JIAN WU*
Full Professor
of Finance
Neoma
Business

School, France

WHEN FINANCIAL DERIVATIVES CAN
BE APPLIED TO THE REAL ECONOMY
—THE CASE OF EXOTIC OPTIONS IN
CORPORATE FINANCE

B ]. INTRODUCTION

Over the last few decades, financial markets have made
unprecedented development. Transactions are becoming
faster and safer thanks to the progress made in informa-
tion and communication technology. At the same time,
with the help of mathematical models, a large number of
financial preducts have been invented to meet investors’
specified needs in their investment and risk management
process. Such progress helps financial markets better
fulfill their economic function which consists in capital
and risk reallocation.,

The only possible downside of this amazing development
is that financial markets and their instruments are becom-
ing more and more complicated. As a result, they turn out
to be little accessible and hardly comprehensible by most
investors. For example, exotic options are tailor-made to
satisfy investors’ specified requirements in theircurrency and
interest-rate risk management. As they respond better to users’
expectations in terms of marketanticipation, exotic options
are considered as more effective than traditional options in
terms of risk reallocation. However, most research conducted
on the topic is published in specialized academic reviews
while focusing on mathematical modeling and/or statistic
tests withoutalways providing understandable explanations
andjor concrete applications in 4 real economy context. As
aresult, after their impressive development over 30 years,
exotic options still remain little known to many investors,
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Misunderstanding may lead to misuse of financial prod-
ucts, which may induce mistaken investment decisions
aud inappropriate risk-taking, while proper understand-
ing can avoid a large part of the problem. Let’s take the
example of structured products — a family of innovative
instruments resulting from financial engineering. Mar-
keted through mutual finds and life-insurance funds,
distributed by banking networks, structured products
are usually composed of two or more components. Some
of these components are traditional financial assets such
as bonds, stocles and equity indexes, while at least one of
them is a derivative product {see Das (2000)). Structured
products were introduced to investors to give them access
to non-standard financial instruments by providing them
with “an alternative to standard direct portfolio allocation”
(see Bertrand and Prigent (2015a)). Their economic added-
value involves basically offering “structures with special risk{
return profiles that may not be otherwise attainable on the
capital marketwithout significant transaction costs being
incurred — at least for private investors” (see Stolmenoy
and Wilkens (2005}, Bertrand and Prigent (2015b)). In
this sense, structured products conteibute to completing
financial markets and making the economy more efficient.

The most typical structured products are “capital-guar-
anteed funds” and “capital-protected funds”. Capital-
guaranteed funds provide investors with a “guarantee
of 100% of their capital”, while capital-protected funds
offer them a “protection of capital at a certain level (for
example 80% or go%)”. Both of them allow investors to
take advantage of a possible market increase through
the benchmark index while protecting them against a
market decline at a certain level. It is not always easy for
investors, in particular for non-sophisticated ones, to well
understand the mechanism of these finds so as to distin-
guish between them. For example, in a capital-protected
fitnd where the capital gain or loss is linked to an equity
index, some investors may believe that their capital will
remain intact in any situation while in reality they may
lose part of their capital in the case of 2 market decline.

According to Célérier and Vallée (2013), product com-
plexity has been constantly increasing due to competi-
tion between financial service providers, and this even




after the 2008 financial crisis. This conmplexity is still
more significant in the products distributed by networks
whose customets are the least sophisticated, which is
for example the case of savings banks. In this respect,
there Is a clear gap between supply-side complexity and
demand-side sophistication, which inevitably leads to a
high level of information asymmetry between the product
structurer (who is usually the final provider or hedger of
the derivative component, which is the case of invest-
ment banks such as JP Morgan and Goldman Sachs), the
product distributor (who acts as an intermediary, which
is the case of retail banks such as Caisse d’Epargne and
Banque Postale), and the final consumer (i.e., mass-
market retail investors).

In atransaction, a situation of asymmetric information
could be harmful because one party can take advantage of
the other party’s lack of knowledge to make the deal in his
or her favor. In the case of structured products, the only
party who is able to have a perfect mastery of the situation
is the product structurer, while the other two parties (in
particular the final consumer who subscribes to a prod-
uctjust because he or she trusts the product distributer)
have limited ability to well understand the mechanism
andfor the risk of the product. To reduce information
asymmetry, we need to reduce the gap between supply-
side complexity and demand-side sophistication. This
means that we need to reduce product complexity from
the supply side on the one hand and increase investors’
sophistication from the demand side on the other hand.

To reduce product complexity, the aspect of investor
protection needs to be reinforced through market disci-
pline (including regulation and supervision by financial
authorities as well as the establishment of standards and
codes of good conduct for financial service providers). To
raise investors’ financial literacy level, the first thing to
be done is to give investors an appropriate insight of the
existing products. For this, Bertrand and Prigent (2015b)
analyze the main characteristics (including issuer, finan-
cial mechanism, maturity, and type of underlying-assets)
of the structured products sold on the French market
providing a guarantee for the whole part of investment
capital. They also propose a typology which classifies
these guaranteed funds into 11 groups while examining the
issue of fair pricing relative to the Black-Scholes model.

From this study, two observations can be made. First,
the mechanism of structured products is very complex.
Second, most of the examined guaranteed funds reveal
the characteristics of exotic options. More precisely,
among the eleven groups of products, at least seven
have a financial mechanism belonging to exotic options.
Some of them have only one “exotic feature”, which is
for example the case of “fund with potential redemption
before maturity”, “Asian type”, “fund based on average
of past performances”, “lookback type”, “truncated
OBRI", and “binary option type”, while others have two
or more “exotic features”, which is the case of “truncated
OBPI (average)” which combines the properties of binary
options and Asian options. As a result, if investors want
to understand the mechanism of structured products,
they need to understand beforehand the mechanism of
exotic optious.

In this respect, Wu et al. (2011) propose a classification
methodology which structures exotic options according to
whether or notthe five conditions respected by traditional
options are met. Such a structure would help investors
better discern the difference between traditional options
and exotic ones. .

On this basis, to help non-sophisticated investors improve
their literacy in exotic options, a good way is to show how
these preducts work in a context where “real economy”
makes sense. Such an approach has the advantage of focus-
ing on the economic rationale rather than on quantitative
skills. This concern is the very purpose of the present paper.
I fact, as far as we know, applications of exotic options in
corporate finance have not yet been examined in a system-
atic way even though the topic of exotic options has been
extensively analyzed in the field of financial markets. Our
work aims to contribute to filling this gap by providing a
coinprehensive synthesis of this topic.

Corporate finance deals with financial decisions made
by corporate managers. These decisions can be grouped
into four main categories, namely long-term investments,
long-term financing, short-term cash management and
strategic management, Option applications in short-term
cash management involve essentially operations in financial
markets. This subject has already been largely dealt with
in the literature, which is devoted to risk management.
TFor this reason, in the present article, we choose to focus
exclusively on applications of exotic options in three other
categories from a “corporate” point of view,

Even though options have been developed essentially in
the field of financial markets, the seminal work which trig-
gered this impressive development was made in the {ield
of corporate finance, more precisely in capital structure
analysis based on the option approach (see Black and Scho-
les (1973), Merton (1g73)}. In fact, when a firm is financed
with equity and a single zero-coupon bond, shareholders'
wealth can be analyzed as a European call option with the
value of the firm as underlying-asset price, the face-value
of'the bond as strike-price, and the repayment date of the
bond as maturity date, Within this framework, once the
bond is no longer a simple zero-coupen, shareholders’
wealth is nolonger a traditional option, butan exotic one,
Given the importance of the option approach in equity valu-
ation, we think that it is important to add a fourth part to
our analysis in which will be developed the most common
applications of exotic options in capital structure analysis.

The rest of the paper is organized as follows. Section 2
presents briefly the main characteristics of exotic options
and their classification. Section 3 illustrates how exotic
options can be used in corporate finance. Section 4 sum-
marizes the main results obtained in this article and
presents some concluding remarks.

MW II. CHARACTERISTICS OF
EXOTIC OPTIONS

The original purpose of financial markets was “capital
reallocation” which involves transferring capital from
lenders to borrowers, With the development of derivative
markets since the 1970s, this purpose has been extended
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to “risk reallocation” which involves transferring rislk
from “risk givers” to “risk takers”. Since then, derivative
markets have become an integral part of financial markets.

In financial derivatives, options are distingunished from
definitive or unconditional contracts such as forwards,
futures, and swaps due to their asymmetry in terms of
gainfloss between option-buyer and option-writer, Options
can be classified in different ways. For example, according
to the right to buy or sell, call options are distinguished
from put options. According to the period during which
options can be exercised, Buropean options are distin-
guished from Bermuda and Amierican options. Depending
on the erganization of the market on which options are
traded, exchange-traded options are distinguished from
over-the-counter (OTC) options. According to the nature
of the underlying-asset, stock options are distinguished
from stock-index options, fixed-income instrument
options, currency options, credit options, commodity
options, and energy options. Binally, according to the
mechanism of the option contract, exotic options are
distinguished from traditional or plain-vanilla options.

Relative to traditional options, exotic options are char-
acterized by thejr ability to be tailor-made to satisfy inves-
tots' specific needs. The first exotic options appeared in
Tokyo in the 1980s and were named “Asian options”. In
1991, Mark Rubinstein published a working paper entitled
“Bxotic options” by assembling his researches related to
the topic (see Rubinstein (rggra)). Since then, the term
“exotic option” has become popular, and all options,
which are somewhat different from traditional ones are
considered as “exotic”.

On derivative markets, mostexotic options are traded on
OTC markets with the exception of some rare ones listed in
Exchanges {suchas the binary options on the equity index
S&P 500 and the binary options on the implicit volatility
index VIX which are both listed in the Chicago Board of
Option Exchange). The attributes of exotic options are
also commonly integrated into other financial contracts
(including real-estate contracts, corporate financing con-
tracts (as shown in §3.2), incentive remuneration plans
(as shown in §3.4), and structured funds provided by asset
management companies}. Even without being a legally
binding contract, the mechanism of exotic options is also
embedded in the process of corporate financial manage-
ment (as in investment decision-making (see §3.1) and
in capital structure analysis (see §3.3)).

To define and classify exotic options, we have adopted
the methodology proposed by Wu ez al. (2011). According
to this method, an exotic option is an option for which
at least one of the five “traditional” conditions met by
plain-vanilla options is not met, These five traditional
conditions are as follows: 1) the activation of the contract
is unconditional; 2) the maturity date cannot be changed;
3) the option premium payment is unconditional and
definitive; 4) all variables of the option contract (i.e., the
underlying-asset price, the strike-price, and the option
price) are denominated in the same currency; 5) the
option-payoff is limited to the “traditional form” which
is the positive or negative part of the difference between
the spot price of the underlying-asset and the pre-fixed
strike-price,
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As soon as one of these conditions is not met, the
option becomes exotic. For example, for barrier options,
the condition on the unconditional activation is not met
(Rubinstein and Reiner (xg9g1a)); for extendible options,
the condition on the fixed maturity date is not met (cf.
Longstaff (1990)); for money-back options, the condi-
tion en the non-modifiability of the premium is not met
(cf. Gastineau (1994), Kat (1994)); for quanto options,
the condition on the uniqueness of the currency is not
met (cf, Reiner (1992), Dravid et a/, (1993)); for lookback
opticns, the condition on the traditional form of the payoff
isnot met (cf. Goldman ef al. (1g79)). This classification
methodology helps us get an overview on exotic options
to better understand and analyze them.

W 1. APPLICATIONS OF EXOTIC
OPTIONS IN CORPORATE FINANCE

Even though options have been widely examined in -
investment decision-making through real options,
applications of exotic options have not been studied in a
systematic way in the field of corporate finance, In §3.1,
we illustrate some examples of exotic options embedded
in the management process of an investment project. In
§3.2, weanalyze some exotic instruments ysed in corpo-
rate financing operations. In §3.3, we study some exotic
features presented in equity valuation based on the option
approach. In §3.4, we show hiow exotic options can be
integrated into executive incentive compensation plans
to make them more effective.

I11.1. LONG-TERM INVESTMENT
DECISIONS

In corporate long-term investments, decision-making is
essentially based on the net present value (NPV), namely
the difference between the project’s present value (PV)
(i.e., the sum of the present values of all the incoming
cash flows) and the investment cost (i.e., the sum of the
presentvalues of all the outgoing cash flows). According
to the traditional corporate finance theory, an investment
project deserves to be accepted if its NPV is positive,
whereas otherwise it should be rejected. This approach
is criticized for being rigid due to the fact that it does not
take into account the possible business flexibilities, which
may be embedded in the production process.

These flexibilities give managers different options
in their decision-making. They include the option of
walting before investing (McDonald and Siegel (1936),
Pindyck (1988), Dixit and Pyndick {1994)), the option of
undertaking or quitting a profect (Dixit (1989), Décamps
et al, (2000)), the option of increasing or decreasing the
investment capacity (Pindyck (1988), Kandel and Person
(2002)), the option of shutting down an investrnent process
(McDonald and Siegel (1985), Létifi and Prigent (2014)),
the option of “reversing” the investment process with a
cost (Abel and Ebetly (1994, 1996), Laughton and Jacoby
{1993)), and the option of investing in a sequential way
instead of at one time {(Bar-Tlan and Strange (1998), Majd
and Pindyck (1987)). All these business flexibilities can be



analyzed as options, and their value should be added to
the traditional NPV to get the adjusted NPV which better
retlects the value of an investment project.

Such options, known as “real options?”, are somewhat
different from options exchanged in financial markets,
Unlike “financial options”, real options do not have their
own legal existence. They usually pertain to some “tan-
gible” assets (such as capital equipment or investment
projects). They are only financial properties which are
embedded in these “real” assets. As their mechanism is
similar to that of an option, they can be analyzed as option
contracts. Over the last two decades, a lot of research has
been dedicated to real options (for more references, see
Brennan & Schwartz (1985), Dixit {1989), Pindyck (1991),
Trigeorgis (1996}, Tserlukevich (2008) among others). In
practice, the real option approach is also used by a num-
ber of companies including Merck in the pharmaceutical
sector, HP in the area of information technology and
Boeing in the aircraft industry. In many situations, the
mechanism of real options is no longer in line with that
of traditional optiens and presents exotic features. The
following examples help shed some light on this issue.

Barrier options embedded in R&D projects

The valuation of 2 research and development (R&D)
projectis a delicate issue, In fact, an R&D project usually
requires outgeing cash flows without bringing direct
incoming cash flows. As a result, its traditional NPV is
generally negative, which means that it does not deserve
to be accepted. However, an R&D project can provide
investmentopportunities with a positive NPV if the expec-
ted outcomes are achieved. The values of these possible
investment opportunities should be added to the tradi-
tional NPV of the R&D project, which may make its NPV
positive and so justify the acceptance of the investment.

Such investment opportunities can be analyzed as
call options with the PY of the incoming cash flows as
underlying-asset price, the PV of the outgoing cash lows
as strike-price, and the deadline of the investment as
maturity date. As the activation of these options is con-
ditioned by the success of the R&D project, the first of
the five traditional conditions is not met. The option is
no longer a traditional option, but an exotic one known
as “barrier option” (see Rubinstein and Reiner (19914)}
in the family of “contingent activation options”. As the
option activation is conditioned by a random factor which
is not the same as the underlying-asset price, the option
is called an “external barrier option” (see Heynen and Kat
(1994)). The payoff of such an option can be written as:
max{S(T) - KON/ por, succeads Where S(T) is the PV
of the incoming cash flows, K is the PV of the cutgoing
cash tlows, and li)r R&D suceseds 18 the indicator function
for the triggering of the option activation.

Growth options, contiaction options,
shutdown options

During an investment process, corporate managers are
notjust subjected to a given situation. In many cases, they
can react to the ongoing event by taking actions which
come to change the course andfor the outcome of the

process. In fact, throughout its lifetime, an investment
presents a certain nuinber of flexibilities which give man-
agers some leeway in managing the project. The most
typical examples of these flexibilities are the following:
undertaking options (to decide whether or not undertake
a project), waiting options (to decide to undertake the
project immediately or later), growth options (to decide
whether or not to increase the investment), contraction
options (to decide whether or not to reduce the investiment),
shutdown options (to decide whether or not to stop the
investment temporarily or permanently), abandonment
options (to decide whether or notto abandon the project
definitively), and switch options (to decide how to switch
between maintaining or temporarily interrupting the
investment thanks to a flexible manufacturing system).

Typically, most of these options can be analyzed as tradi-
tional options’: undertaking options and growth options
can be considered as call options, contraction options and
shutdown options as put options, and switch options as
a certain combination of call options and put options.
What interests us here is the exotic feature which may
be embedded in these opticns. For example, growth or
shutdown options make sense only when the demand for
the output produced by the investment project becomes
significantly high or low by crossing a certain thresh-
old (see McDonald and Siegel (1985), Letifi and Prigent
(2014)).In this case, growth and shutdown options turn
into barrier options whose activation is conditioned by
a random event. As this random factor is not the same
as the underlying-asset price, the option is an “external
barrier option” (see Heynen and Kat (19g94).

The payoff of the growth option can be written as:
max {S( T) HKO}ln’j"output demand exceads a cerlgin high’ where
S(T) is PV of the additional incoming cash flows brought
by the incremental investment, X is the PV of the additional
outgoing cash flows resulting from the incremental invest-
ment, and 1 ,is the indicator function for the triggering of
the option activation. The payoff of the shutdown option
is similarto that of the growth option except thatitis a put
option, where the underlying-asset piice is the PV of the
lossin incoming cash flows because of the shutting-down,
the strike-price is the PV of the savings made by shutting
down the investment (including for example the sale of
production equipment and the savings in the payroll of
employees who are fired), and the option is activated once
the output demand reaches a certain low.

Input-mix options embedded in the
production process

Ina production process, some management flexibilities,
known as “production options®, are available to managers
for their decision-making. One of the best known is the
“input-mix option” which gives them the possibility to
choose, amaong acceptable alternatives, the cheapestinput
to produce the same output, Such an option is particularly
valuable in the contextwhere commoditg and energy prices
are becoming more and more volatile®. For example, to
produce electricity, a utility company can choose different
energy sources such as fitel oil, natural gas, or coal. Ifthe
price of fuel oil and the price of natural gas both increase
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while the price of coal decreases?, it could be interesting
for the firm to switch its input from fuel cil or natural gas
to coal by taking necessary measures to limit pollution.
Similar examples include feeding poultry with rice or
corn, heating a building with electricity or gas, producing
a cartoon film with computer software or human artists.

When the cost of production is negligible relative to
the input and output prices, an input-mix option can be
analyzed as a putoption where the output price represents
the strike-price and the minimum of the input prices
represents the underlying-asset price. As two or more
random factors are involved in the mechanistn, the fifth
traditional condition is not met. The option is no longer
a traditional option, but an exotic one. It is known as
“option on the minimum of two or more assets” (see Stulkz
(1982), Johnson (1987)} in the family of “non-traditional
payoff options”. The payoffofsuch an option can be writ-
ten as: max{K — min{S,(7), S,(7)},0}, where S,(7)
and S,(7) are the spot prices of the two inputs, K is the
output price, and T'the length of the production period.

Output-mix options embedded in the
production process

Similar to an “input-mix option”, an “output-mix option”
gives managers the possibility to choose, among accep-
table alternatives, the output whose price is the highest
from the same input (see He and Pindyck (r992)). Such
an option is particularly valuable when output demand
changes quickly. For example, a manufacturer may value
the possibility to cease to produce a style of toy, which
has become old-fashioned (ex. “Toy Story” or “Kung Fu
Panda”) so as to shift towards a more fashionable one
(such as “Star Wars”), Similar examples include construc-
ting residential or office buildings with the same budger,
cultivating potatoes or sweet potatoes in the same fields,
producing cheese or yoghurt from the same milk, produ-
cing petrol or gas from the same crude oil, and offering a
program of “initial education” or “executive education”
with the same academic staff,

When the cost of production is negligible relative to
the input and output prices, the output-mix option can
be analyzed as a call option where the maximum of the
output prices represents the underlying-asset price and
the input price represents the strike-price. As for an
input-mix option, the fifth traditional condition is not
met because two or more random factors are involved,
"The option is no longer a traditional option, but an exotic
one known as “option on the maximum of two or more
assets” (see Stulz (1982), Johnson (1987)) in the family
of “non-traditional payoff options”. The payoff of the
option can be written as: max{max{S,(7), S,(T)} -
K0}, where S,(7) and S,(T) are the spot prices of the
two outputs, K is the input price, and 7'the length of the
production period.

Spread options embedded in the
production process

The prices of inputs and outputs of a company are usually
correlated, Let’s take the example of a company whose
main activity is the transformation of a raw materia) (ex.
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crude oil) into a final product (ex. gasoline). Both the
price of the input and the price of the output Auctuate
on the market™, Due to these fluctuations, the company
would value the possibility to decide whether or not to
preserve the production activity depending on the mar-
ket conditions. More precisely, if the spread between the
output and the input exceeds the production cost, it is
profitable for the firm to turn on the production process:
otherwise, it’s better to suspend the production activity
momentarily. ‘
Such flexibility can be analyzed as a call option with the
spread between the output and the input as underlying-
asset price and the production cost as strike-price. As
two underlying-assets are involved, the fifth traditional

condition is not met. The option is no longer a traditional -

option, but an exotic onte known as “spread option” or
“option on spread” (cf. Shimko (1994)) in the family of
“non-traditional payoff options”. The payoffofthe option
can bewritten as: max{[S;(T) — S,(7)] - K,0}, where
S,(7) and S,(7) represent respectively the spot price of
the outputand that of the input, Kis the production cost,
and T the length of the production period.

Product options embedded in the
production process

In a production process, sometimes managers can not
only decide to “produce or not”, but they can also decide
“how much to produce” by adapting their production
quantity to the market condition. These managerial
flexibilities are known as “intensity options®, “operating
scale options”, or “production options”. For example, in
the event of a decrease in the output price, the turnover
ofthe company {i.e., the multiplication of the production
quantity and the output price) may be reduced. If the
firm wants to preserve its turnover, it needs to increase
the production quantity while maintaining its input cost
(i.e., the multiplication of the production quantity and
the input price) at the same level thanks to the parallel
decrease in the input price,

When the cost of production is negligible relative to the
inputand output prices, the management flexibility can
be analyzed as a call option where the turnover repre-
sents the underlying-asset price and the input cost which
remains at the same level represents the strike-price. As
the turnover depends on two random variables, namely
the production quantity and the output price, the fifth tra-
ditional condition is not met, and the option is an exotic
one known as “product option” (cf. Nelken (1996)) in the
family of “non-traditional payoff options”. The option
payoff can be written as: max{S,(T) x S,(7) - K,0},
where S;(7) is the price of the firm’s product, S,(7) is
the production quantity over the period, K is the input
cost, and T the length of the production period,

1.2, LONG-TERM FINANCING
DECISIONS

In corporate long-term financing, the first question
to be asked is: should the firm be financed with debt or
equity? According to the “trade-off theory”, debt has both
advantages and disadvantages due to its tax deductibility



and the bankruptey risk it may induce; thus, the capital
steucture is optimal when the two opposing effects of
debtare counterbalanced (see Modigliani & Miller (1958,
1963)). This vision is not shared by the “pecking-order
theory” according to which the optimal capital structure
does not make sense as firms choose their funding ins-
truments in accordance with 4 certain “preference order”.
More precisely, internal funds are preferred over external
funds due to their simplicity and low cost, while debts are
preferred over equity in external funds due to the existence
of information asymmetry between firm managers and
marlket investors (see Myers & Majluf (1g84)).

Once the capital structure has been chosen, the next ques-
tion to be asked is: how to minimize the costof funding, or
in otherwords, how to raise more funds by issuing debts or
equity? In response to this, option clauses areusually added
to bonds and stocks. Some of these option clauses go out-
side the traditional frameworl and lead to exotic features.

Exchange options embedded in convertible
bonds

The issuance of “convertible bonds” is a common prac-
tice in corporate financing. A convertible bond gives its
holder the right to convert the bond into a certain num-
ber of stocks in the firm. Compared to a classical bond,
itenables firms to reduce their cost of borrowing thanks
to the conversion clause granted to debtholders.

The conversion clause can be analyzed as a call option
with the stock of the firm as underlying-asset and the price
of the traditional bond as strike-price. As the price of the
bond varies with the level of interest-rates in the market,
the strike-price of the option is not fixed at a constant
level, as is the case of traditional options. As a result, the
option is no longer a traditional one, but an exotic one
known as “exchange option” (see Margrabe (1978)) in
the family of “non-traditional payoffoptions”. The payoff
of the option can be written as: max{S,(T) - S,(7),0},
where max{a, b} is the maximum of ¢ and &, T is the
maturity of the bond, S, (7} is the stock price at time 7"
and S,(7) the price of the traditional bond at time 7,

Binary options embedded in window bonds

“Window bonds” have been designed to give firms and
bondliolders better flexibility in their risk management.
Awindow bond can be prepaid at some specified dates
(known as “windows”) at a specified price (known as
“prepayment price”). Both the firm and the bondholder
can request such an early redemption by accepting to
pay a penalty (called “early repayment penalty™). A clear
distinction must be made between three cases. In the first
one, interest-rates increase so sharply that, even after the
penalty payment, it is more interesting for the bondhol-
der to be prepaid so as to reinvest the capital at a higher
coupon. In the second case, interest-rates decrease so
quickly that, even after the penalty payment, it is more
interesting for the firm to prepay the debt so as to issue
new bonds at a lower cost. In the third case, interest-rates
do not change enough to make the early redemption
interesting for either of the two counterparties.

A “window bond” can be analyzed as a portiolio of
“binary options” characterized by the “binary” feature
of their payoffs (see Rubinstein and Reiner (199rb)). As
their payoffs do not have the traditional form, binary
options are actually exotic options in the family of “non-
traditional payoffoptions™. The payoffofa window bond
atthe date T can be written as follows: (F - o) Ly < _,,
+ (B + B)IS(n =gt S(T)l}tmss(ﬂ < Fap where
S{T) represents the market price of the bond, F is the
face-value ofthe bond, a is the penalty paid by the bond-
holder in the event of a request for early redemption, f is
the penalty paid by the firm in the event of a request for
early redemption. The first component represents what
the bondholder receives in the event of early repayment
requested by himself or herself, the second component
represents what the bondholder receives in the event of
early repayment requested by the firm, while the third
componentrepresents the market price of the bond when
no eatly repayment is made. From this formula, we can see
that the bond can be considered as a portfolio of “binary
options”, or more precisely a combination of “Cash-or-
nothing” and “asset-or-nothing” options.

Extendible options embedded in corporate
warrants

Warrants are usually integrated into stocks and bonds to
make the issuance more attractive (see Smith (1977)). By
paying a premium which is relatively low, warzant-holders
can take advantage of a possible increase in the stock price
ofthe firm. To protect investors against a decrease in the
stock market, firms sometimes add an “extension clayse”
to a traditional warrant contract. For example, warrants
issued in 1991 by two French companies, Métaleurope
and Valéo, could be extended for two additional years if
the stock index CAC 40 decreases more than 15% over
the last month before the maturity date.

As the maturity date can be changed, an extendible war-
tant is no longer a teaditional option, but an exotic one
known as “extendible option” (see Longstaff (1g90)). The
option payoffean be written as: max{S{7) — K,0}1 SPSK
+ Call{S(T), K, T, - T}, where T'is the initial matutity
date, 7, the extended maturity date, S(7) the stock price
of the firm at time 7, K the strike-price, and Call{S(T),
K, T~ T} thevalue of a traditional European call option
with S(7) as underlying-asset price, K as strike-price,
and (7, — T)as maturity,

Money-back options embedded in
corporate warrants

By pursuing the same concern for investor-protection,
some firms issue “reimbursable warrants” by integrating
a “premium repayment clause” into a traditional warrant
contract. For example, after the 1987 stock crash, reimburs-
able warrants were issued by a certain number of French
companies (including BSN and Suez in 1988, Lyonnaise
des Baux, Pinault, and Saint-Louis in 1989, La Rochette in
1990). In the event of non-exercise of the warrant during
the life-period of the contract, the warrant-holder can get
back the premium paid to acquire the warrant contract,
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As the premium payment is no longer definitive, such
warrants are outside the framework of traditional eptions.
They can be analyzed as exotic options known as “money-
baclk options” (see Gastineau (19g4), Kat (rgg9.)) in the
family of “contingent premium options”, The payoff of
the reimbursable warrant can be written as: max{S(7T) —
KO gop o+ Premiuml g, where T'is the matnrity
date, S % the stock price of the firm, Kthe strike-price,
and Premium the amount paid by the warrant-holder for
subscription to the warrant claim,

l11.3. CAPITAL STRUCTURE ANALYSIS

Once the capital structure of a firm has been chosen, a
fundamental question to be asked is; how to assess the
part of the firm’s value, which belongs to shareholders?
Thetraditional method of equity valuation consists of three
approaches, namely the patrimony approach based on the
balance sheet of the firm through the computation of its
book-value, the comparison approach based on a financial
ratio according to which the company is compared with
another one whose equity is listed on a stock exchange, and
the dynamic approach based on the discounted cash flow
model. Taking this into consideration, the option theory
coines to enrich the traditional method of equity valuation,

In their revolutionary work, Black and Scholes (1973)
and Merton (1973) assert that the equity of a firm financed
with equity and a zero-coupon bond can be analyzed as
a Buropean call option. However, in reality, the capital
strueture of a firm is much more complicated. In most
cases, its debt does not take the form of a sitple zero-
coupon. As a result, the equity of the firm can no longer
be analyzed as a traditional option, but as an exotic one,

Compound options when the bond is an
in-fine bond

Let us assume that the firm is financed with equity and
an “in-fine” bond with two last repayments: the coupon
(K ) atthe lastbut one anniversary date (7’) and the final
repayment (X, including for example the last coupon and
the principal) at the maturity date T (with 7= T ), Wealso
assume thatonce the coupon K is repaid, itis immediately
refinanced through the issuance of new stocks for the same
amount. In this model, the wealth of all the shareholders
(i.e., the existing shareholdess and the new ones who will
subscribe the new stocks which refinance X ) can be ana-
lyzed as a traditional call option with the firm’s value as
underlying-asset price, the final repayment of the bond X
as strike-price, and the repayment date T as maturity date.

As regards the wealth of the existing shareholders, it is
no longer a traditional option, but an exotic one known
as “compound option® (or “option on option”} in the
family of “non-traditional payoff” options (see Geske
(1977) and (1979)). A compound option is an option whose
underlying-asset is already an option, called “mother
option”, Tn our example, the compound eption is a “call
on call” option where the mother option is the traditional
call option mentioned above, and the strike-price is K,
(i.e., the Iast but one coupon of the in-fine bond) and the
maturity dateis 7, (i.e., the last but one anniversary date).
Its payoffat T, can be written as: max(Call(V(T)), K,
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T-1T,) - K, 0}, where V(T,} is the value of the firm
attime 7, , Call(V(T), K, T - T} is the value of a
traditional call option with VA(#) as underlying-asset price,
K as strike-price, and (7" 7)) as maturity.

Barrier options when the bond has a
“security clause”

To protect their investors, some corporate bonds are
issued with a certain “security clause” which gives the
bondholders the right to take control of the company
as soon as the value of the ficm falls to a certain low (see
Chesneyand Gibson (1ggg)). Sucha security clause presents
a two-fold advantage: first of all, it warns creditors early
enough to enable them to put into action a rescue plan
for the firm; then, it makes shareholders aware of the risk
thatthey are running. This clause is particularly valuable
in a time of crisis when investors need to be reassured.

Letus suppose that the firm is financed with equity and
a zero-coupon bond with a security clause, according to
which shareholders’ wealth will be cancelled definitively
once the firm’s value falls to a critical level before the maty-
rity of the bond. In this case, the wealth of shareholders
is no longer a traditional call option as in the Black and
Scholes model. It actually constitutes an exotic option
known as “barrier option”, or more precisely a “down-
and-out” call option, Its payoffat time T can be written as:
max{V(T) - K, 0} x 1,1 - p, where V() is the value
of the frm at time T, mé is the lowest level reached
by the value of the firm over the period [0, T, and Bis
the threshold which triggers the takeover of the firm by
the bondholders. ‘

Compound options when the bond has an
ordinary tranche and a subordinated one

To reassure their investors, some firms specify in their bond
contracts that new ordinary bonds cannot be issued before
the repayment date of current bonds; in the casewhere new
fundraising is required, only “subordinated” bonds can be
issued, which means that additional bond repayment is
possible only after the repayment of the ordinary bonds.
For this reason, it is sometitnes possible for firms to haye
in their liabilities both ordinary and subordinated bonds.

Let us suppose that the firm is financed with equity, an
ordinary zero-coupon bond (with K as face-value and T
as matuyity date) and a “subordinated zero-coupon bond”
{with K as face-value and 7, as maturity date with T,
2 T). We also assume that once the ordinary bond has
been repaid, it is immediately refinanced through the
issuance of new shares for the same amount. In this case,
the wealth of all the shareholders (i.e., the existing ones
and the new ones who will refinance the ordinary bond)
can be analyzed as a traditional call option, with the value
of the firm V as underlying-asset price, the face-value of
the subordinated bond K as strike-price, and the repay-
ment date of the subordinated bond 7', as maturity date.

As regards the wealth of the existing shareholders, itis
no longer a traditional option, but an exotic one known
as “compound option” in the family of “non-traditional
payoff options”. It can be analyzed as a “call on call”
option where the mother option is the traditional call



option mentioned above, the strike-price is the face-value
Kof'the ordinary bond, and the maturity date is the repay-
ment date 7" of the ordinary bond. Its payoff at time T°

can be written as: max{Call(W(T), K, T, - T) - K,
0}, where V(T) is the value of the firm at T Call( W,
K, T,-1 ) is the value of a traditional call option with
V(t) as underlying-asset price, K_ as strike-price, and
(T, ~ T)as maturity.

Extendible options when the bond has an
extension clause

So far, measures have been taken to reduce the risk
for bondholders in exchange for a lower cost. To reduce
the bankruptey risk for shareholders, firms sometimes
integrate an “extension clause” into the bond contract,
which gives them the right to postpone the repayment of
the debt. This clause is particularly valuable for firms in
distress Decause it provides them with extra time to find
a solution to avoid bankruptey. Extendible bonds have
become a popular financing tool for leveraged-buyout
operations since the end of the rg8os.

Ifa firm is financed with equity and a zero-coupon bond
with an extension clause, the wealth of shareholders is no
longer a traditional call option, butan exotic one known as
“extendible option” in the family of “contingent maturity
options” (see Longstaff (1990)). Its payoff can be written
as: max{ V(1) — K, 0} x Lyepy » 5 + Call(V(T), K,
T, — T gy < g where T'is the initial maturity date of
the bond, ‘}(15 the face-value of the bond, V(T) is the
value at time 7 of the firm, T, is the extended maturity
date, and Cali(V(T), K, T, — T) is the value of a tra-
ditienal call option with V(?J‘j as underlying-asset price,
K as strike-price, and (T'3 - Tas maturity.

lllL&. EXECUTIVE INCENTIVE
COMPENSATIONS

Corporate strategic management involves formulating
the objectives of a firm whilst implementing appropriate
strategies to reach them. To ensure the success of these
actions, the role of corporate governance is decisive.
In corporate governance, the agency problem between
shareholders and managers is at the heart of the matter,
In fact, in the event of separation between ownership
and management, shareholders mandate managers to
run the firm on their behalf, As the interests of the two
parties are notalways the same, managers may place their
own interests before those of shareholders, which leads
to agency costs (see Jensen and Meckling (1976), Shavell
{(1979), Smith and Stulz (1985)).

To monitor managers’ action, a certain number of
devices are available, including a board of directors,
shareholders’ meetings, financial disclosure and audit,
executive incentive remuneration, market for corporate
control. Among these devices, executive incentive com-
pensations involve reducing the interest divergence at
its source by aligning the interests of managers with
those of shareholders (see Jensen and Murphy (1990),
Schmidt and Flowler (1990)). The long-term incentive
compensations the most commonly used are employee
stock options {ESO) and restrictive stocks.

BSO have met with great success in the United-States
and Burope over the two last decades. However, they suffer
from some weaknesses stich as the lack of flexibility and
the lack ofincentive effect (see Johnson and Tian (2000),
Wuand Yu (z003)). Facing these problems, firms tend to
review the traditional BSO plan by changing sonie terms
of the contract andjor adding some additicnal clauses.
Mostofthese “adjusted” ESO plans have the mechanism
of an exotic option instead of that of a traditional one.

Barrier options embedded in contingent
activation ESO

When executive stock options are granted, the strike-
price is usually set to the level of the stock price ar the
issuance date. With an average annual retuen of 7% in stock
markets (see Siegel (2014)) and an average life-period of
7 years for BSO (see Brenner etal. (2000)), option-holders
arealmostsure to be able to get significant remuneration
whatever their performance, To make ESC more incen-
tive, some firms integrate additional conditions into the
option contract. For example, options issued by Alstom
in 2000 can be activated only when the operating margin
of the company reaches 5.5% in one year, or if it reaches
6% in two years. Similarly, after its merger in 2000, the
first ESO plan issued by BNP Paribas is activated on con-
dition that the stock price of the bank progresses over
two years. In these examples, the option activation is no
longer automatic, butis conditioned by a random factor.
As aresult, such options are no longer traditional options,
butexotic ones known as “barrier options”, Their payoff
can be written as: max{S(T) — K, 0}1

Activation condition®

Barrier options embedded in re-priceable
ESO

BSO were originally used by start-up companies to attract
managerial and technical talents. As young firms cannot
afford to pay their managers salaries which are compa-
rable to those in international groups, stock options are
granted to executives for the growth potential of the firm.
If the firm grows as planned, the stock price will rise
and executives will get a capital gain through the option
exercise. However, BSO may lose their incentive effect if
the stock market enters into a bearish cycle in a time of
crisis. For example, from the end of 2007 to the end of
2012, the Dow Jones Industrial Average decreased from
13264 to 13096 points. This means that most options
issued in 2007 lost their incentive effect over a period of
five years. To deal with the problem, one solution is to
add a “re-pricing clause” with which the strike-price of
the option can be “reset” ata lower level in case of market
decline (see Brenner ¢t al. (2000), Chance et al. (2000)).

The re-pricing clause is activated when the stock price
falls to a certain low, denoted as B (with B< K, where Kis
the initial strike-price of the option). Once re-priced, with
a new strike-price, denoted as K¥ which is lower (with £ *
< K), the “re-priced” option becomes in-the-money again
and regains its incentive effect. A re-priceable option can
be analyzed as the sum of two barrier options: the first one
with a higher strike-price is deactivated when the barrier
is crossed by the stock price, while the second one with a
lower strike-price is activated when such an event occurs. Its
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payoftat the maturity date T can be written as: max{.S(7)
- K, O}Imm o g T madS(TY — K* 0}1,”(7) < The
firstcomponentis the payoffofa down-and-out call option
with S as underlying-asset price, K as strilee-price, and B
as barrier. The second component is the payoffof a down-
and-in call option with S as underlying-asset price, K *as
strike-price, and B as barrier,

Forward-starting options embedded in
Stock Appreciation Rights (SAR)

The practice of re-priceable options has been criticized
by academics and practitioners, as the ¢ te-pricing” clause
allows executives to realize capital gain while shareholders
arelosing money. Therefore, instead of an adjustment of the
strike-price at one go, sotne companies choose to optfora
periodic revision of the strike-price. In fact, option-holders
are paid over a period (for example of one year) onlywhen the
stock price progresses. This system is similar to that of the
“Stock Appreciation Rights” (SARs”)in the USA {see Scholes
etal. (2014)], Let's take the example ofa seven-year-maturity
option. Suchan option is made up of seven Ofle-year-maturity
“sub-options” whose life-periods [ T 4 TIJ follow one after
the other (withi e {7, 2, ..., 7} T, = 0, T, = 7 years).
For each sub-option, the strike-price is set at the level of the
stock price at the beginning of the lite-period; at the end of
the[ife-period, the executive receives the stock pricechange
over the period if the stock price increases and nothing oth-
erwise, The payoffofthe sub-optioniat the maturity 7.can
be written as: max{S(T) - S( T,_,), 0}, where S(2} is the
stock price of the firm at time ¢, T,=0, T, = Tand T,
= T~ 1. Foreach sub-option  with = 2, the strike-price
is setat S( T, 1) which is an unknown varizble before time
T, _ . Atthe issuance date of the option at time 0, such an
option is nota traditional option, but an exotic one known
as “forward-starting option” (see Rubinstein (1ggxb)) in the
family of “non-traditional payoff options”.

Exchange options embedded in
relative performance-based executive
compensations

So far, all the options examined in incentive remune-
rations have been based on “absolute performance” in
the sense that the stock price of the firm is compared
with itself at two different dates. However, as modern
portfolio theory tells us, the risk of a stock is due ta two
factors — the systematic tisk related to the general stock
market and the specific risk which is proper to the firm.
It is logical that executives should be paid only for the
part of return arising from the specific risk, but not for
the part related to the general mariket,

The idea is to pay executives according to the “relative
performance” of the stock price of the firm in comparison
with a benchmark which could be an equity index or the
stock price of'a competitor (see Ubelhart (198x), Alchigbe et
al. {1996), Johnson and Tian (2000), Wu and Yu (2003)). As
two random variables are involved in the pay, the amount
of the remuneration can no longer be analyzed as a tradi-
tional option, butan exoticone known as “exchange option”
(see Margrabe (1978)) in the family of “non-traditional
payoffoptions”. The payoffofthe option can be written as:
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5,(1)_S,(7) N
= i o O, where T'is the maturity of
S, (0) S, (0)
the option, S,(#) and S,{2) are the stock price of the firm
and the level of the benchmark at time #, respectively.

M [V. CONCLUSION

Over the last decades, financial markets have demon-
strated unprecedented development thanks to the pro-
gress made in information and communication technal-
ogy as well as financial engineering. The only possible
drawback in this development is that it makes financial
instruments more and more complicated. Such increas-
ing complexity makes financial products more and more
difficult to understand. Misunderstanding may lead ro
misuse by investors, which may induce mistaken invest-
ment decisions and/or inappropriate risk-taking, while
proper understanding of these instruments can ayoid 2
large part of the problem. Exotic options are derivatives
which are known for their flexibility and accuracy. Due to
their complexity, they still remain little accessible to most
investors in spite of their economic added-value. To help
investors better understand these products, two things
seern to be necessary. First, we need to provide investors
with a classification methodology which gives them an
overview of the existing products (see Wu et ai. (2011)).
Second, we need to show investors how these products
work in a “real economy” context by putting emphasis on
the economic rationale rather than on quantitative skills:

In this paper, we strive to show how exotic options can
be used in corporate finance, namely in long-term invest-
ment decisions, long-term financing decisions, capital
structure analysis, and executive incentive compensations
(forasummary, see Table 1). For each of these topics, we
have illustrated the most common applications of exotic
options by specifying the type of the embedded option.
Our work could be useful from several perspectives. Pirst,
it provides a relatively comprehensive synthesis on the
applications of exotic options in corporate finance. Then,
itis relatively accessible for investors who are not special-
ized in finance as its emphasis is put on the economic
rationale rather than on mathematical skills. Finally,
it shows corporate managers how to benefit from the
technical advances made in financial markets by apply-
ing these techniques in the context of corporate finance,

1 Waiting options are somewhat special, In fact, a waiting option.can be viewed as the
additienal right given by an American call aption with the deadline of the decision as
maturity date relative to a Europaan aption which reaches it maturity date today. Its
value should be the same as the “time value” of the American option,

2 From 1988 to 2012, the annual volatllity of the return of crurde oil price and that of
the gasoline price were 37.5% and 42.8%, respectively, which are both higher than
an average level of 30% in terms of VIX in equity markets,

3 In2e12,the priceofthe futures contract on ofl listed at NYSEvaried from USD 77.28t0USD
110,55 pet barrel, while the price on natural gas ranged fram USD 1,90t USD 3,93 per
milliors BTU, As regard to Australia Coal Price, i passed from USD/MT 113.78in November
2011 to USD/MT83.06 In NoverLer 2012 (with a decrease of 27% over one year).

& From 2001 to 2012, the crude ofl price passed from USD 22.58 to USD 110.80 per
barrel, while the gasoline price passed fram USD 0764 to USD 2,835 per Gallon.

5 Like £SO, SARs are based on the stock price of the firm, Unlike ESO, their
beneficiaries do net have to pay the strike-price, because they just receive, in cash
or stock, the amount of the stock price increase over the period,
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Barrier options are options whose activation depends on the fluctuation of a randem factor.

Binary options are options whose payoffis based on the reafization or not of a given random event.

Compound options are options written on the price of an option called “mother option”,

Exchange options give their holders the right to exchange a first underlying-asset against a second underlying-asset.
Extendible options are options whose maturity date can be extended.

External barrier options are “barrier options” whose activation is conditioned by a random factor which is not the price of the
underlying-asset. They are different from “internal barrier options” whose activation is conditioned by the underlying-asset
price.

Forward-starting options are options whose strike-price is not known at the beginning, It is defined as a function of the
underlying-asset price at a future date,

Money-back options are options whose premium paid by the option-holder can be reimbursed.

Options on the maximum of two assets are options written on the maximum of the prices of the two underlying-assets,

Options on the minimum of two assets are options written on the minimum of the prices of the two underlying-assets.

Product options are options written on the product of the prices of the two underlying-assets.

Spread options are options written on the spread between the prices of the two underlying-assets.
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