD+A;ABD,, +¢,,

MVE;, : Market value; BVE;, : Book value; RI;, : Residual income D;,:Dividends; CC;.: Capital contributions;: E;,: Earnings; GRO : growth option;
EXP : option to expand; ABD : Option to abandon or default - months before exercise GRO,, EXP,, ABD,, - months before expiry unexercised

Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 0.786 5.304** 5.516**" 7315 5.657*** 7.948™** -4.894* 6.125 20.518** 7.091*
0.637 3.821 2.919 3.455 2.789 3.641 -1.914 1.022 2.088 3.013
BVE;, 2.306** -0.399*** 0.105** 0.394** 0.475* -0.569** (a iy 724 Jdad 1.398*** 2714 1.422**
15.573 -6.411 2.133 6.45 1.922 -2.575 7.008 4.83 6.814 9.287
Ej e 2.685*"* 3.927*** 2.675*™ 6.47* 7.053*** 15.52"* 13.065*** | 24.417** | 7.883***
6.779 4.631 6.208 5.177 6.902 5.642 23.442 8.725 9.437 10.818
Dy, 7.697** 1357 7.501*** 9.852*** -3.344 5.058*** -0.294 -3.035 14.756*** -1.305
7.878 8.249 3.6 5.718 -1.559 3.499 -0.206 -1.064 -3.056 -0.843
CCy; 5.116™ -1.47*** 0.644 3.373* -1.51** 0.458 -0.157 -0.513 -3.999*** | -4.031**
8.557 -2.741 0.356 4.14 -2.047 0.208 -0.051 -0.486 -3.819 -7.298
GRO 0.065 -2.421 7.74 5.648 4.814 0.801 1.853 0.5 1.222
0.033 -1.275 0.495 1177 1.559 0.113 0.59 0.09 0.524
GROx 0.804 -0.407 -1.214 3.744 -0.024 0.182 1.19
0.506 -0.118 -0.421 0.114 -0.003 0.012 0.231
EXP -0.444 -0.984 -0.858 0.673 -4.208 -0.672 0.488
-0.344 -0.182 -0.254 0.256 -0.603 -0.083 0.147
EXPyx -8.861*** -1.751 -2.019 -0.695 -2.609 0.418 -0.499
-2.898 -0.159 -0.309 -0.453 -0.136 0.037 -0.127
ABD -0.548 -0.549 2.301 -0.327
-0.274 -0.203 0.294 -0.061
ABDy 0.223 -0.044 -0.604 -0.090 -1.355 -1.022
0.039 -0.014 -0.290 -0.010 -0.069 0.450
R-sq 94.70% 89.48% 78.92% 71.89% 75.36% 74.55% 97.95% 76.05% 64.74% 45.01%
R-sg-adj 94.31% 88.83% 77.39% 70.27% 73.87% 73.19% 97.87% 74.85% 63.45% 44.62%
Sample 89 104 104 130 159 178 193 209 257 1421

Notes. I-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes 1% of High BVE companies.

218



Chapter 7 Residual Income Valuation: Research Design and Empirical Results

Table 7.4: Real Options and Akbar & Stark specifications. Panel C : Full Sample

MVE ; —BVE ;, \ _ E,, Dy cCy,
(T,.i) =a, +a;( awﬁ‘ - )+o,( BV.!;;., )+ cxﬂm) + oy ( szi,.., )++A,GRO + A,GRO ,, + A;EXP + A,EXP , + A;ABD + A;ABD , +¢;,
Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 1.73* 0.625 -0.142 0.956 0.116 -0.195 -0.401** 0.789 3.766** 1.591***
2.443 0.89 -0.508 1.138 0.662 -1.247 -2.275 1.365 3.73 5.733
1/BVE;, 0.336 1.015*** 0.736** | 2.594** 0.902"* 1.936™* 1.26™ 2.287** 13.674™* 1.441*
1.146 4.221 4.946 4.548 7.973 15.83 7.147 2.987 10.95 7.484
E;/BVE}; 1211 0.595 1.064*** 4.062 1.292** -0.305** 2.875** 2.511 13.613"** -1.221*
-8.836 0.304 2.897 1.162 2272 -2.442 3.125 0.663 -4.279 -2.214
D, /BVE;; 22,238 2.198 8.138*** -8.814 8.444** 9.034™** 13.837*** 16.645™ 50.425"** | 16.426™*
5.852 0.384 2.834 -1.027 3.528 5.05 5.377 2212 4.95 6.96
CC;/BVE;,; -3.576™* -5.575™ -6.506*** -0.544 -0.589* 0.405 -1.76 -2.68 -7.01* -2.108**
-2.759 -2.125 -4.501 -0.143 -2.454 0.419 -1.48 -0.828 -2.323 -2.562
GRO 0.864 -0.027 -0.363 0.084 0.339™ -0.12 1.056*** -0.267 0.539***
0.851 -0.135 -0.067 0.271 2.101 -0.376 3.984 -0.622 2.655
GROy 0.181 0.083 -0.047 1.861 -0.741 -0.076 0.055
0.232 0.221 -0.303 1.266 -1.027 -0.061 0.12
EXP -0.173 -0.104 -0.042 0.257* -0.012 0.232 0.203
-0.357 -0.29 -0.229 2.19 -0.019 0.352 0.684
EXPy 0.302 -0.284 -0.155 -0.066 -0.78 -0.157 -0.118
0.31 -0.074 -0.357 -0.798 -0.48 -0.169 -0.334
ABD -0.22 0.027 -0.062 -0.221
-0.316 0.152 -0.091 -0.460
ABDy; 0.256 -0.016 -0.037 0.030 -0.770 -0.139
0.408 -0.077 -0.326 0.041 -0.482 0.097
R-sq 59.44% 22.42% 34.58% 17.95% 43.88% 69.85% 44.45% 30.47% 44.65% 9.71%
R-sq-adj 56.51% 17.62% 29.81% 13.24% 40.54% 68.25% 42.37% 27.00% 42.66% 9.07%
Sample 90 104 104 130 161 180 195 211 260 1435

Notes. t-statistics in italics. *, =, ***indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes companies with MVE/BVE>9. MVE,,: Market value; BVE;, : Book value; Riy :
Residual income; Ej:Earnings; Dj,: Dividends; CCy,: Capital contributions; NSCF;,- Net shareholders cash flows; GRO : growth option; EXP : option to expand; ABD : Option to abandon or default - months before exercise
GRO,, EXPx, ABD,, - months before expiry unexercised
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Table 7.4: Real Options and Akbar & Stark specifications Panel D : Restricted Sample

(_____“"E};;;ffﬁ‘-r J=ag +a (gE—)+a,( B,f;'“ )+ be:"“ Yra,( Bcvfg )+ +A,GRO +A,GRO , +A;EXP + A, EXP , +AsABD +AzABD ., +¢&;,
Period 1991 1992 1993 1994 1995 1996 1997 1998 1999 Pooled
Intercept 1.312** 0.519* -0.078 0.267 0.067 -0.068 -0.189 0.561** 3.498*** 1.067**

4.679 2.458 -0.42 1.395 0.436 -0.436 -1.01 2.416 13.083 13.3
1/BVE;; -0.172 -0.045 0.539*** 0.829"** 0.922*** 1.508*** 0.652** 0.793*** 4.224*** 0.232***
-1.561 -0.525 5.403 5.837 8.084 8.034 1.974 3.403 4.896 3.934
E,/BVE;, 2747 -0.842 0.628*" 0.985 0.994** 0.416 2.21* 23" 0.903 0.501**
1.748 -1.442 2.559 1.422 2.11 1.624 2.467 1.942 0.844 2.419
D;/BVE;; 4.076* 10.259*** | 10.477*** | 12.225"*" 8.645™ 8111 14.002*** | 10.647*** 1.174 7.275™*
1.728 6.011 5.515 5.274 4.447 4.481 5.659 2.835 0.473 8.357
CC,/BVEj, 1.126 0.459 0.847 -0.677 ] 53" 0.69 -1.895" -2.765™* -0.561 -0.76™*
0.878 0.359 0.683 -0.945 -2.787 0.742 -1.665 -2.775 -0.499 -3.138
GRO 1.2 -0.054 -0.445 0.108 0.318™ -0.108 0.183* 0.083 0.228**
3.773 -0.418 -0.443 0.437 2.059 -0.354 2.036 0.982 4.149
GROx 0.342 0.076 -0.049 1.854 0.145 0.19 0.126
1.274 0.31 -0.331 1.32 0.663 0.558 1.012
EXP -0.049 -0.091 -0.025 0.25™* -0.013 0.003
-0.343 -0.32 -0.145 2234 -0.07 0.034
EXPyx 0.057 -0.19 -0.115 -0.063 -0.503 0.146 0.114
0.2 -0.269 -0.334 -0.793 -1.038 0.704 1.241
ABD -0.05 0.036 0.03 -0.072
-0.387 0.258 0.15 -0.595
ABDy 0.249 -0.010 -0.029 0.196 -0.285 0.023
0.602 -0.056 -0.263 0.869 -1.005 0.110
R-sq 32.92% 31.87% 41.40% 43.68% 41.30% 4214% 35.66% 23.66% 14.88% 10.95%
R-sg-adj 27.69% 27.52% 37.03% 40.31% 37.76% 39.04% 33.22% 19.46% 10.73% 10.26%
Sample 84 101 102 125 159 178 193 193 173 1308
« « " indicate that the null hypothesis is rejected at 10%, 5% and 1% level respeciively. Restricted sample excludes companies with MVE/BVE>S. MVE,, - Market value; BVE;, : Book value; R, Residual income; E,r:Eamings; Dy

Notes. t-statistics in italics.

Dividends; CC, ¢ Capital contributions; NSCF;, Net shareholders cash flows; GRO : growth option; EXP : option to expand; ABD : Option to abandon or default - months before exercise GROx EXPxy ABD,; - months before expiry unexercised
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Chapter 7 Residual Income Valuation: Research Design and Empirical Results

Now all the results are presented in two tables. In Table 7.5 (Panel A), we
‘present all the regression statistics in those regressions where we do not use deflators.

Growth options have a positive regression coefficient, though statistically

insignificant.

Table 7.5: Real options and residual income: Summary of results
Panel A: Without deflators

reqﬁﬁ’?ﬂﬁl:ntsl Full Restricted Full Restricted Full Restricted
coelficiont sample sample sample sample sample sample
Intercept 3.265 7.892" 3.233 8.709"* 2.937 7.991**
1.155 2.974 1.116 3.227 1.039 3.013
NSCF; -3.774** -3.755"*
-9.464 -7.115
BVE;; 1.006*** 1.55*** 1.138*** 1.415™ 1.114** 1.422***
10.711 11.625 10.619 9.071 10.653 9.287
E;: 13.991 8,342 15.48*** 8.744* 14.744™ 7.883**
26.695 12.339 24.821 11.940 23.991 10.818
Dy By -0.789 -6.487* -1.305
-4.602 -0.501 -5.283 -0.843
CCi; -3.524*** -4,031***
-8.548 -7.298
GRO 2.844 1.237 1.705 1.167 3.03 1.222
1.104 0.530 0.648 0.492 1.177 0.524
GRO« 1.196 1.166 1.798 1.534 1.148 1.19
0.206 0.226 0.303 0.293 0.198 0.231
EXP 0.192 0.454 -0.06 0.261 0.154 0.488
0.051 0.136 -0.015 0.077 0.041 0.147
EXPy -1.286 -0.39 -1.455 -0.896 -1.203 -0.499
-0.290 -0.099 -0.321 -0.224 -0.272 -0.127
ABD 0.837 -0.314 0.82 -0.339 0.906 -0.327
0.139 -0.058 0.149 -0.062 0.150 -0.061
ABDy, -0.232 -1.086 -0.323 -1.166 -0.26 -1.022
-0.041 -0.216 -0.056 -0.228 -0.046 -0.204
R-sq 80.11% 44.90% 79.17% 65.53% 80.19% 45.01%
R-sg-adj 79.99% 44.55% 79.04% 42.94% 80.05% 44.62%
Sample 1435 1421 1435 1421 1435 1421
Notes. t-statistics in italics. % ** ***indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted

sample excludes companies with MVE/BVE>9. MVE,; : Market value, BVE;, : Book value; Rij, : Residual income; Ej;:Earnings; Dj:
Dividends; CC;: Capital contributions; NSCF,,: Net shareholders cash flows; GRO : growth option; EXP : option to expand; ABD :
Opticn to abandon or default - months before exercise GROy, EXP,,, ABD,, - months before expiry unexercised

In Panel B of Table 7.5, we illustrate all the regression statistics in those
regressions where we use deflators. Growth options have a positive and statistically
significant regression coefficient in all but two regressions. Besides, growth options
are always positive and significant if we exclude companies having high market value

over book value.
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Table 7.5: Real options and residual income: Summary of results

Panel B: Deflated data
Sample Requirements/ Restricted Restricted Restricted Restricted
Coefficient Full sample sample Full sample sample Full sample sample Full sample sample
1/BVE;,; 2.321** 0.38*** 1.006*** 0.329*** 1.466"™* 0.235™* 1.441*** 0. 232
7.866 5.229 10.711 5.504 7.609 3.975 7.484 3.934
RI,/BVE}, -0.577 T Ha
-0.810 5472
NSCF,/BVE; -3.774* -0.188
-9.464 -0.778
BVE,/BVE,; 2.961*** 1.597*** 3.265 1.455*** 1.711** il b 1.591*** 1.067***
8.777 22.258 1.155 20.994 6.242 13.991 5.733 13.300
E,/BVE: 13.991*** 1.173** -1.293** 0.423** -1.221* 0.501**
26.695 5.906 -2.343 2.050 -2.214 2.419
D;/BVE;; 16.29*** 7282 16.426™* 7.275%
6.891 8.337 6.960 8.357
CC,/BVE;, -2.108** -0.76***
-2.562 -3.138
GRO 0.112 265" 2.844 0.233*** 0.532*** 0.227*** 0.539*** 0.228™**
0.386 4.286 1.104 4.126 2616 4.125 2.655 4.149
GROy 0.132 0.106 1.196 0.1 0.095 0.124 0.055 0.126
0.214 0.780 0.206 0.779 0.208 0.995 0.120 1.012
EXP 0.243 0.021 0.192 -0.029 0.201 -0.001 0.203 0.003
0.606 0.204 0.051 -0.291 0.676 -0.009 0.684 0.034
EXPx -0.13 0.14 -1.286 0.145 -0.125 0.113 -0.118 0.114
-0.275 1.412 -0.290 1.534 -0.354 1.225 -0.334 1.241
ABD -0.387 -0.097 0.837 -0.105 -0.237 -0.077 -0.221 -0.072
-0.600 -0.749 0.139 -0.853 -0.491 -0.641 -0.460 -0.595
ABD,; -0.347 -0.04 -0.232 -0.026 -0.159 0.019 -0.139 0.023
-0.576 -0.326 -0.041 -0.220 -0.354 0.170 -0.310 0.213
R-sq 5.64% 5.71% 80.11% 551% 30.48% 32.05% 9.71% 10.95%
R-sg-adj 5.05% 5.05% 79.99% 4.86% 9.29% 10.27% 9.07% 10.26%
Sample 1285 1150 1435 1308 1435 1308 1435 1308
Notes. I-stalistics in ftalics. =, -, - indicate that the null hypothesis is rejecled al 10%, 5% and 1% level respectively. n_s!ﬁcfsdsampfa ‘excludes companies with MVE/BVE>9. MVE: Market value; BV E: Book value, RI : Residual income GRO : growth option; EXP : option to

expand; ABD : Option to abandon or default - months before exercise GROw, EXPa, ABD, - months belore expiry unexercised
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Chapter 7 Residual Income Valuation: Research Design and Empirical Results

7.3 Comparison with previous studies

Since this part of the study investigates whether real options are value relevant
in the context of residual income valuation, the findings can be compared to other
studies in the area. Growth options are found to be a significant factor in explaining
market returns in the context of residual income valuation. Excluding extreme
MVE,;/BVE;, observations as well as companies that have negative closing book
value, the existence of the growth options for a month increases, on average, the
company's market value by 11.2% of the book value, in the examined nine-year
period (1991-1999), though statistically insignificant. Restricting further our sample
by excluding extreme MVE;/BVE;; observations indicates that the presence of the
growth options for a month increases the company's market value significantly (by
26.5% of the book value, at the 1% level of isignificance) but the options to expand
are insignificant. The residual income model has lower predictive ability compared to
the predictive ability of the models examined in Sougiannis (1994) and Green, Stark
and Thomas (1996). In the full sample, the coefficient of residual income
(RI;,/BVE;;) is found to be insignificant and negative. Excluding extreme
MVE;/BVE;; observations leads to higher than the unity (1.153) coefficient of
residual income at the 1% level of statistical significance, though still lower to those
found in other studies (in Sougiannis study the coefficient of RI;/BVE;, is 2.75 and in
the GST study it is 4.65 and 4.77). Maybe the inclusion of the real options captures an
important part of residual income value.

Nevertheless, the intercept, the closing book value and the residual income are
found statistically significant and positive as in the Green, Stark and Thomas (1996)
study. The regression coefficient of the book value is found higher in our study (1.597

versus 0.860 and 0.910 found in the Green, Stark and Thomas (1996) study).
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Table 7.6: Real Options and Residual Income:
Comparison with findings in Green, Stark, Thomas (1996) and Sougiannis (1994)

BveBVE| 1BvE | RBVE | RoBVE | GRO | GRO. | ExP | ExP. | ABD | ABD. | A As A A j X Foud | Bepy | Sample | A2
gﬂgﬁ"}u" 2.961*** |2.321***| -0.576 0112 | 0132 | 0.243 | -0.129 | -0.386 | -0.346 s | s
i 8.777 | 7.866 | -0.81 0.385 | 0.213 | 0.606 | 0275 | 0.6 | -0.575

ple

gt:g;"‘ 1.597*** | 0.380*** [ 1.153** 0.265**| 0.106 | 0.021 | 0.14 | -0.096 | -0.039 1150 | 5.7%
restricted | 22257 | 5.228 | 5.471 4285 | 078 | 0204 | 1.412 | -0.749 | -0.325
Green, 5
Stark: 091 | 49713 | 477 | 484 -1.09 | 0.1 | 1.99 | -0.44 | 0.85 | -0.02 91.7%
Thomas | 179 | 259 | 1547 | 82.67 139 | 0.23 | 4.56 | -0.57 | 1.64 | -1.76
(1996) -a [ [2.36] | [1.67] | [9.42] | [48.50) [-1.72]] [0.26] | [3.77] | [-0.62]| [2.01] |[-2.03]
g{;ﬁ(”' 086 |4301.1| 465 | 4.86 91.4%
Thomas | 863 | 251 | 15.07 | &2.01
(1996) -b [[9.95] | [1.54] | [8.03] | [47.85]
Sougiann | o055 | 0.222 |2.757***|3.321** 0068 | 0.504 Bas
s (1994) 5659 | 0.366 | 6.453 | 7.539 ~185 | 1227

Notes. t-statistics in italics. *, *

]

3

indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes companies with MVE/BVE>9. MVE : Market value;

BVE : Book value; RI : Residual income GRO : growth option; EXP : option to expand; ABD : Option to abandon or default - months before exercise GROyx, EXPy, ABDy - months before expiry

unexercised
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Chapter 7 Residual Income Valuation: Research Design and Empirical Results

Real options are not value-relevant when net dividends are factored in residual
income regressions. Besides, in the study made by Akbar and Stark (2001) net
dividends (INSCF;;) are negatively associated with market value, while in our study
the effect of net dividends (NSCF;;) to the company value is statistically insignificant.
However, we find that market value is positively associated with earnings and book
value. Besides, the regression coefficients of earnings and book value are found very
similar to those in the Akbar and Stark (2001) study. Namely, if we exclude from our
sample extreme MYV;/BV;, observations, the regression coefficient of earnings is
1.173, while in Akbar and Stark (2001), it is found to be 1.400. Similarly, the
regression coefficient of book value in our study is 1.566, while in Akbar and Stark

(2001) it is 1.920 (Table i Panel A).
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Table 7.7: Real options and the components of residual income: Comparison with
findings in Akbar, Stark (2001). Panel A

1/BVE BVEBVE | E/BVE RD/BVE | NSCF/BVE GRO GROy EXP EXP, ABD ABD, Sample R R -adj
Current Study,

Full sample 1.762** | 2.508*** 0.368 -0.0008 0.542*** 0.022 0.139 -0.072 -0.306 -0.266 1435 6.3% 5.7%
t-stat 9.218 9.926 0.712 -0.001 2.621 0.048 0.46 -0.202 -0.627 -0.583

Current Study,

Restricted sample 0.329*** | 1.455*** | 1.173*** -0.187 0.233*** | 0.1002 -0.028 0.145 -0.104 -0.025 1308 5.5% 4.9%
t-stat 5.503 20.99 5.905 -0.778 4.126 0.779 -0.29 1.534 -0.853 -0.219

Akbar and

Stark (2001) 2357.37 1.92 1.4 10 -1.11 15.0%

p-value 0 0 0 0 0

Notes. t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes companies with MV/BV>9. MV : Market value; BV
: Book value; Rl : Residual income GRO : growth option; EXP : option to expand; ABD : Option to abandon or default - months before exercise GROy, EXPx, ABDy - months before expiry

unexercised
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In the opposition to the previous findings, real options are value-relevant when
the dividends and the capital contributions (constituents of net dividends) are factored
in regressions with earnings and book value (Table 7.7, Panel B). The thesis also
indicates that dividends are positively associated with market value, whereas capital
contributions are negatively associated with market value, in accordance with Akbar
and Stark (2001), indicating that the clean surplus hypothesis is supported by the
findings of our study. Similarly, in the same regressions, earnings and book value are
associated positively with market value. Moreover, alike in Akbar and Stark (2001),
the coefficients of book value and earnings appear consistently lower in that model
compared to the model that has NSCF;, as a separate explanatory variable. The
coefficients of growth options appear consistent. There is also a typical increase in
explanatory power associated with the partitioning of NSCF;. This increase is
significant from a statistical point of view and is generally substantial in a numerical
sense. This indicates that dividends contribute to a higher regression fit when factored
as a separate variable. Both the increase of regression fit and the different sign of
regression coefficients of dividends and capital contributions lead to the conclusion
that it is inappropriate to amalgamate dividends with capital contributions into

shareholder cash flows as if the two components have identical effects on explaining

market value.
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Table 7.7: Real options, dividends and capital contributions: Comparison with
findings in Akbar, Stark (2001). Panel B

1/BVE BVE/BVE E/BVE RD/BVE D/BVE CC/BVE GRO GROy; EXP EXPy ABD ABD,, Sample R? R? -adj
Current Study,
full sample 1.441** 1.591*** | -1.220** 16.426*** | -2.107** | 0.539*** 0.055 0.203 -0.117 -0.220 -0.138 1435 9.7% 9.1%
t-stat 7.484 5.733 2213 6.959 -2.562 2.655 0.120 0.683 -0.333 -0.459 -0.309
Current Study,
restricted sample | 0.232*** 1.067*** 0.501** 7.275*** | -0.759*** | 0.228™* 0.126 0.003 0.114 -0.071 0.023 1308 11.0% 10.3%
t-stat 3.934 13.299 2.418 8.357 -3.137 4.148 1.011 0.034 1.241 -0.595 0.213
Akbar and
Stark (2001) 2339.01 0.88 0.53 8.98 17.04 -1.61 28.0%
p-value 0 0 -0.02 0 0 0

Notes. t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes companies with MVE/BVE>9. MVE: Market value;
BVE : Book value; Rl : Residual income GRO : growth option; EXP : option to expand; ABD : Option to abandon or default - months before exercise GROy, EXP., ABDy - months before expiry
unexercised
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Real options are value relevant even if we examine dividends as a separate
explanatory variable in the models. Similar to Akbar and Stark (2001), the
coefficients of book value and earnings appear consistently lower in that model
compared to the model that has NSCF, as a separate explanatory variable (Table 7.7,
Panel C). The coefficients of growth options appear consistent indicating that it is
possible to rely on the results with respect to the signalling effects of growth options
because the coefficient of the growth option is uncorrelated with other coefficients.
There is also a typical increase in explanatory power associated with the partitioning

of NSCF,. These findings are similar to these in Akbar and Stark (2001).
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Table 7.7: Real options and dividends: Comparison with

findings in Akbar, Stark (2001). Panel C

1/BVE BVE/BVE | EBVE RD/BVE D/BVE GRO GRO,; EXP EXPyq ABD ABD, Sample R R -adj

Current Study,

Full sample 1.466™* 1.711™ | -1.292* 16.290*** 0.532** 0.095 0.201 -0.124 -0.236 -0.158 1435 9.3% 8.7%
t-stat 7.609 6.241 -2.343 6.890 2.615 0.207 0.675 -0.353 -0.491 -0.353
Current Study,

Restricted sample 0.235** 1.110* 0.423* 7.282*** 0.227™* 0.124 -0.0008 0.113 -0.076 0.019 1308 10.3% 9.7%
t-stat 3.974 13.990 2.050 8.336 4.125 0.994 -0.008 1.224 -0.641 0.169
Akbar and

Stark (2001) 2702.14 1.05 0.4 9.73 17 24.00%
p-value 0 0 0.08 0 0

Notes. t-statistics in italics. *, **, *** indicate that the null hypothesis is rejected at 10%, 5% and 1% level respectively. Restricted sample excludes companies with MVE/BVE>9. MVE : Market
value; BVE : Book value; Rl : Residual income GRO : growth option; EXP : option to expand; ABD : Option to abandon or default - months before exercise GROx, EXPx, ABDyx - months

before expiry unexercised
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7.4 Summary & Conclusions

We tested the hypothesis that real option announcements are recognised by the
ASE market, by examining the abnormal returns over the real option announcement
period (or real option-signalling period). The results reject the hypothesis that the real
options are not recognised in the market place and indicate that market participants
are normally informed one day before the announcement. Examined in a different
way, the value of the company increases till the third day after real option
announcement. In particular, the existence of the real options gives cumulative
abnormal returns of 2.45% for the period (-5, 3). Statistically significant cumulative
abnormal returns are also reported for different periods; however the premium is

smaller for those periods.

We then examined whether the type of option is associated with different
premiums. The findings indicate that, on average, the announcement of the growth
options is associated with a premium, while companies that possess the option to
default trade on a discount before the option initiation. These findings confirm and, in
a way, extend findings in Kester (1984), Paddock, Siegel and Smith (1988), Panayi
and Trigeorgis (1999), Benaroch and Kauffman (1999), Kellog, Charmes and Demirer
(1999). However, the existence of an option to increase capacity does not have any

effect on company value probably because analysts have already accounted for it well

before the announcement.

Our interest is also extended to the effect of option exercising. We investigate
whether companies that exercised their options had a premium over the companies
that let them expire. To examine whether the real options contribute during their
lifetime to the company’s value in the share market, we also compute the difference

between the stock return and the index performance over the examined periods, called

in our study ‘excess return’.
Investors give on average a small discount to companies that let their real

options expire while they give an enormous premium (19.19%) to companies that

exercised their options. To examine whether there is any “information content” in the
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market place over the possibility of a real option to be exercised in the future, we split
cumulative abnormal returns and cumulative excessive returns over the index in two
periods. Our results indicate that there is “information content” in the share market
about the possibility to exercise the real options. Companies who possess options that
expired had, on average, low and statistically insignificant abnormal returns during

the “option announcement” period.

On the other hand, companies who possess options that expired had on
average high abnormal returns during the “option announcement” period. Nearly 28%
of excessive returns are realised on average around the signalling period, in the case
of exercised real options. The latter is in line with real option theory. We assume that
there is information content during the signalling period, because market participants

assess during the early stages the possibility for company managers to exercise real

options.

In addition, both theoretical DCF values and theoretical growth option values
are initially regressed against cumulative abnormal stock returns, and then they are
regressed over excess abnormal stock returns. We conclude that real options are
associated with better regression fit, compared to DCF values. We also find that, in
the case of option to expand theoretical values are generally higher than observed
market valuations. Since theoretical option values provide better predictions of market
values than DCF values, our results coincide with the findings of Howell, Jagle
(1997) and Paddock, Siegel, Smith (1988). In the current study, there is also an
evidence that the capital market tends to overvalue growth options. These findings are

in line with the conclusions in Kellog, Charnes and Demirer (1999) and in Schwartz,
Moon (2000).

In addition, the study develops models that explain the corporate valuations
that the capital markets place on firms and, in particular, the role of accounting
information in these models. To achieve this target, we try to investigate whether the
real options are significant explanatory variable in the context of ‘clean surplus’
hypothesis. We run several regressions to examine this relationship. The models
employed in these cross-sectional regressions assume that the value of the assets in

place (market value of company equity) can be modeled as the sum of book value
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plus the discounted value of residual income stream. In other words, the market value
of a company is modeled as a linear function of earnings, closing book value, net
dividends while a less restricted form of the ‘clean surplus equation’, allows for other
control variables that capture the value not controlled by earnings, book value and net
dividends. Assuming the real options may account for part of future residual income
stream, our study investigates the predictive ability of the real options by inducing the
real options as dummy variables. To control for size, fundamental factors (earnings,

closing book value, and net dividends) are also deflated by book value.

We provide some evidence that the real options contribute positively to
company market value in the context of residual income. In particular, market value is
found to be affected positively and significantly by the real options. The existence of
the growth options for a month increases, on average, the company's market value by
0.261 times the book value during the 1991-1999 period.

Similarly, the existence of the options to expand for a month increases, on
average, the company’'s market value but not in a statistically significant way. The
study provides evidence that growth option dummy variable has statistically

significant effect on company's market value in most regressions.

Our conclusions have further importance and validity since they are partly in
line with the findings of other researchers that investigate the °‘clean surplus
hypothesis’ (Green Stark and Thomas, 1996). In particular, intercept, as well as the
coefficients of the explanatory variables I/BVE;; and RI;/BVE;;, 1respv.=:ctivc313,r5 are
positive and significantly different from zero (the null hypothesis is rejected at 1%,
1% and 10% respectively for 1991-1999 period as well as for most of the examined
years). However, Regression fit, as measured by R-sq, is found to be between 9%-
64% in our annual regressions whilst in the study made by Green Stark and Thomas
(1996), R-sq is 91.4%. Also the study indicates that restricting the sample to
companies having low market over book value (MVE;/BVE;>9) leads to

increasingly significant coefficients for the period, whilst the coefficient is positive

3 in the regression
MVE ; ,~BVE ,, 1 RI,;,
(T)= Xy +a1(ﬁ'—:)+ 'B(B_VE_;T)"-AIGRO + J.ZGRO xt +A.3EXP + ]»‘EXP nt J.SABD +116.4.BD o T EI¢
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and significant for most of the years. We note that the comparable studies use similar

restrictions in the examined samples.

Regression coefficients for earnings, book value, dividends and capital
contributions are significant and have the same magnitude as in the study of Akbar

and Stark (2001). These findings also support the clean surplus hypothesis.

Overall, our study leads to interesting conclusions.

First, there is some support for the hypothesis that the growth options are
value relevant even in the context of residual income valuation, since they contribute
to the predictive ability of our models when we deflate our variables. There is also
weak support over the hypothesis that options to invest are value relevant.

Second the results do not provide any support for the hypothesis that options
to abandon and options to default are value relevant. The magnitudes of coefficients
of abandonment options/ options to default are statistically insignificant.

Third, there is some support for the predictive ability of the residual income
model; our findings over the predictive ability of residual income model are generally
in line with findings from UK and USA researchers.

Also, regression statistics indicate that the market seems to compensate the
growth options that were finally exercised.

Besides, the findings from cross-sectional models match the findings from the
part of our study that examines the effect of option announcements to companies'
value. In particular, our event study finds that exercised growth options compensate
for company market value. These findings are, in a way, similar to findings
concerning the effect of R&D announcements in other markets. In that respect, our

study should provide a link between the real option theory and market valuation.

In contrast to other studies in real option valuation (Otto, 2000) that use
market over book value as proxy of the growth options, our study indicates that
excessive market over book value multiples are only partly explained by real option
value. Maybe excessive market over book value multiples are partly also due to
interest rates moves and market liquidity reason (excessive fund inflow in stock

markets during specific years). Nevertheless, our study provides evidence that the real
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options proxied by a dummy variable are value relevant and can explain a significant
appreciation of market value over book value.

Furthermore, the appreciation of company market value due to the real options
is found analogous to real option duration.

Besides, the joint indications that (a) growth options contribute to company
value if they are exercised and (b) the longer the duration of growth options, the
higher the appreciation of company market value, lead to the conclusion that the
results of this study are in line with observed practices of market value appreciation of
companies having growth options that are exercised and have long duration, like
Internet companies. Therefore our findings may partly explain the continuous
appreciation of Internet companies.

Last, but not least, the way our study confirms, and in a way extends, previous
findings in the area of economic determination of market rationality may give
incentives to other researchers to investigate whether real options are also value

relevant in other capital markets in the context of residual income models.
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CHAPTER EIGHT

SUMMARY AND CONCLUSIONS

This thesis demonstrates how real options that arise from the strategic
opportunities facing a company can play an important part in the company’s
valuation. In addressing this issue, the thesis examines four main research questions.

First, the study examines whether real option announcement are recognised by
the marketplace. To answer this question, abnormal returns were examined over the
real option announcement period. The results reject the hypothesis that real options
are not recognized. They also indicate that market participants are normally informed
on the day before real option announcements, and also that the value of the company
continues to increase until the third day after the real option announcement. In spite of
this apparent inefficiency in pricing<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>