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Abstract

This paper discusses option valuation logic and four selected methods for the valuation of real
options in the light of their modeling choices. Two of the selected methods the Datar-
Mathews method [16, 24] and the Fuzzy Pay-off Method [13] represent later developments in
real option valuation and the Black & Scholes formula and the Binomial model for option
pricing the more established methods used in real option valuation.

The goal of this paper is to understand the big picture of real option valuation models used
today and to discuss modeling perspectives for the future.
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1. Introduction

Real options are the different types possibilities found in connection with real investments
that allow managers to capture the potential in the investment, these possibilities are often
referred to as managerial flexibility. A real investment that does not have any managerial
flexibility is a static creatur that can only take as given the changes in its environment. Such
monolithic investments, or projects, are in actuality not often found, but when such
investments exist they are often highly sensitive to changes and hence their profitability is
vulnerable.

Investments with real options, that is investments that include managerial flexbility can in
contrast to investments without real options, react to changes and adjust themselves to new
circumstances. This allows such investments to incur smaller losses in case of adverse
changes or to capture the potential and become more profitable, when changes are favourable.
This means that investments with real options are more valuable, than the same investments
without real options, ceteris paribus.

The term real options was coined, to the best of our knowledge, by Myers [30] in 1977 and is
based on the observation that as managerial flexiblity found in real investments exhibits an
analogy of construct [22] with financial options they can be called real options. The original
idea with real option valuation is to extend the analogy further: as there is analogy in the the
construct of real options with financial options (contracts), then the valuation methods for
financial options can be used for the valuation of real options. After Black & Scholes 1973
article [3] on pricing of options an elegant model for option valuation was available and the
road for application to real options was open. As new methods for option valuation were



developed, for example the binomial option pricing model by Cox, Ross and Rubinstein [15]
in 1979, it also was applied in the valuation of real options.

As real options are not a thing of fiction, but important real options are often available in real
investments it is a matter of interest to managers and business / project owners to be able to
understand the value of the real options connected to their investments. Real option value is
not only interesting from the point of view of understanding the whole value of an investment
(with real options) , but also, and perhaps especially in situations where comparisons between
possible investment alternatives are made. Real option value is an additional measure in
project selection that is able to capture the value of potential. Indeed, real options are an often
used tool in, e.g., the valuation and analysis of Research and Development (R&D)
investments that are known to exhibit large risks (in the financial sense), but often
simultaneously offer high potential rewards, see e.g. [32, 23, 9, 35]. It is also to be noted that
the most often used capital budgeting method, the Net Present Value method is not able to
consider aspects of investment profitability that are covered by real options analysis [21].
Lately, criticism has been voiced about the application of the 1970°s methods for real option
valuation and their apparent lack of focus on real world relevance and usability for
practitioners [4].

These reasons are sufficient to make real options valuation, models for the valuation of real
options, and modeling the valuation of real options an interesting issue for research and
relevant for both managers and the academia.

2. Real Option Valuation as a Modeling Problem

The option valuation problem, or the logic of option pricing is actually rather straight forward:
the value of an option is the present value of the chance of occurrence weighted expected
value of the outcomes of the distribution of the future option values, while mapping the
negative values zero. The reason for considering the negative values of the future option value
distribution as zero is that the holder of the option has the right, but not the obligation to
exercise her option contract. She will not exercise if it would cause a loss, but exercises only
if profit is created, thus making her downside zero at maximum. Figure 1 shows graphically
the option valuation problem, with the major issues that must be accounted for when
modeling the value of an option, or the value of a real option.

The three major components of modeling the value of a real option are:
a) the modeling of the future value distribution

b) the calculation of the expected value of the future value distribution while mapping
negative values of the distribution zero, and

C) modeling the calculation of the present value of the expected value.

To be more precise: the modeling of the future value distribution can be interpreted as the
modeling of how the future value distribution is created and the calculation of the expected
value of the future distribution as the selection of the procedure that is used in the calculation
of a single expected value (used as the expected value of the option price).
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Figure 1. A simple sketch of the real option valuation logic

Also the discounting of the expected value requires modeling decisions, that is, determining
the discount rates used and derivation of the discount rates and selecting the compounding
interval are normative choices open to the modeler. All of the choices made with respect to
these three major issues and within the issues themselves contribute to how the option
valuation problem is modeled and have an effect on what the output from the model is.

The reality in which real options exist is that of real investments, id est the projects and the
investments are most often non-tradeable in any established market and the existence of
arbitrage is commonplace. Very large industrial real investments may also exhibit special
characteristics, such as the ability to steer the markets in which they are active [20, 10]
making them price makers rather than price takers (a common assumption when financial
securities are discussed). The managers of real investments most often also have the power to
steer their investments according to changes in the environments of their investment, thus
being able to ,,pull the option levers* [22] a possibility that is deemed impossible under
complete and perfect markets. The reality within which real options reside is the reality the
modeler of real option value should take into consideration.

Interestingly, looking into the whole scale of different possible (new) ways to mathematically
model the three major components of option valuation, has by far not been exploited by
academics. Indeed, most of the work on option valuation models has been done based on the
setup, assumptions, and modeling choices, laid by the 1970’°s models.



In the following section a short review of how four selected models for (real) option
valuation, two from the 1970’s and two from after the millenium change, have solved the
problem of modeling the above mentioned three components.

3. Modeling Choices of Four Selected Models Used in Real Option Valuation

We have selected four models that are used the valuation of real options for a closer look at
the modeling choices that they are based on. The models selected are:

1) the famous, 1997 “Nobel Prize”-winning, Black & Scholes option pricing formula
from 1973 that is an often used model for the valuation of real options

i) the Binomial Option Pricing model by Cox, Ross & Rubinstein from 1979, also a very
used model in real option valuation

1i1) the Datar — Mathews model for real option valuation from 2004 [16], specifically built
for the valuation of real options to be used in a corporate investment decision-making
setting

iv) and finally the Fuzzy Pay-off Method for real option valuation from 2009 [13], a
method built based on using fuzzy numbers to represent the future distribution of
expected option value and applying fuzzy mathematics to reach the option value

The main selection criterion for the selection of the above four models is that each one of
them represents a different modeling approach to option valuation:

1) differential equation solutions (Black & Scholes formula and variants)
i1) discrete event and decision models (Binomial tree model)

1i1) simulation based methods for option valuation (Datar — Mathews model)
iv) fuzzy logic based methods (Fuzzy Pay-off Method)

Secondary selection criterion for these particular method variants is that the basic Black &
Scholes and binomial models are the starting points for the myriad of extensions and
expansions of these models available and used for real option valuation. The Datar — Mathews
model is a particularly interesting new example of a simulation based real option valuation
method, and for the purposes of this research it acts also as a placeholder for other (real)
option valuation methods [5] that have selected to use simulation as a part of their construct.
The Fuzzy Pay-off Method for real option valuation represents the rather recent developments
in building real option valuation models that are based on using fuzzy logic.

3.1.Black & Scholes Option Pricing Formula 1973

The original Black & Scholes formula [3] is designed to value a European call options
contract based on the price of an underlying stock. It is assumed that the stock is a freely
traded asset in complete and efficient markets (perfect markets), where there are no
transaction costs and any price changes are continuous, random and are distributed log-
normally with known variance. Further it is assumed that an investor in the markets is able to
lend and borrow at the risk free rate of return and buy any fraction of any security. Implicitly
the borrowing / lending assumption means that the discount rate used for discounting cash-
flows can also be the risk free rate. In the original formula no dividends payments were
assumed, this was modified later by Merton [26].



Perfect markets with the given assumptions effectively mean that the future development of
any traded asset is a random walk allowing for the use of stochastic processes, in this case the
Geometric Brownian Motion (GBM). Using the GBM is a modeling choice that acts almost as
a corollary to assuming perfect markets with the above assumptions, and covers also the issue
of modeling of the future value distribution of the option, because the GBM effectively
defines the resulting distribution.

,»The replication argument® is a brilliant observation that is behind the construct of the Black
& Scholes formula: any two assets with the same cash-flows and the same risk must be have
the same price under perfect markets. Thus, assuming perfect markets with the above
assumptions, any combination of securities that are traded in these markets and that delivers
exactly the same cash-flow as an option contract must be worth exactly as much as the option
contract. Black & Scholes observed that a cash-flow identical to the ,,option cash-flow* can
be reached by a constructing a combination of borrowing money and buying the underlying
(stock) in the amount determined by the option delta.
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S S is the price of the underlying asset
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The construct of the Black & Scholes method visible in equation (1) is very clever, as the
choice of assumptions and modeling and the replication argument are such that allow for a
closed form solution that returns the call option value as a single number.

The modeling choices of the Black & Scholes model in light of the three major components of
modeling the real option value are the following:

The modeling of the future value distribution is done by using a stochastic process for the
option value (actually the value of the underlying), namely the geometric Brownian motion, a
process already used in 1900 [2, 14] by Louis Bachelier, perhaps already earlier, and resulting
in a continuous log-normal distribution (for the expected value).

The calculation of the expected value of the future value distribution while mapping negative
values of the distribution zero, and the calculation of the present value of the expected value
are embedded in the closed form solution; the replication argument results in the very elegant
way of considering the calculation of the expected value. The discounting back of the ,,future
expected value* is done by using a continuously compounding risk-free rate of return as the
rate of discount (in essence for both, the revenue- and the cost-side of the option).

Many extensions of the original Black & Scholes model exist, also hybrid models that utilize
the original model framework but use fuzzy numbers, see e.g. [7],[11] and [37].



3.2. Binomial Option Pricing Model 1979

The binomial option pricing model [15] is based on the use of a ,,discrete-time* binomial tree
or latice for modeling the price variation of the underlying asset. In other words the creation
of the expected value distribution is done by creating a binomial lattice by using a binomial

process for stock price changes. The binomial process used allows for two possible directions
for the underlying asset value at each time step, up or down, with connected probabilities q

and 1-q.
:
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Figure 2. Binomial process for asset price with two steps

With these assumptions, the price of the European call option Vi(k) at time ti, up to which the
stock price process has experienced k steps, follows the the equations [15]
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Option pricing using the binomial pricing model is a three-stage process: first the binomial
tree 1s constructed, then the option value at each final node (end of maturity) is calculated, and
finally the option value for all earlier nodes is calculated by iterating backwards from the final
nodes. The process is a simple and a usable one, especially if one considers the existence of
American options.

The assumptions underlying the original binomial pricing model are similar to the
assumptions made for the Black & Scholes model and discussed above. This means that the
binomial pricing model is a discrete time approximation of the continuous process underlying
the Black & Scholes model: for European options with a large number of time-steps the result
from the binomial pricing model converges with the result from Black & Scholes model. In
other words, this means that the binomial distribution for the expected values approaches the
normal distribution.

The modeling choices of the binomial option pricing model in light of the three major
components of modeling the real option value are the following:



The modeling of the future value distribution is done by using a binomial process for the
underlying asset price that results in a discontinuous quasi-log-normal distribution that
approaches the continuous distribution that is the result of the GBM process used in the Black
& Scholes model.

The calculation of the real option value is done by starting from the ,,end* or final values of
the binomial lattice, created by the binomial process as described above. From the final values
the earlier node values are calculated, all the way back to the first node that is the real option
value at time zero. In the process a compounding risk-free rate of risk is used as the discount
rate is used and the rate of compounding is the number of nodes per year. Cost and revenue
side of the real option are not separated.

Extensions of the binomial option valuation model include a number of different
modifications. These include, e.g., changes to the original binomial process to include jumps,
considering other types of processes to replace the binomial process [6], and combining fuzzy
logic with the binomial model [27, 29, 28].

3.3. Datar — Mathews Method for Real Option Valuation 2004

The Datar-Mathews method [16, 24, 17] is a simulation based valuation algorithm that has
been specifically constructed for the purpose of real option valuation. The method relies on
cash-flow scenarios for the operational cash-flows of an investment project that is the real
option. The cash-flow scenarios are created by managers and experts in charge of the project.
The cash-flow scenarios are used an input into a Monte Carlo simulation that is used to create
a probability disttribution of the expected net present value for the project under analysis, i.e.
the real option. This distribution is also known as the pay-off distribution. The present value
distribution is calculated by using (allowing the use of) separate discount rates for the the
revenues and the costs. Real option value is calculated from the pay-off distribution by
finding the probability weighted mean while mapping the negative pay-off distribution values
Zero.

The intuition of the Datar-Mathews method in a nut-shell can be expressed as [17]:
Real Option Value = Risk Adjusted Success Probability * (Benefits — Costs)

Translating the Datar-Mathews method intutition into a spread-sheet expression [17] looks
like:

Real option value =

Average[ MAX (operating profits — launch cost, 0)] .

From the point of view of the three major components of modeling the real option value the
Datar-Mathews method differs from the Black & Scholes pricing model and the Binomial
model.

The the Datar-Mathews method does not rely on a selection and the use of a predetermined
process for the modeling (forecasting) of the future distribution for the underlying asset value.
The modeling of the future value distribution is done by using (normative) managerial cash-
flow information, given in the form of cash-flow scenarios, as the basis for a Monte-Carlo
simulation that is used to create a probability distribution of the expected net present value of
the project in question, i.e. the real option.



As the method ,.exists” as a spread-sheet application the discounting of the future value
distribution is automated and the use of many possible discounting options is possible, i.e., the
compounding interval can be freely selected (continuous / discrete) and the discount rates can
be different for revenues and for costs. Using different separate discount rates can even
allowed for each revenue and cost ,,post™ according to their individual risk. This means that
the Datar-Mathews method can reflect the (often observed) fact that revenues and costs are
not equally risky. Due to the flexible construct of the method also non-lognormal cash-flow
distributions can be quite easily accomodated, this is better in line with the reality of real
options [17].

The calculation of the real option value is done by calculating the probability weighted mean
of the pay-off distribution while mapping negative values of the pay-off distribution zero.

The method is ,mathematically equivalent to Black-Scholes formula under certain
assumptions® [17] — the Datar-Mathews method result converges with the Black & Scholes
result when the Monte Carlo is run enough times. The method has been patented [25] and
special software can be bought on-line.

3.4. Fuzzy Pay-off Method for Real Option Valuation 2009

Fuzzy Pay-off method (FPOM) [13, 12] is the latest addition of the four to the real option
valuation method arsenal. The method is based on a similar construct as the Datar-Mathews
method, it relies on cash-flow scenarios as a basis for creation of a net present value
distribution for the real option under analysis. The difference with the other presented
methods is that the method uses the cash-flow scenarios in the creation of a pay-off
distribution that is treated as a fuzzy number (a special case of a possibility distribution) and
does not treat the distribution as a probability distribution. The method is applicable to any
shape of pay-off distributions, but simple triangular or trapezoidal distributions are most
straight-forward to use: managers are most often asked to estimate three (or four) cash-flow
scenarios for a real option, a best estimate-, a minimum possible-, and a maximum possible
scenario. Net present value is calculated for each one of these scenarios. The discount rates
can be selected separately for costs and for revenues and the selection of the rate of
compounding is left to the analyst. The pay-off distribution in the three-scenario-case is
created from the NPV’s of the scenarios by:

1) observing that the best estimate scenario is the most likely one and assigning its* NPV
full degree membership in the set of expected NPV outcomes.

i1) deciding that the maximum possible and the minimum possible scenarios are the upper
and lower bounds of the distribution — also making the simplifying assumption:
values higher than the optimistic scenario and lower than the pessimistic scenario are
not considered

1i1) assuming that the shape of the pay-off distribution is triangular.

This procedure results in a triangular fuzzy number that is the pay-off distribution for the real
option under analysis and that is used as real option the future value distribution. The fuzzy
pay-off method calculates the real option value from the pay-off distribution (fuzzy NPV) as
follows:

) OOO A(x)dx

ROV = (57— X
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Where A stands for the pay-off distribution (fuzzy NPV), E(A;) denotes the possibilistic

mean value of the positive side of the pay-off distribution and fioA(x)dx computes the area

below the whole pay-off distribution, and waA(x)dx computes the area below the positive
part of the pay-off distribution.

To calculate the real option value from the pay-off distribution by using the fuzzy pay-off
method, the possibilistic mean [8] of the part of the pay-off distribution resting on the value
axis above values larger or equal to zero is calculated first. For the triangular case there are
four possible situations for the positive side of the pay-off distribution, and hence four
different possible cases where the possibilistic mean must be calculated. The calculation for
all four cases is done as follows:

( f—«a
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Then the possibilistic mean, E(A+), is multiplied by the area of the positive side of the pay-off
distribution over the whole area of the pay-off distribution. This is the procedure that is the
pay-off method for real option valuation.

The structure of the pay-off method is in line with the option valuation logic of the classical
option valuation methods, and especially with the Datar — Mathews method. The method uses
managerial information as a starting point for the creation of cash-flow scenarios, for which
the net present value is then calculated. Costs and revenues can be discounted by using
separate discount rates for each cost and the selection of compounding interval can be
selected by the user. The expected value of the value distribution is calculated by using the
possibilistic mean on the after-the-discounting pay-off distribution.

3.5. Summary of the selected models

The four models presented all solve the ,,real option valuation problem* in different ways,
below we present a short written summary of each one of the models and use table 1 to
topically summarize the three main modeling choices of each one of the models.

The analytical solution of the Black & Scholes model is a mathematically very elegant
construct that relies strongly on strict assumptions about the world in which the model works,
namely a world with efficient complete capital markets. The model is built by using a
stochastic process, the geometric Brownian motion for creating the future distribution of the
(real) option value. The replication logic the model uses earned the namesake creators the The
National Bank of Sweden prize in economics in the memory of Alfred Nobel. The model was
not constructed originally for real option valuation use.



The binomial option pricing model is able to produce the same result as the Black & Scholes
model by using a quite different approach for modelling the process that leads to the ,,same*
future value distribution, the binomial process. The model is uses a discrete event, stepwise
process that creates, with a large number of time-steps a quasi log-normal distribution for the
future value of the (real) option. Binomial model shares the same strict Black & Scholes
assumptions regarding the world in which it is applicable. The model was not originally
constructed for real option valuation use.

distr.

Model Process used to Distribution type Discounting of the | Other
create future value expected value
distribution
Black & Scholes | Geometric Brownian | Continuous, log- Continuous Closed form
(1973) Motion normal probability | discounting with rf | solution, replication

Binomial (1979)

Binomial tree
process

Quasi log-normal
probability distr.

Compound
discounting with rf

Backwards iteration
to solve value,
approaches B&S

Datar-Mathews

Cash-flow scenarios

Probability distr. of

Flexible, user

Practitioner oriented

(2004) + MC-simulation various shapes selectable
Fuzzy Pay-off Cash-flow scenarios | Fuzzy number Flexible, user Simplistic, uses
Method (2009) => Creation of fuzzy selectable fuzzy logic

number

Table 1. Summary of the selected (real)option valuation models

The Datar-Mathews model is built for real option valuation. It depends on managerial cash-
flow scenarios as input into a Monte Carlo simulation that is used to create a probability
distribution of the net present value of the real option (project). The distribution is infact the
pay-off distribution from the real option. The method is very flexible and allows for any
interval of compounding and free selection of discount rates used, this is due to the fact that it
is applicable in the spread-sheet software domain. The model does not have strict underlying
assumptions.

The fuzzy pay-off model for real option valuation uses the net present value of best estimate,
minimum possible, and maximum possible manager given cash-flow scenarios to create a
fuzzy pay-off distribution for the real option. The fuzzy pay-off (net present value)
distribution is treated as a fuzzy number (fuzzy NPV) and the expected value of the real
option is calculated from the distribution by using possibilistic mean value for the positive
side of the fuzzy NPV. The model has been from the start designed to be used by practitioners
for the valuation and analysis of real options and real investments. Any discount rates and
compound intervals can be used and the model is free of any restrictive assumptions, but if a
small number of cash-flow scenarios (2-4) are used the shape of the pay-off distribution will
be a simplification of reality.

4. Discussion, New Ideas, and Conclusions

The four types of models for the valuation of real options all offer different insights into the
variety of methods that can be used in framing the same problem. Three of the four models
use a probability distribution in expressing the future distribution of the real option value one
uses a fuzzy number. In broader terms the use of the probability distribution is greatly more
widespread, perhaps due to the more widespread knowledge and experience on using
probability distributions.



The process used in creating the future value distribution of the real options is different in
each of the models, Black & Scholes model uses a closed form formula that uses a strictly
pre-defined process that allows for no adjustment the Binomial model is in effect a discrete
time version of the Black & Scholes model. Many models based on the Black & Scholes
model have done changes / enhancements to the GBM used in the model, for example to
allow skewed distributions and autocorrelation (see for example [33] and other works by the
same authors). There are works that utilize fuzzy numbers together with the Black & Scholes
original model, hybrids that mainly use the fuzzy numbers to tackle the inaccuracies in
estimating the values for the revenues and costs [36, 37, 11]. Criticism of the Black & Scholes
formula [19] reveals that the method has not been fully appreciated by all the practitioners in
the financial industry, similar voices have been heard from the real options community on the
modeling choices of real option valuation in general [4].

Going deeply into the question of selecting the process that creates the future value
distribution may be relevant with regards to the criticism and important in our attempt to
understand and create a picture about the modeling choices for framing the problem of real
option valuation. This means also that we need to keep in mind that someone, namely the
modeler, has selected a process that he/she has thought is good for ,,the job* has also been a
normative decision. The choice of the modeller is always putting the reality and the used
model component for modeling that reality at a confrontation. Now this does not mean that
the Black & Scholes model is wrong if it does not reflect reality of financial options or that of
real options, because from the get-go the authors of the model assume a theoretical perfect
markets world. But it needs to be said: the Black & Scholes modeling choice of using GBM is
not very good choice for realistic modeling of real option value. This means logically that
Binomial model may not be the perfect choice either.

The Datar-Mathews model and the Fuzzy pay-off model use expert generated cash-flow
scenarios as an input into real option valuation. This allows for the process of future value
distribution creation to include information that is outside of the ,,flexibility* offered by a pre-
determined process, for example information about hedging strategies used for taking out
risks or similar. This allows for these methods to result ,,any form* of distribution for the
future value of the real option and therefore offer a more realistic fit to the reality of real
option valuation, answering also to some of the the critical comments about real option
valuation methods [4].

Discounting of the expected value, or the whole future value distribution for that matter, to the
present time value is done by using the same logic. The difference in the four presented
methods is that the Datar-Mathews method and the fuzzy pay-off method allow for flexiblity
in choosing the discount rate for the components that make the total cost and revenue cash-
flows separately and individually and in the selection of the compounding interval, while the
Black & Scholes model and the Binomial tree method use the risk-free rate of return for the
discounting for both the costs and the revenues and have predetermined intervals for
compounding. In essence to reach a ,,similar result from the Black & Scholes & Binomial
tree models and the Datar-Mathews model the revenue and cost cash-flows need to be
preprocessed or ,,pre-discounted* to risk neutrality so that the risk-free rate of return can be
used as a discount rate. This means that in an ,,analysis well-done* with both of these two
methods there is in actuality the need to use separate discount rates for costs and for revenues
to reach risk neutral revenue and cost numbers for real options analysis; this is not usually
presented and is sometimes not considered.



Above presented issues illustrate the fact that there are many ways to model real option
valuation, but lately the requirement of the models seems to have been set on a new level: real
option valuation models should be able to cope with the requirements of the real world that is
to have tolerance for the many imperfections of real asset reality in comparison to the
theoretical complete and efficient markets. This gives a possibility and motivation to think
about some new ways of modeling the real option valuation problem or at least to look at
some of the components used in real option valuation with an open mind.

4.1 Some new Ideas

From a mathematical modeling perspective it is interesting to think about new approaches for
framing the option valuation problem. Indeed there are many possible feasible alternatives for
example, for the creation of the future option value distribution. As the number of possible
new avenues is great the presentation here is limited to four shortly presented ideas applicable
to real option valuation models in the future.

Taking into consideration the limitations of the available information is a task that real option
modeling should look at, apart from using stochastic models and fuzzy logic that have both
been already tested we could also look at subjective probability [1, 31] and credibility [18] as
a frame for our thought when we look at the real option valuation problem. These are ,,other*
ways to define uncertainty — other than probability and fuzzy logic and we should try them
out!

Using simulation in creating a distribution for the future value of a real option is an
established methodology, but has anyone used a manager to ,,draw* the distribution as she
sees it reflecting reality and, then running a curve fitting algorithm that would treat the
distribution as a curve and find an ,,as close as possible* fitting defined curve or a function to
fully define the distribution. To the best of my knowledge such an attempt has not been
reported.

Real option valuators should put more emphasis on the intuitive and understandable
presentation of results and perhaps show more than “just the real option value®. The whole
process of real option valuation itself contains information about the real option and is likely
to often be of interest to the dececision-makers — yet they are most often shut out of that
information. Presenting real option valuation results as if they were coming from a black box
is not only an inferior way to use the obtained results, but is also prone to cause the rejection
of the method by managers, who often want to understand the tools used in the evaluation.
This IS also the modelers® problem even if the modeler may not be the analyst using and
presenting the model. I am not alone in my want or craving for good presentation of data,
scholars that have risen to become almost household names like Hans Roslingi have devoted
their time to push presentation of data and results to a new level. The results of their
presentation of results speak for themselves. Some in the RO community are voicing similar
thoughts, since a long time ago ,,It makes little sense to use a numerical technique to calculate



the option price accurate to 1% or 2% when the underlying asset price is only known to an
accuracy of 10%, as in real options.” [34]

4.2 Conclusions

The bar for future modeling of real option valuation has been set higher, future models for
practical use must be constructed to reflect that fact and to reflect the realities of real world
real options. Problems like non-existing markets for the assets underlying the real options,
lack of available information or imprecise information, and information assymmetry coupled
with the fact that holders of real options are able to sometimes steer the value of their real
options (pull the option levers) should be taken into consideration and integrated into the
models as well as possible. The source of good information for real option valuation is more
often than not experts, as existence of any historical data sets or collected data for similar
previous endeavours is not available, it is the human knowledge about our real options that we
must seek. Finding ways to correctly represent human knowledge, perhaps given in linguistic
terms, not in numbers and perhaps conflicted by other human experts are formidable
challenges that face real option valuation.

While the reality bites, in academia exploration for new ways to model remains however free
of the constraints of reality and it should be encouraged. It is per se valuable to seek new and
elegant constructs for modeling issues, but I encourage the modellers, you, to look outside the
box and to ,,try to please* the practitioner. It is not without meaning we should do this work of
ours, but to serve the practitioner.

It is with this challenge for scholars and managers interested in mathematical modeling of real
options that I close this paper: ,,I dare you to create new models for option valuation that
challenge old assumptions and perhaps offer a better fit to the reality of real options*®.
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