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Preface

I wrote this book with the corporate financial analyst and graduate student
in mind. Real Options Analysis Course’s business cases, exercises, step-by-

step methodologies, and applications have been adapted for and solved
using the enclosed Real Options Analysis Toolkit trial software CD-ROM.
It is assumed that the reader has familiarity with real options concepts as
outlined in my previous book, Real Options Analysis (Wiley, 2002), as some
of the more important concepts overlap between these books. As in the first
book, I focus on the ease of use and pragmatic applications of real options
and forgo many of the theoretical concepts. The idea is to demystify the
black-box analytics in real options and to make transparent its concepts,
methodologies, and applications. Rather than relying on stochastic Ito cal-
culus, variance reduction, differential equations, numerical methods, or sto-
chastic path-dependent simulations to solve real options problems, I have
instead relied heavily on binomial lattices, which I have shown time and
again to be reliable and produce identical results, at the limit, to the former
approaches. While it is extremely easy to modify binomial lattices depend-
ing on the real options or to more accurately mirror the intricacies of actual
business cases, it is extremely difficult to do so using the more advanced
techniques. In the end, the more flexible and mathematically manageable
approach becomes the pragmatic approach. The flexibility in the modeling
approach flows well with the overall theme of this book: “If you can think
it, you can solve it!” Finally, my intention is to reveal as much as possible in
the realms of real options. A black box will remain a black box if no one can
understand the concepts, despite its power and applicability. Only when the
black box becomes so transparent that analysts can understand, apply, and
convince others of its results and applicability will the approach receive
widespread influence. It took over two decades for discounted cash flow and
net present value analysis to take hold in corporate finance—then again, that
was during an era of slide rules, little knowledge of corporate finance, and
virtually no desktop computer software spreadsheet applications. However,
it is vital to note that the software does not eliminate the analyst, as it is only
a tool. Instead, the tool exists to allow the analyst to spend more time think-
ing and framing the real options problem—50 percent of the real options
challenge is simply thinking about it, 25 percent is the modeling, and the re-
maining 25 percent is explaining the results to management. I am convinced



that with the advent of my software, Real Options Analysis Toolkit, books
such as this one (that demystifies real options, rather than cloud it with ac-
ademic jargon and unnecessary complexities), and seminars and trainings
like the ones I have held worldwide, the learning curve will be traversed even
more quickly and real options will be accepted as widely as discounted cash
flow modeling within the next few decades.

JOHNATHAN MUN, PH.D.
Denver, Colorado
JohnathanMun@cs.com
February 2003
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CHAPTER 1
Installing the Software

INSTALLING CRYSTAL BALL MONTE CARLO 
SIMULATION SOFTWARE

To get started with the business cases, you first have to install the Crystal
Ball® Monte Carlo simulation software. The Crystal Ball software needs to be
installed prior to installing the Real Options Analysis Toolkit software cov-
ered in the next section. You do not have to install Crystal Ball if you have a
previous version already installed. The version of Crystal Ball on the accom-
panying CD-ROM requires a minimum of Microsoft Windows 2000 or later,
Microsoft Excel 97 or later, 10 MB hard drive space, and 64 MB RAM to run.

Exit all other programs before starting the installation process. To start
the installation process, browse the contents of the CD-ROM. Open the
Crystal Ball Software folder and double-click on the setup.exe file (Figure
1.1). You will then be greeted with an installation welcome screen as seen in

FIGURE 1.1 Setup folder contents for Crystal Ball software.



Figure 1.2. Click on the Next button to continue with the installation
process.

The installation process will then prompt you for your name, company
name, and a registration number as seen in Figure 1.3. Leave the registration
code field empty for a trial period, or enter a valid registration number if you
have purchased a full version of the software. Click on the Next button to
continue with the installation process. You will then be prompted with sev-
eral installation and start-up preferences. For simplicity, select the recom-
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FIGURE 1.2 Program setup welcome screen.

FIGURE 1.3 Registration screen.



mended default setup settings, that is, set Crystal Ball to start every time Mi-
crosoft Excel is launched. Click on the Next button to continue with the in-
stallation process (Figure 1.4).

The installer will automatically locate the directory where Microsoft
Excel resides. If you have multiple versions of Microsoft Excel and you wish
to use Crystal Ball only with a particular version, then click on the Browse
button to locate the folder with the specific version of Microsoft Excel.
Otherwise, click on the Next button to continue (Figure 1.5). Choose the

Installing Crystal Ball Monte Carlo Simulation Software 3

FIGURE 1.4 Start option configuration screen.

FIGURE 1.5 Microsoft Excel location prompt at setup.



destination folder to install the software. Unless there are specific reasons,
such as low disk space or installing on servers, use the default installation lo-
cation and click on Next (Figure 1.6).

You will then be prompted to select the components to install. Crystal
Ball 2000 is a required component to run simulations. CB Predictor is a
time-series forecasting utility. Crystal Ball Tools is a collection of power
tools ranging from Tornado Charts and Sensitivity Analysis to Nonpara-
metric Bootstrap Simulation. OptQuest for Crystal Ball is a stochastic opti-
mization tool. Developer Kit for Crystal Ball is a collection of functions
available through Visual Basic for Applications (VBA) in Microsoft Excel.
Keep the default settings to select all the components for installation and
click Next (Figure 1.7). When the installation is complete, you will be noti-
fied (Figure 1.8). Click on Finish to complete and exit the process. The en-
tire installation process may take from 3 minutes to 10 minutes, depending
on the speed of your computer.

Now, to verify that the installation procedure has been successful, click
on the Start button in Microsoft Windows, select Programs and Crystal
Ball. You will then see some supporting materials including examples and
help files. Click on Crystal Ball to launch the software (Figure 1.9). When
the software starts for the very first time, you will see an end-user license
agreement (Figure 1.10). Read through the agreement and click on Accept to
get started. If the installation process had been successful, you will see the
Crystal Ball splash screen appear momentarily (Figure 1.11).

The software will also start Microsoft Excel. You should notice a new
Crystal Ball icon toolbar in Microsoft Excel (Figure 1.12). In addition, three

4 INSTALLING THE SOFTWARE

FIGURE 1.6 Choose setup location screen.
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FIGURE 1.7 Component selection screen at setup.

FIGURE 1.8 Setup completion verification screen.

FIGURE 1.9 Location of the Crystal Ball software.



new menu bar items will be added to Microsoft Excel (Figure 1.13). If these
elements do not appear, click on Tools and select Add-Ins (Figure 1.14).

Make sure the box beside Crystal Ball is checked and click OK (Figure
1.15). You are now ready to install the Real Options Analysis Toolkit soft-
ware and begin the exercises. Refer to Chapter 2, Getting Started with the
Software, to begin using the software.

6 INSTALLING THE SOFTWARE

FIGURE 1.10 License acceptance screen.

FIGURE 1.11 Crystal Ball splash screen.

FIGURE 1.12 Crystal Ball icon bar.
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FIGURE 1.13 Crystal Ball menu bar in Microsoft Excel.

FIGURE 1.14 Menu item in Microsoft Excel.

FIGURE 1.15 Add-ins dialog box in Microsoft Excel.



INSTALLING REAL OPTIONS ANALYSIS 
TOOLKIT SOFTWARE

I recommend that you install the Crystal Ball software before installing the
Real Options Analysis Toolkit, and that you exit all other programs before
starting the installation process. To start the installation process, browse the
contents of the CD-ROM. Open the Real Options Software folder and
double-click on the setup.exe file (Figure 1.16). (You need to have adminis-
trative rights before you can install the software. Please see an IT profes-
sional if you are unsure if you have these rights on the computer.)

The installer then searches your computer for the Microsoft .NET
Framework, a required component to run the Real Options Analysis Toolkit
software. If the Microsoft .NET Framework does not exist, you will be
prompted to install it by first accepting the Microsoft licensing agreement
(Figure 1.17). Confirm the installation of the Microsoft .NET Framework
package by selecting Yes when prompted (Figure 1.18). Then, simply follow
the instructions by keeping all the default settings and clicking on Next
when prompted (Figure 1.19). You will be updated on the amount of time
remaining during the installation process (Figure 1.20), and notified when
the installation is complete (Figure 1.21). Depending on your system con-
figuration, the installation process for the Microsoft .NET Framework may
take from 3 minutes to 20 minutes.

8 INSTALLING THE SOFTWARE

FIGURE 1.16 Setup folder contents for Real Options Analysis Toolkit software.



9

FIGURE 1.17 License acceptance screen.

FIGURE 1.18 Microsoft .NET Framework installation confirmation.

FIGURE 1.19 Microsoft .NET Framework setup screen.



After the Microsoft .NET Framework is installed, the Real Options
Analysis Toolkit software installation starts automatically. If it does not,
simply rerun the setup.exe file by double-clicking on the file located in 
the Real Options folder. Click on Next to continue with the installation (Fig-
ure 1.22).

Read the end-user licensing agreement and click Yes if you agree with
the statement and to continue with the installation process (Figure 1.23).
Then, enter your name and company name, and click Next to continue 

10 INSTALLING THE SOFTWARE

FIGURE 1.20 Microsoft .NET Setup status screen.

FIGURE 1.21 Microsoft .NET Setup completion verification screen.



(Figure 1.24). Keep the default installation location unless you are restricted
by free hard drive space. Click Next to continue (Figure 1.25). Select Typi-
cal Setup Type when prompted to install all the required components as well 
as documentation and example files. These files are required for the exer-
cises. Click Next to continue (Figure 1.26). You will be notified when the in-
stallation is complete. Restart your computer before using the software by
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FIGURE 1.22 Real Options Analysis Toolkit software setup welcome screen.

FIGURE 1.23 License acceptance screen.



selecting Yes and clicking Finish (Figure 1.27). (Certain computer configu-
rations may require the user to reinsert the CD-ROM after rebooting is
complete.)

After restarting, verify that the installation process was successful by
clicking on Start in Microsoft Windows, selecting Programs, Crystal Ball,
Real Options Analysis Toolkit, and Toolkit (Figure 1.28). If the installation
process has been successful, the software will launch Microsoft Excel and

12 INSTALLING THE SOFTWARE

FIGURE 1.24 Registration screen.

FIGURE 1.25 Choose setup location screen.
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FIGURE 1.26 Component selection screen at setup.

FIGURE 1.27 Setup completion verification screen.

FIGURE 1.28 Location of the Real Options Analysis Toolkit software.



the splash screen in Figure 1.29 appears momentarily. Then the screen in
Figure 1.30 appears. When prompted for a registration number, leave it
empty for a trial period or enter the full version registration number if you
purchased the software. You may contact www.crystalball.com to obtain an
extended trial period registration code. Refer to Chapter 2, Getting Started
with the Software, on how to get started using the software.

14 INSTALLING THE SOFTWARE

FIGURE 1.29 Real Options Analysis Toolkit splash screen.

FIGURE 1.30 Real Options Analysis Toolkit software main welcome screen.
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CHAPTER 2
Getting Started 

with the Software

GETTING STARTED WITH 
CRYSTAL BALL SOFTWARE

The following exercise helps you get started using the Crystal Ball Monte
Carlo simulation software. Start by opening an example spreadsheet. Click
on Start, Programs, Crystal Ball, and choose Examples (Figure 2.1). The
software comes with multiple sample Excel spreadsheets. Double-click on
Magazine Sales.xls to start the example shown in Figure 2.2. The Crystal
Ball splash screen in Figure 2.3 should appear momentarily.

FIGURE 2.1 Location of the Crystal Ball Software’s example files.

FIGURE 2.2 Contents for Crystal Ball Software’s example folder.



The Simulation Environment

The Crystal Ball toolbar in Figure 2.4 should appear in Microsoft Excel. To
get started and to run a simple simulation, we are only concerned with three
functions: Define Assumption, Define Forecast, and Run Simulation. Every
Monte Carlo simulation analysis requires a minimum of these three sets of
commands. (If the toolbar or splash screen does not appear, click on Tools
and select Add-Ins. Then make sure the check box beside Crystal Ball is se-
lected, and click OK.)

Defining an assumption means selecting a cell in Excel populated with
a simple numerical entry and assigning a relevant distribution to it. Defining
a forecast means to select a cell with a numerical equation and requesting
Crystal Ball to capture its output results. Running a simulation means the
program initiates a Monte Carlo simulation of thousands of trials (depend-
ing on the specified number of trials to run), randomly selecting numbers
from the assigned distribution, and keying these random numbers into the
selected assumption cell. The resulting calculations in the forecast cell are
then captured in the software.

The example you opened looks at the levels of magazine checkout sales
as seen in Figure 2.5. Four different magazines are listed, complete with the
sales volume, retail price, and cost of goods. The resulting gross profit is
then calculated. The sum of the gross profits for each magazine is calculated
as $5,832.

16 GETTING STARTED WITH THE SOFTWARE

FIGURE 2.3 Crystal Ball splash screen.

Define Forecast Run Simulation
Define Assumption

FIGURE 2.4 Crystal Ball toolbar.



Creating a Simulation

Now suppose that the projected sales volumes (the number of magazines
sold) for Magazines A and B are unknown in some future period. We can per-
form Monte Carlo simulation on these sales volumes. First, select cell C5,
which has the sales volume forecast. Click on Define Assumption on the
Crystal Ball toolbar. A Distribution Gallery will appear, with a series of dif-
ferent distributions. For simplicity, assume that Magazine A’s sales volume
follows a triangular distribution. Select Triangular and click OK (Figure 2.6).
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FIGURE 2.5 Magazine checkout sales example Excel file.

FIGURE 2.6 Magazine checkout sales example Excel file 
with Crystal Ball’s Distribution Gallery.



You will be prompted to enter the parameters in the triangular distri-
bution (Figure 2.7). Suppose you know from historical sales that the worst-
case scenario sales volume is 450 units, average sales volume is 500 units,
and a best-case scenario is 550 units. Enter the appropriate values and click
OK. Next, select cell D5 for the sales volume forecast of Magazine B. This
time, select the Normal distribution as seen in Figure 2.8. You can now enter

18 GETTING STARTED WITH THE SOFTWARE

FIGURE 2.7 Triangular distribution for sales volume.

FIGURE 2.8 Magazine checkout sales example Excel file with 
Crystal Ball assumptions defined.



the mean and standard deviation of the normal distribution or, alternatively,
you can click on the Parms button to locate the gallery of alternate param-
eters to enter. Select the 10%, 90%-tile to change the input parameters to
the 10th and 90th percentile (Figure 2.9). You can now input the relevant
historical sales volumes that occurred the lowest 10 percent of the time, and
the corresponding sales volume that occurred the highest 10 percent of the
time. That is, 80 percent of the time, your historical sales volume was be-
tween 300 and 400 units (Figure 2.10).

Now that you have assigned distributions to the unknown variables,
you will then need to define the forecast of your analysis. Select cell C11,
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FIGURE 2.9 Crystal Ball’s alternate parameters function.

FIGURE 2.10 Crystal Ball’s alternate parameters with 10th and 90th percentiles.



which has the total gross profit of the magazine sales. Then, click on Define
Forecast in the Crystal Ball toolbar. Enter in the relevant name and units for
this forecast. Click OK (Figure 2.11).

You are now ready to run a simulation. Click on the Run Simulation
icon. The Excel spreadsheet should now come to life and a forecast chart
will appear. If the forecast chart does not appear, simply click on Run, Fore-
cast Windows, and select Open All Forecasts.

Interpreting the Simulation Results

Once the simulation process is complete, you can type 90 in the Certainty
box of the forecast chart and hit enter. The 90 percent confidence interval
now appears (Figure 2.12), indicating that 90 percent of the time the total
gross profit of selling four magazines where the sales volumes of the first two
magazines are uncertain falls between $5,522 and $6,081.

In addition, you can type in a gross revenue value, say 6,000 on the right
confidence tail, hit enter and obtain an 86.80 percent certainty level, which

20 GETTING STARTED WITH THE SOFTWARE

FIGURE 2.11 Defining a forecast cell in Crystal Ball.

FIGURE 2.12 Forecast chart for total gross profit 
with a 90 percent confidence interval.



means that there is an 86.80 percent chance that total gross revenues will be
below $6,000 or a 13.20 percent chance total gross revenues will exceed
$6,000 (Figure 2.13). (You may need to type 100 in the certainty box before
proceeding with the $6,000 example.)

Similarly, you can drag the certainty grabbers (black triangle straddling
the horizontal axis in Figure 2.14) to obtain a particular certainty level or
dollar confidence value. For instance, the value at risk is $5,444, such that
2 percent of the time, the worst-case scenario indicates that total gross prof-
its will be at least this level. Other output statistics are also available by hit-
ting the spacebar on your keyboard. For instance, the table in Figure 2.15
provides the basic statistics of the simulated total gross profit.

Getting Started with Crystal Ball Software 21

FIGURE 2.13 Forecast chart for total gross profit showing 
the probability of less than $6,000.

FIGURE 2.14 Forecast chart’s certainty grabbers.



GETTING STARTED WITH REAL OPTIONS
ANALYSIS TOOLKIT SOFTWARE

The Modeling Interface

Click on Start, Programs, Crystal Ball, Real Options Analysis Toolkit, and se-
lect Toolkit (Figure 2.16). The toolkit main welcome screen now appears as il-
lustrated in Figure 2.17. Make sure you select Enable Macros if prompted.
The models are aggregated into three distinct categories: Binomial Lattices
with Closed-Form Models, Closed-Form Partial-Differential Models, and Sto-
chastic Differential Models. The first category of models uses the binomial ap-
proach, in concert with closed-form models. These two approaches are used
together to confirm the analytical results. The second category of models con-
sists purely of closed-form models or binomial lattice models performed in iso-
lation. The last category of models focuses on stochastic-modeling techniques.

A simple example is now in order. Click on the Abandonment option
button from the main welcome screen. The American Abandonment Option
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FIGURE 2.15 Forecast chart’s statistics view.

FIGURE 2.16 Location of the Real Options Analysis Toolkit software.



model will now appear as seen in Figure 2.18. This modeling screen is sim-
ilar to most of the models in the software, that is, there is a title bar, in-
put parameters box, intermediate calculations box, results box, Main and
Help buttons, options payoff graphics, pricing and valuation lattices, and a
decision lattice. Take a moment to familiarize yourself with the modeling
environment. Notice that there is a Help button that will provide the user
more detailed information on the model currently in use.
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FIGURE 2.17 Real Options Analysis Toolkit software main welcome screen.

FIGURE 2.18 American Abandonment Option model.



In this example, suppose a firm owns a piece of land (or any asset,
patent, or intangible) in a highly liquid and volatile market. Suppose the
land is currently worth $100 million (PV Asset Value) in the market today.
If the analyst prices the land at $100 million, it may be underpriced due to
the fluctuation in the market. That is, prices can be significantly higher or
lower than this $100 million value (due to the Volatility of 25 percent), as
well as there may exist options that have not been considered (building a
parking structure, building a shopping mall, leaving the land undeveloped
for the future, etc.). Suppose the firm decides to hedge its bets against a po-
tential market downside by creating an abandonment option by negotiating
a contract with another firm or potential buyer, whereby for a setup fee (say,
$50,000) this potential buyer agrees contractually, to purchase this piece of
land from your firm at any time within the next 5 years (Expiration in
Years) for a discounted price of $80 million (Salvage Value). Of course, the
decision to sell the land is strictly at the prerogative of the firm that owns the
land, while the potential buyer is obliged to purchase the land (to obtain 
the discount and the setup contractual fee). Effectively, your firm has created
an abandonment option, a safety net, or an insurance policy of sorts, where
if the price in the market exceeds its current levels (say, $200 million), sell
the land in the market and let the contract expire (capture the upside of $100
million and lose only the $50,000 fee). Otherwise, if market prices are de-
pressed to anything lower than the contractual salvage value (say, $50 mil-
lion), call the potential buyer and execute the abandonment option, thereby
reducing the risk of a downside. Hence, this insurance policy limits the min-
imum amount the firm will obtain selling this piece of land at $80 million.
The calculated value of the land with this option is $105.62 million (Bino-
mial Approach ENPV). The additional $5.62 million is the strategic aban-
donment option value—the price of the $80 million insurance, or the
maximum value that the firm should be willing to pay to the potential buyer
in order to obtain the contract. This also provides the firm with a great ne-
gotiation tool. Imagine if the counterparty does not perform this analysis but
you do—providing you with competitive advantage and valuable strategic
knowledge of the contract’s true value.

As further illustration, if the salvage value is changed to $10 million, the
option value becomes $0 and the piece of land is worth $100 million, as
given such a low safety net, the market will never bear a price any lower
than this $10 million and the safety net is never utilized, making the option
worthless. Conversely, setting the salvage value to $300 million will change
the value of the land to $300 million—this means you forget about the op-
tion and sell it immediately to the potential buyer, who is currently willing
to pay you three times the market value! Finally, setting the volatility to 1
percent will yield a land value of $100 million—if uncertainty is negligible
(if real estate prices hardly fluctuate, the option is not worth anything, and
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the price of land will probably stay at a constant $100 million for the fore-
seeable future). Other related applications include putting in exit and aban-
donment clauses or caveats in contracts, thereby increasing a contract’s value.

Let us now look at each section in detail. The first is the Input Parame-
ters section (Figure 2.19). Here, the relevant parameter can be typed in di-
rectly or linked in from another spreadsheet. This area is characterized by its
white background. A set of sample input parameters exists as a guide.

Entering an incorrect input (e.g., negative values or non-numeric values
for certain inputs are not allowed) will yield a warning message as shown in
Figure 2.20. Assuming that all the inputs are correct, the Intermediate Cal-
culations section shows the time-step, up-jump size, down-jump size, and
risk-neutral probability calculations for a predetermined five-step binomial
lattice (Figure 2.21).

The resulting real options value calculated using the five-step binomial
approach is shown in the Results section. The value shown is the Expanded
Net Present Value (ENPV), which is the net present value (NPV) plus the
value of the strategic option. The value for the Super Lattice calculation is
set to default to five-steps, indicating the same result as the binomial five-
step lattice (Figure 2.22).
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FIGURE 2.19 Input Parameters for the American Abandonment Option.

FIGURE 2.20 Sample error message dialog.

FIGURE 2.21 Intermediate calculations for the American Abandonment Option.



The drop-down box seen in Figure 2.23 beside the Super Lattice ap-
proach provides the user a choice to change the number of steps to perform
using a binomial lattice. For instance, if 1,000 steps are chosen, the results
indicate that the abandonment option’s ENPV is $105.87. The reader will
see later that the higher the number of steps, the more granular the lattice
and the higher the accuracy of the lattice results. (Manually creating a bino-
mial lattice with 1,000 steps may take months to calculate, as compared to
less than a few seconds using the software.)

Another section of interest is the Underlying Asset Pricing Lattice (Figure
2.24). This shows the simple predetermined five-step binomial lattice of the
underlying asset. The Option Valuation Lattice shows the step-by-step option
valuation using a process called backward induction (Figure 2.25). Please
refer to my previous book, Real Options Analysis, for details on the specifics
of creating and interpreting binomial lattices. There is also a section in the
model for the Decision Lattice as shown in Figure 2.26, which calculates the
optimal decision for when and if to execute the abandonment option.
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FIGURE 2.22 Results from the American Abandonment Option.

FIGURE 2.23 Super Lattice drop-down box.

FIGURE 2.24 Underlying Asset Pricing Lattice for the 
American Abandonment Option.



The Lattice Viewer

If a higher number of time-steps is required, the user can select the relevant
number of steps to show in the lattice (Figure 2.27). Clicking on Show Lat-
tice will provide a view of the binomial lattice in a separate window (Figure
2.28). The underlying asset pricing lattice is shown as the first number on
the lattice and the option valuation lattice as the second number. The deci-
sion lattice is also shown with different colors based on the optimal decision
at each node.

Notice that the preferences on the lattice viewer can be changed by
clicking on the Tree Prefs or Node Prefs icon on the toolbar. For instance,
click on Node Prefs and deselect the Draw Border under the Symbol section,
and Colorize Nodes by Option Type under the Options section, and click
OK (Figure 2.29). The lattice viewer will change to take into account the
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FIGURE 2.25 Option Valuation Lattice for the American Abandonment Option.

FIGURE 2.26 Decision Lattice for the American Abandonment Option.

FIGURE 2.27 Show Lattice drop-down list.
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FIGURE 2.28 Lattice viewer.

FIGURE 2.29 Lattice viewer’s preferences dialog box.



changes in the preferences as seen in Figure 2.30. Close the lattice viewer by
selecting the File, Close Window on the menu bar.

The Help Environment

In addition, the user can click on Help to visit the help tips for the aban-
donment option model. The scroll text provides the user a quick reference
for the option model. In addition, moving the mouse over the numerical val-
ues with red triangular tags will provide the user additional information on
what each numerical value represents (Figure 2.31). Return to the abandon-
ment model by clicking Close Help. Return to the main welcome screen by
clicking on Main. Notice that an extended user manual is also available in
the software (click on Start, Programs, Crystal Ball, Real Options Analysis
Toolkit, and select User Manual ).
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FIGURE 2.30 Lattice viewer with updated preferences.



Solving Customized Options

Note: Foreign Excel and Windows settings may deactivate this module. To
reactivate the custom lattice module, change your computer’s regional set-
tings to English USA.

From the main welcome screen, select Custom Lattice to launch the
customized options analysis model. Click on Step 1: Reset Sheet to reset the
spreadsheet before creating a customized option model. This step is impor-
tant because any prior input parameters will be cleared from memory. Then,
click on Step 2: Enter Starting Asset Value and you will see the dialog box
in Figure 2.32 appear. Click on OK and enter a starting value for the pric-
ing lattice, which is the present value of future cash flows. Type 100 and hit
enter (Figure 2.33). Then, click on Step 3: Create Pricing Lattice and you
will be prompted for more information as seen in Figure 2.34.

30 GETTING STARTED WITH THE SOFTWARE

FIGURE 2.31 Help screen for the American Abandonment Option.

FIGURE 2.32 Custom Lattice’s second-step message box.



Enter the cell reference (e.g., D22) that contains the “100” value previ-
ously entered. Enter the additional parameters requested, such as volatility
in percent, maturity in years, risk-free rate in percent, dividends in percent,
and the number of steps. Click Create and the pricing lattice will be created,
together with a summary of the input parameters (Figure 2.35).

Then click on Step 4: Enter Terminal and Intermediate Formulae to
continue. A dialog box will provide further information as shown in Figure
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FIGURE 2.33 Custom Lattice.

FIGURE 2.34 Custom Lattice’s setup dialog for creating a pricing lattice.



2.36. Click OK. The next step is to enter the customized valuation lattice
equations, first for the terminal nodes and then for the intermediate nodes.
In cell P36, type in the terminal period formula; for example, type in

=MAX(P22-100,0)

where P22 refers to the corresponding node on the pricing lattice and 100 is
the cost to execute this option. Then, in cell O36, enter in the intermediate
formula (Figure 2.37); for example, type in

=MAX((0.5926*P36 + (1-0.5926)*P37)*0.9753, O22-100)
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FIGURE 2.35 Custom Lattice with a calculated pricing lattice.

FIGURE 2.36 Custom lattice’s fourth-step message box.



where 0.5926 is the risk-neutral probability based on the previous inputs
and 0.9753 is the discount factor (top of Figure 2.35).

Then click on Step 5: Perform Lattice Valuation and you will be
prompted with the dialog box shown in Figure 2.38. Enter or select the cell
with the terminal formula (e.g., P36) and enter or select the cell with the in-
termediate formula (e.g., O36), enter the number of steps corresponding to
the number of steps entered previously when generating the pricing lattice,
and click on Value! to create the valuation lattice. The value of this simple
option is $29.26 as shown in Figure 2.39.

Using the same approach, the user can create multiple and complex cus-
tom option types easily and effectively by merely entering the correct termi-
nal and intermediate formulas for each successive valuation lattice.
Similarly, uncertainties in pricing, demand, competition, market share, and
so forth can be modeled through successive lattices.
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FIGURE 2.37 Custom Lattice with sample terminal and intermediate calculations.

FIGURE 2.38 Custom Lattice’s setup dialog for creating a pricing lattice.



Accessing the Functions, Running Simulations, 
and Optimization

Note: Functions are only accessible in the full version of the software.
If the user requires access only to the functions and results, as well as to

run Monte Carlo simulation or optimization, the user should then first exit
the Real Options Analysis Toolkit software by exiting Excel. Open any ex-
isting Excel spreadsheet. For instance, click on Start, Programs, Crystal Ball,
Real Options Analysis Toolkit, Examples, and choose Simulation (Figure
2.40). The spreadsheet shown in Figure 2.41 appears. The spreadsheet ex-
ample is a simple discounted cash flow (DCF) model with the appropriate
resulting NPV. Suppose this is the user’s own spreadsheet that requires ad-
ditional real options analysis. To perform a real options analysis on this ex-
isting model, launch the real options functions by clicking on Start,
Programs, Crystal Ball, Real Options Analysis Toolkit, and select Functions
(Figure 2.42). A splash screen will appear, indicating that the functions have
been loaded into Excel.

Select cell D49 in the spreadsheet and click on Excel’s paste function
icon on the taskbar (Figure 2.43). Then, select the Financial category and
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FIGURE 2.39 Custom Lattice with calculated pricing lattice and valuation lattice.
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FIGURE 2.40 Location of the Real Options Analysis Toolkit software’s 
example simulation model.

FIGURE 2.41 Sample simulation model.

FIGURE 2.42 Location of the Real Options Analysis Toolkit software’s functions.



scroll down the functions list until you come to the section that starts with
the prefix RO (Figure 2.44). The functions with RO prefixes indicate the
real options analysis functions that were loaded into Excel. Selecting any
function on the list also provides a brief description of the function. Select
the ROBlackScholesCall function and click OK.

The function arguments dialog box appears (Figure 2.45). You can now
use the real options analysis function as you would any Excel function.
Enter in the cell reference (H9) for the asset value, link the function to a cell
(H10) for the cost value, or simply type the value in directly. When all the
inputs are entered, and assuming the inputs are relevant, the results are in-
dicated at the bottom of the dialog box. For example, the result is $212.01.
Incorrect or irrelevant inputs will not yield an answer. Click OK and the re-
sult will be pasted into the existing Excel spreadsheet.

Note that for the expert user, the equation can be entered in directly;
that is, in cell D49, the user can type (without spaces) the following and ob-
tain the same $212.01 result:

=ROBlackScholesCall(H9,H10,5,D10,0.5)

The Real Options Analysis Toolkit Software Function Description for Excel
in Chapter 9 lists all the models and corresponding input variables for all the
real options analysis functions that are available.
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FIGURE 2.43 Excel’s paste function icon.

FIGURE 2.44 Microsoft Excel’s insert function dialog box.



Because the functions loaded are completely compatible with Microsoft
Excel, the user can now perform Monte Carlo simulation or optimization
using Crystal Ball. The simulation spreadsheet (Figure 2.46) used already
has distributional assumptions assigned. However, the real options analysis
function we pasted needs to be defined as a forecast. Select cell D49 with the
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FIGURE 2.45 Microsoft Excel’s function arguments dialog box 
for the Black-Scholes model.

FIGURE 2.46 Simulation example complete with defined assumptions and forecast.



option value and click on Define Forecast in the Crystal Ball toolbar. Pro-
vide a relevant name and units for the forecast and click OK (Figure 2.47).
Then, click the RUN icon to initiate the simulation process. When the sim-
ulation is complete, the forecast chart in Figure 2.48 will be presented. The
same interpretation applicable to any simulation result is also applicable
here for real options.
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FIGURE 2.47 Defining a forecast on the calculated option value.

FIGURE 2.48 Forecast chart result of the option value.
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CHAPTER 3
Framing Real Options

This chapter illustrates the simple stepwise procedures used in setting up
and solving a real options problem. The analysis domain taken applies

revenue forecasts and discounted cash flow (DCF) models, Monte Carlo
simulation, real options analysis, resource allocation and portfolio opti-
mization, and, finally, feedback modeling. The goals of the analysis are effi-
cient portfolio management and continuous improvement of decisions over
time (Figure 3.1).

The steps undertaken follow those illustrated in my previous book, Real
Options Analysis, and are redefined in Figure 3.2. The decision analysis

Option Analysis

Monte Carlo
Simulation

Feedback
Modeling

Revenue
Forecast

DCF Model

Portfolio
Resource
Allocation

FIGURE 3.1 The analysis domain of real options.



process is somewhat comprehensive and in the subsequent discussions, each
step is broken down into substeps with examples from different industries
and applications.

STEP 1: QUALIFY LIST OF PROJECTS 
AND STRATEGIES

In the first step, the analyst starts off with a list of qualified projects, that is,
projects that have been through qualitative screening by management. Hav-
ing met preset criteria, whether they are strategic visions or goals of the com-
pany, these are the projects that need to be analyzed. These projects may of
course be different courses of actions, initiatives, or strategies. Here, man-
agement must understand the forces that drive their business decisions. Fig-
ure 3.3 shows an example of some forces that drive decision analysis in the
energy sector, including growth in demand, heightened competition, volatile
prices and supplies, and industry consolidation.
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Period 

Starting (t)

First Cash Flow 

(t + 3)

Discounted Value of 

Future Cash Flows

Discounted Value of the 

Costs to Invest

DCF Value

Interest Rate 

(monthly basis)

Opportunity Cost

Phase II Options

Retirement
13 296,916 9,851,788 6,086,684 3,765,104 0.949% 0.87%

Personal Financials
13 158,350 4,741,612 4,869,348 -127,735 0.949% 0.87%

Private Loans
19 132,757 3,246,855 5,921,771 -2,674,916 0.949% 0.87%

Academic Loans
19 146,850 3,715,300 4,288,179 -572,878 0.949% 0.87%

Standard 

Deviation of 

Actualized 

Cash Flows

Optimal Exercise 

Value of the 

"Discounted Value 

of the Costs to 

Invest"

Option Value at t Option Value at t = 0

Actualized 

CF

Flexibility 

Parameter

Decision To Invest

Phase II Options

Retirement
2.50% 7,688,130 4,765,104

4,130,101
9,851,788 1.263

Execute Investment

Personal Financials
2.50% 6,150,504 2,367,444

2,324,992
4,741,612 1.263

Wait to Invest

Private Loans
2.50% 7,479,826 28,357

23,699
3,246,855 1.263

Wait to Invest

Academic Loans
2.50% 5,416,426 1,184,685

1,154,349
3,715,300 1.263

Wait to Invest

7,633,140Total Option Value at t=0
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FIGURE 3.2 Decisions analysis process—procedure summary.



Having gone through this exercise, management may decide on projects
and strategies that strengthen their competitive positioning, hedging down-
side price drops, or they may cut costs to compensate for narrowing margins
or engage in mergers and acquisition. The projects and strategies that have
been found to support management’s goals, the firm’s mission, or short-term
tactical advantage will be qualified and allowed to proceed to the next step.

STEP 2: FORECAST BASE-CASE VARIABLES 
FOR EACH PROJECT

For each of these strategies or projects, the base-case net present value
(NPV) analysis is performed, as indicated in steps two and three. This analy-
sis could be done in terms of the market, income, or cost approach, using
something akin to a DCF model. In certain circumstances, the analyst may
elect to perform some intermediate steps such as time-series forecasting and
simulation to predict future revenue and cost streams. Depending on the
availability of historical data, some fancy econometric, forecasting, regres-
sion, time-series, cross-sectional, or stochastic model may be constructed 
for this purpose. Table 3.1 shows an example applying Crystal Ball Predic-
tor to assist in the forecasting of revenues given historical data. The result-
ing revenue forecasts account for seasonality effects and the software
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FIGURE 3.3 Forces driving change in the energy sector.



automatically inserts probability distributions around the future forecast
values. See Chapter 7 for details.

STEP 3: CREATE STATIC DCF MODELS 
FOR EACH CASE

These initial steps encapsulate the traditional approach. Using the revenues
and cost structures coupled with conventional accounting principles, the an-
alyst would then calculate the NPV of the projects or strategies. Occasion-
ally, other financial metrics may be used, such as an internal rate of return
(IRR) or some form of return on investment (ROI) measure. In most cases,
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TABLE 3.1 Time-Series Forecasting

Historical Data Forecast

Date Revenues Date Revenues

Q1 1997 30 Q1 2003 202.27
Q2 1997 35 Q2 2003 210.25
Q3 1997 42 Q3 2003 217.26
Q4 1997 49 Q4 2003 230.30
Q1 1998 50 Q1 2004 231.80
Q2 1998 57 Q2 2004 239.86
Q3 1998 63 Q3 2004 246.81
Q4 1998 72 Q4 2004 260.60
Q1 1999 80 Q1 2005 261.33
Q2 1999 85 Q2 2005 269.47
Q3 1999 92 Q3 2005 276.37
Q4 1999 112 Q4 2005 290.90
Q1 2000 120 Q1 2006 290.85
Q2 2000 135 Q2 2006 299.08
Q3 2000 144 Q3 2006 305.93
Q4 2000 156 Q4 2006 321.20
Q1 2001 153 Q1 2007 320.38
Q2 2001 166 Q2 2007 328.69
Q3 2001 178 Q3 2007 335.48
Q4 2001 180 Q4 2007 351.50
Q1 2002 178
Q2 2002 185
Q3 2002 190
Q4 2002 200

Note: Periodicity is quarterly and seasonality is four.



a decision will be made based on these deterministic results. Figure 3.4
shows a simplified DCF model.

Obviously, more complex models can also be built, where the analyst
may create multiple work sheets to estimate the volume and prices for dif-
ferent product lines for this strategy, and link the results into this DCF
model. These different product lines may be correlated to one another or
cannibalize each other’s market share. In addition, the price and quantity es-
timated may be negatively correlated, following an elastic demand curve.
The direct and indirect operating costs of these product lines may also fol-
low a U-shaped average total cost curve over time, to account for diminish-
ing marginal returns, and so on. Suffice it to say, the analyst can create a
very simple model or a highly sophisticated model for this DCF analysis. Ei-
ther way, the process integrity is kept.

STEP 4: MONTE CARLO SIMULATION—DCF
OUTPUTS BECOME REAL OPTIONS INPUTS

In more advanced financial analysis, a highly recommended step for the real
options approach is the application of Monte Carlo simulation. Based on
some sensitivity analysis, the analyst decides which input variables to the
DCF model previously constructed are most vulnerable to risks and sudden
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Discount Rate (Cash Flow) 15.00% Present Value (Cash Flow) $1,265.09
Discount Rate (Impl. Cost) 5.00% Present Value (Impl. Cost) ($865.90)
Tax Rate 10.00% Net Present Value $399.20

Input Parameters Results

$860.08 $979.07 $1,098.06 $1,217.06 $1,336.05
$51.60 $97.91 $197.65 $316.43 $467.62
$86.01 $97.91 $109.81 $121.71 $133.60
$43.00 $48.95 $164.71 $182.56 $200.41

$679.46 $734.30 $625.90 $596.36 $534.42
$135.89 $146.86 $125.18 $119.27 $106.88

$10.00 $10.00 $10.00 $10.00 $10.00
$100.00 $100.00 $100.00 $100.00 $100.00
$433.57 $477.44 $390.72 $367.09 $317.54

$43.36 $47.74 $39.07 $36.71 $31.75
$390.21 $429.70 $351.65 $330.38 $285.78

$4.30 $4.90 $16.47 $18.26 $20.04
$394.51 $434.59 $368.12 $348.63 $305.82

($200.00) ($200.00) ($200.00) ($200.00) ($200.00)

Year 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7
Revenue
Adjustment to Revenue
Cost of Revenue
Royalties Paid
Gross Profit
Operating Expenses
Depreciation Expense
Interest Expense
Income Before Taxes
Taxes
Income After Taxes
Non-Cash Expenses
Cash Flow
Implementation Cost

Simple Discounted Cash Flow Model

FIGURE 3.4 A Simple DCF model.



exogenous and systemic shocks. A powerful tool for calculating static sensi-
tivities is the use of a Tornado Diagram in Crystal Ball, as seen in Figure 3.5.

Using historical data, the analyst can take the time-series or cross-
sectional data and fit them to a multitude of different distributions, for those
variables that have been found to be stochastic and uncertain, and, at the
same time, the resulting NPV or IRR are highly sensitive to, based on the
Tornado analysis. The analyst may also opt to use management assump-
tions, hunches, experience, or economic behaviors of variables to make the
distributional determination of these so-called Critical Success Factors. The
DCF model is then simulated. The result is a distribution of the variable of
interest, for example, the NPV. Instead of obtaining single-point estimates,
the analyst now has a probability distribution of outcomes, indicating with
what probabilities certain outcomes will most likely occur. Based on this
Monte Carlo simulation, certain intrinsic variables key to the real options
analysis are calculated and imported into the real options analysis. These key
variables that flow out of the simulation procedures include the volatility of
the underlying variable, typically the lognormal returns on the future free
cash flows; the implied cross-correlation pairs between the underlying proj-
ects; and the expected present value of cash flows. Figure 3.6 illustrates a
simulated DCF model using Crystal Ball Professional. Notice that a multi-
tude of tweaks can be applied here. The analyst may wish to account for
multiple stochastic variables and influences. For example, competitive ef-
fects, cannibalization from other products, and market saturation effects
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FIGURE 3.5 Sample Tornado Diagram.



(product lifecycle) all can be stochastically accounted for in the model. In
contrast, more advanced stochastic uncertainties can be modeled through
the use of interacting and correlated stochastic processes. To illustrate, sup-
pose the project under consideration is a utility power plant. The revenues
generated are simply the multiplication of prices and quantity demanded.
However, prices may be modeled after a mean-reversion with Poisson jump-
diffusion stochastic process, while quantity demanded may be modeled as an
impulse-response function process, but negatively correlated to the price of
electricity. This negative correlation only holds for a particular price trench
when the price elasticity of demand is highly elastic, but drops off at a lower
price level (Figure 3.6).

These interacting stochastic processes and variables should not be mod-
eled separately in a real options approach but modeled together, flowing
into and through a DCF model. The DCF model will filter out all the inter-
acting relationships, causalities, correlations, and co-movements among
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Discount Rate (Cash Flow) 15.00% Present Value (Cash Flow) $1,265.09
Discount Rate (Impl. Cost) 5.00% Present Value (Impl. Cost) ($865.90)
Tax Rate 10.00% Net Present Value $399.20

Input Parameters Results

$860.08 $979.07 $1,098.06 $1,217.06 $1,336.05
$51.60 $97.91 $197.65 $316.43 $467.62
$86.01 $97.91 $109.81 $121.71 $133.60
$43.00 $48.95 $164.71 $182.56 $200.41

$679.46 $734.30 $625.90 $596.36 $534.42
$135.89 $146.86 $125.18 $119.27 $106.88

$10.00 $10.00 $10.00 $10.00 $10.00
$100.00 $100.00 $100.00 $100.00 $100.00
$433.57 $477.44 $390.72 $367.09 $317.54

$43.36 $47.74 $39.07 $36.71 $31.75
$390.21 $429.70 $351.65 $330.38 $285.78

$4.30 $4.90 $16.47 $18.26 $20.04
$394.51 $434.59 $368.12 $348.63 $305.82

($200.00) ($200.00) ($200.00) ($200.00) ($200.00)

Year 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7
Revenue
Adjustment to Revenue
Cost of Revenue
Royalties Paid
Gross Profit
Operating Expenses
Depreciation Expense
Interest Expense
Income Before Taxes
Taxes
Income After Taxes
Non-Cash Expenses
Cash Flow
Implementation Cost

Adjustment to Revenue: 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7
Competitive Effects 1.00% 2.00% 3.00% 4.00% 5.00%
Cannibalization Effects 5.00% 8.00% 10.00% 12.00% 15.00%
Market Saturation 0.00% 0.00% 5.00% 10.00% 15.00%

Volatility Measure:
Logarithmic Returns 0.0968 -0.1660 -0.0544 -0.1310
Volatility 11.67%

Monte Carlo Simulation

FIGURE 3.6 Applying Monte Carlo simulation on a DCF model.



variables. Otherwise, modeling these stochastic variables in real options lat-
tices will yield mathematically intractable models—each stochastic variable
will now have its own binomial lattice, and modeling n stochastic variables
will yield a 2n-nomial. For instance, modeling 2 stochastic variables will yield
a quadranomial with 4 branches on a lattice at each node, and 5 variables a
32-branch multinomial lattice! The mathematical complexity involved in cal-
culating a 32-branch multinomial lattice is staggering and should not be at-
tempted. In contrast, the analyst can model in as many stochastic variables as
he or she chooses in the DCF using Monte Carlo simulation, watch how they
interact with each other through the DCF, and capture the resulting cash-
flow stream as input into the real options modeling paradigm.

STEP 5: FRAMING THE REAL OPTIONS

Now that the DCF models have been created for the projects that survived
an initial management screening process, what next? Which projects should
undergo a real options analysis? Should all projects be scrutinized this
closely? The answer comes in several parts:

Projects that are close to at-the-money or slightly in-the-money or slightly
out-of-the-money will benefit most from a real options analysis.
Projects that are lumped together and hard to separate or prioritize from
a DCF standpoint can benefit greatly from real options analysis.
Projects that face great uncertainty in the future but yet possess an ele-
ment of flexibility to hedge against downsides and capture the upside
premiums can benefit greatly from real options analysis.
Projects that by themselves produce little value but when viewed in their
entirety, accounting for strategic downstream opportunities they create,
can benefit greatly from real options analysis.

One powerful visualization method to observe the “clumping” of proj-
ect valuation is the use of a three-dimensional (3D) option space as shown
in Figure 3.7. The horizontal axis is a measure of a project’s profitability
index (Q-Ratio), that is, the ratio of the sum of present value of future net
cash flows to the sum of the present value of investment or implementation
costs. The former is discounted at a market-risk adjusted discount rate of re-
turn and the latter using the risk-free rate, to account for differences between
market risk and private risks. A Q-Ratio greater than one means that the
NPV is positive and the project is financially feasible and profitable, whereas
a Q-Ratio less than one means the NPV is negative. Break-even projects have
a Q-Ratio of one.
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The vertical axis measures the volatility index, essentially the standard
deviation of the NPV or IRR value after performing Monte Carlo simula-
tion, multiplied by the square root of the project’s maturity in years. The
project’s maturity in years can be calculated either as the amount of time left
to implement the project, or the project’s economic life. Either way, as long
as the calculation is applied consistently across all projects, the volatility
index indicates a project’s uncertainty, adjusted for time. A higher volatility
index implies a higher option value but a potentially risky project. Figure 3.8
illustrates a completed 3D option space matrix.

Projects can then be classified into different regions (invest now, invest
later, and so forth) depending on where they fall in the 3D space as well as
management’s risk and investment preferences. Notice that Figure 3.8 has a
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width (profitability index), height (volatility index), and depth (size of the
circles, indicative of the projects’ relative benefits and costs); hence, the
name 3D option space matrix.

Plotting projects’ profitability and volatility indexes is the first step in
the real options framing exercise. The reason is that projects that are deep
in-the-money should be executed immediately anyway (subject to budget
constraints), and additional analyses are unnecessary. For instance, spending
$1 million to make $100 million guaranteed is a “no-brainer” and should be
implemented immediately. All the real options analysis in the world will not
yield any more significant value. Conversely, deep out-of-the-money projects
should not compel the analyst to perform any more in-depth analyses using
real options as the project is so unprofitable, all the uncertainties and strate-
gic options in the world are useless in justifying its existence. However, proj-
ects that are close to at-the-money or slightly in-the-money or slightly
out-of-the-money should be considered for real options analytics. This deci-
sion is so, especially in the case where projects tend to clump or cluster to-
gether, making it difficult to distinguish which projects ought to be selected.
This clustering together is where the 3D option space matrix provides valu-
able insights into which projects ought to undergo more real options
scrutiny. In addition, the real options value tables, implied volatility tables,
and dividend impact tables in Chapter 10 will help the analyst identify, at
least as a first pass, projects that have significant strategic value.

The next step is to thoroughly understand your project and the strate-
gic benefits it creates, as well as the inherent flexibilities. For instance, Fig-
ures 3.9 and 3.10 show the existence of several types of strategic real options
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Flexibility Options:
Creating enhanced capabilities for customers

and reducing staffing bottlenecks:
- 35% reduction in call volume

- 25% reduction in sales workload
- Over 60% of products directly supplied

1994

Value
Creation

1998 2002 2006 2010 20141990

Order Status

Order
Entry

Direct Fulfillment

Configuration

Self-serve

Scalability Options:
100% annual growth rate supported by

virtual manufacturing, enabled by IP
infrastructure – alternative

infrastructures would have supported no
more than 35% annual growth

Growth Options:
IP-based infrastructure immediately
allowed focus on content rather than

connectivity – leveraging the
network effect – and yielding 50%
reduction in application cycle time

FIGURE 3.9 Strategic real options for an intellectual property (IP) infrastructure.



inherent in an intellectual property infrastructure project, as well as the pro-
jected benefits based on a timescale. Framing these strategic options include
the identification of real strategic flexibilities and options for a project and
categorizing them into different groups of options.

As another example, Figure 3.11 shows the types of real options that
exist in a pharmacology research and development (R&D) project.

On occasion, strategy trees are an invaluable tool in framing the time-
dependent options that exist in a project. The use of strategy trees is espe-
cially important in the R&D world, where the existence of multiple phases
is commonplace. For example, Figure 3.12 shows a simple two-stage R&D
process, where the second stage depends on the success of the first stage, cre-
ating a sequential compound option. (See the examples of sequential com-
pound options in later chapters of this book to learn how to solve the
option.)

Figures 3.13 and 3.14 illustrate more complex R&D cases, where there
are multiple stages in the R&D process. In pharmaceutical R&D, there are
usually three phases in the R&D process, prior to FDA approval and mar-
ket launch. In other high-tech industries, the R&D process follows a stage-
gate process, with multiple stages. In the more complex sequential
compound options world, at certain stages, different options may emerge;
for instance, the project can only be abandoned after the first phase, or con-
tracted starting the second phase (sufficient intellectual property has been
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FIGURE 3.10 Timescale of an infrastructure investment real option.



developed only after the first two stages such that the company can license
off its patent rights, etc.), or at a certain phase, the technology is mature
enough such that it can be spun off into other ancillary products, thereby
creating additional value to the existing project.

On occasion, strategy trees look similar to decision trees where proba-
bilities of occurrence are created, as in Figure 3.15. Recall from my previous
book, Real Options Analysis, that decision trees are a valuable tool, useful
in setting up and visualizing real options strategies but cannot and should
not be used to value real options projects. This restriction is due to the 
subjective probability estimates required on each branch of a tree, as well as 
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FIGURE 3.11 Framing real options in pharmacology.

Timing
Delaying a product launch and major investment until more is learned about
the strength of demand. It may be that the risk avoided by waiting to invest
has greater value than the sales that might be forfeited by postponing.

Growth
Initial investment to build a manufacturing and sales facility in a foreign
country for the new product produced through this new technology may lead
to an opportunity to sell the entire firm’s range of products through an es-
tablished sales network. The investment would thus create growth options
that have value above and beyond the returns generated by the initial recom-
binant insulin operation.

Phases
If the firm decides that its portfolio management and review process should
include options analysis, you can stage the investment to allow options for
continuing, delaying, or abandoning.

Exit and Abandonment
Early drug development holds numerous options to abandon if the com-
pound does not look to be successful. The exit option increases the value of
the project because it reduces the size of the investment at risk.

Learning
Before the firm launches its new drug advertising campaign across the United
States, you release ads on a limited number of markets in select cities and
then refine the marketing plans based on what is learned.

Expansion
Launch the injectable drug preparation to preserve dominant position in the
marketplace while an inhalable drug preparation completes the final stages
of development.
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START

PHASE I

PHASE II

END

END

INVESTMENT
PERIOD

CASH FLOW
PERIOD

At the end of Phase I, the
firm has the option either to
continue on to Phase II
or not.  As an example,
suppose Phase II is the 
actual development phase
and Phase I is the market
research phase.
What is the value of
information given an
uncertainty in the
technology?  How much
would you be willing to pay
to obtain the information?

START -$5M -$80M +$30M +$35M +$40M +$48M

FIGURE 3.12 Simple two-stage R&D real options process.
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PHASE I

PHASE II

END

END

PHASE III

END

ABANDON

CONTRACT

ABANDON

An NPV analysis cannot account for these 
options to make midcourse corrections over 
time, when uncertainty becomes resolved.

In reality, an R&D project will yield intellectual 
property and patent rights that the firm can 
easily license off (Abandon).  In addition, at any 
phase, the project’s development can be slowed 
down (Contract) or accelerated (Expand) 
depending on the outcome of each phase.

FIGURE 3.13 Complex multiple-stage process.



52

START

PHASE I

PHASE II

END

END

PHASE III

END

CONTRACT

ABANDON END

PHASE I
TECH B
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PHASE I
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The new technology will yield a 
potential 15% increase in projected 
revenues if implemented.  However, 
Technology B can be applied only after 
the success of Phase II’s R&D efforts.

Another potential issue is synergy.
Even if the development of the current
technology is unsuccessful, the knowledge 
and insights gained may be applicable 
to some other product (Technology B).

FIGURE 3.14 Complex customized R&D options.
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FIGURE 3.15 Strategy tree with probabilities in oil and gas.



different market risk-adjusted discount rates required on each node of the
tree. The errors in estimation compound significantly and the resulting ex-
pected value calculated will be in error.

Instead, if probabilities of success are required in the analysis, rather
than making subjective guesses and scenarios (high, medium, and low esti-
mates in the market) as seen in the upper decision tree in Figure 3.15, these
subjective guesses should be collapsed into distributions of outcomes using
Monte Carlo simulation and applied in the DCF models. For instance, use a
Triangular distribution on the revenues and run 10,000 simulation trials—
this provides a higher level of accuracy as simulation run in this instance is
simply recreating 10,000 scenarios based on these probabilities as opposed
to running only 3 scenarios. In addition, any number of other probabilistic
or stochastic variables can also be modeled and their interactions, co-
movements, or correlations can also be modeled easily, using Monte Carlo
simulation (see the lower decision tree in Figure 3.15).

After identifying the real options in each project, the dynamics of the un-
certainty and corresponding flexibility inherent in the projects should be de-
termined. For example, Figure 3.16 shows the application of a feedback
loop to model the qualitative and quantitative critical success drivers and un-
certainty drivers in the project. Using techniques such as feedback loops and
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FIGURE 3.16 Feedback loops and influence diagrams.



influence diagrams (similar to feedback loops but the influence of uncer-
tainty does not loop back to itself over time), the required uncertainties can
be determined and modeled back into the DCF. Based on this approach, all
relevant data can then be collected, estimated, or simulated in the model.

STEP 6: OPTIONS ANALYTICS, SIMULATION, 
AND OPTIMIZATION

The next step is to apply the options analytics based on the real options
framed. The remainder of this book focuses primarily on solving the differ-
ent types of real options analytically as well as using the Real Options
Analysis Toolkit software. Refer to the relevant sections for the real options
you are attempting to solve.

Once the real options analysis is performed, the 3D option space can
then be revisited. For instance, Figure 3.17 shows the effects of having real
options in different projects, and how their strategic positions have changed.

If multiple projects exist, the options analysis can be further enhanced
using portfolio resource optimization. Figure 3.18 shows the use of Crystal
Ball’s OptQuest software to perform stochastic optimization (stochastic op-
timization refers to an optimization process where the uncertainties are first
simulated thousands of times using Monte Carlo simulation, and the outputs
are then optimized, then the whole process is repeated hundreds of times).
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Optimization is used to efficiently allocate resources across multiple projects
subject to resource and budget constraints, where the best combination of
projects that maximizes returns and minimizes risks can be ascertained. In
addition, a predefined probability of success can also be imputed into the
optimization process, as a requirement of the final allocation. Other uses of
optimization includes finding the optimal royalty rates paid on some intel-
lectual property, or to select a portfolio of say 15 projects from a list of 500
initial projects.

STEP 7: REPORTS, PRESENTATIONS, 
AND UPDATE ANALYSIS

The final results are then presented to management. See Real Options
Analysis for detailed examples on the questions management most fre-
quently ask as well as the approaches to broach a potentially complex sub-
ject to management in an expositionally easy way. Finally, after all is said
and done, the real options value is the value of strategic flexibility in an un-
certain world, (otherwise, if everything is certain, uncertainty and hence
volatility reverts to zero, and real options value approaches zero, making the
DCF approach a special case of the real options analysis) and when uncer-
tainty becomes resolved over time, management can capture upside swings
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FIGURE 3.18 Portfolio and resource optimization.



or limit downside crashes through real options hedging by executing a proj-
ect’s flexibility. Hence, when uncertainty becomes resolved through the pas-
sage of time, the real options analysis needs to be updated and revisited with 
new information. Real options analysis assumes a continued improvement
and continued monitoring of strategic projects, and as such, update analysis
is required.
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CHAPTER 4
The Basics of 

Financial Modeling

FINANCIAL ANALYSIS

The most common approach in financial analysis is the use of discounted cash
flow (DCF) analysis. In using DCF analysis, several conventions require con-
sideration: continuous versus periodic discrete discounting, midyear versus end-
of-year convention, and beginning-of-period versus end-of-period discounting.

Continuous Versus Periodic Discrete Discounting

The discounting convention is important when performing a DCF analysis.
Using the same compounding period principle, future cash flows can be dis-
counted using the effective annualized discount rate. The same applies to
compounding present values to future values. For instance, suppose an an-
nualized discount rate of 30 percent is used on a $100 cash flow. Depend-
ing on the compounding periodicity, the calculated present value and future
value differ (Table 4.1).

To illustrate this point further, a $100 deposit in a 30 percent interest-
bearing account will yield $130 at the end of one year if the interest

TABLE 4.1 Future and Present Value Table with Different Compounding and
Discounting Periodicities

Periods/ Effective Interest Future Value Present Value
Periodicity Year (%) ($) ($)

Annual 1 30.00 130.00 76.92
Quarterly 4 33.55 133.55 74.88
Monthly 12 34.49 134.49 74.36
Daily 365 34.97 134.97 74.09
Continuous 34.99 134.99 74.08



compounds once a year. However, if interest is compounded quarterly, the
deposit value increases to $133.55 due to the additional interest-on-interest
compounding effects. For instance:

Value at the end of the first quarter = $100.00(1 + 0.30/4)1 = $107.50
Value at the end of the second quarter = $107.50(1 + 0.30/4)1 = $115.56
Value at the end of the third quarter = $115.56(1 + 0.30/4)1 = $124.23
Value at the end of the fourth quarter = $124.23(1 + 0.30/4)1 = $133.55

That is, the annualized discount rate for different compounding periods is its
effective annualized rate, calculated as

For the quarterly compounding interest rate, the effective annualized rate is

Applying this rate for the year, we have $100(1 + 0.3355) = $133.55.
This analysis can be extended for monthly, daily, or any other periodic-

ities. In addition, if the interest rate is assumed to be continuously com-
pounding, the continuous effective annualized rate should be used, where

For instance, the 30 percent interest rate compounded continuously yields
e0.3 – 1 = 34.99%. Notice that as the number of compounding periods in-
creases, the effective interest rate increases until it approaches the limit of
continuous compounding.

The annually, quarterly, monthly, and daily compounding is termed
discrete periodic discounting, as compared to the continuous-compounding
approach using the exponential function. In summary, the higher the num-
ber of compounding periods, the higher the future value and the lower the
present value of a cash flow payment. When applied to DCF analysis, if the
discount rate calculated using a weighted average cost of capital (WACC) 
is continuously compounding (e.g., interest payments and cost of capital are
continuously compounding), then the net present value (NPV) calculated
may be overoptimistic if discounted discretely.
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End-of-Year Versus Midyear Convention

In the conventional DCF approach, cash flows occurring in the future are dis-
counted back to the present value and summed, to obtain the NPV of a proj-
ect. These cash flows are usually attached to a particular period in the future,
measured usually in years, quarters, or months. The time line in Figure 4.1 il-
lustrates a sample series of cash flows over the next 5 years, with an assumed
20 percent discount rate. Because the cash flows are attached to an annual time
line, they are usually assumed to occur at the end of each year, that is, $500 will
be recognized at the end of the first full year, $600 at the end of the second year,
and so forth. This situation is termed the full-year discounting convention.
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Time
Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

Investment = –$1,000 FCF5 = $900FCF4 = $800FCF3 = $700FCF2 = $600FCF1 = $500

WACC = 20 percent

FIGURE 4.1 Cash-flow stream.

However, under usual business conditions, cash flows tend to accrue
throughout the entire year and do not arrive in a single lump sum at the end
of the year. In this case, the midyear convention should be applied, that is,
the $500 cash flow gets accrued over the entire first year and should be dis-
counted at 0.5 years, rather than 1.0 years. Using this midpoint approach as-
sumes that the $500 cash flow comes in equally over the entire year.

End-of-Period Versus Beginning-of-Period Discounting

Another approach to consider is to forecast cash flows with more granular
periodicities, that is, instead of using annual cash flows, use forecast cash
flows based on quarterly or monthly periods. In addition, discounting may
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also involve the use of end-of-period versus beginning-of-period discounting.
Suppose the cash-flow series are generated on a time line such as the one
shown in Figure 4.2. Further assume that the valuation date is January 1,
2002. The $500 cash flow can occur either at the beginning of the first year
(January 1, 2003) or at the end of the first year (December 31, 2003). The
former requires the discounting of one year; the latter, the discounting of
two years. If the cash flows are assumed to roll in equally over the year (that
is, from January 1, 2002 to January 1, 2003), the discounting should be for
only 0.5 years.

In retrospect, suppose that the valuation date is December 31, 2002, and
the cash-flow series occurs at January 1, 2003 or December 31, 2003. The
former requires no discounting, while the latter requires a 1-year discount-
ing using an end-of-year discounting convention. In the midyear convention,
the cash flow occurring on December 31, 2003, should be discounted at 0.5
years. Therefore, it is clear from these illustrations that the discounting con-
vention is important, as are the forecast dates of each cash-flow occurrence.

Exercise: DCF Model

Open the Excel file Workbook Exercise (DCF Model).xls from the enclosed
CD-ROM. Using the discrete and continuous discounting conventions, and
assuming a 20 percent discount rate, calculate the present value of cash
flows and NPV of the following cash flows, and complete the analysis.
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Year 2002 Year 2003 Year 2004 Year 2005

WACC = 20 percent

Time

Investment = –$1,000 FCF3 = $700FCF2 = $600FCF1 = $500

FIGURE 4.2 Cash-flow stream for 3 years.

Discount Rate 20%

Year
Revenues
Operating Expenses
Net Income
Investment Costs
Free Cash Flow
Present Value of Cash Flow
Net Present Value

2002 2003 2004 2005 2006 2007
$400
$40

$360

$360

$300
$30

$270

$270

$200
$20

$180

$180

$100
$10
$90

$90

$500
$50

$450

$450
($450)
($450)

Discrete Discounting

Discounted Cash Flow Analysis



MONTE CARLO SIMULATION

Simulation is any analytical method that is meant to imitate a real-life sys-
tem, especially when other analyses are too mathematically complex or too
difficult to reproduce. Spreadsheet risk analysis uses both a spreadsheet
model and simulation to analyze the effect of varying inputs based on out-
puts of the modeled system. One type of spreadsheet simulation is Monte
Carlo simulation, which randomly generates values for uncertain variables
over and over to simulate a real-life model, based on some predefined prob-
ability distributions.

A simulation calculates numerous scenarios of a model by repeatedly
picking values from the probability distribution for the uncertain variables
and using those values for the event. As all those scenarios produce associ-
ated results, each scenario can have a forecast. Forecasts are events (usually
with formulas or functions) that you define as important outputs of the
model, such as totals, net profit, or gross expenses. The following exercises
provide the reader instructions for creating and running Monte Carlo simu-
lations using Excel to simulate a stock price path, as well as instructions for
using Decisioneering, Inc.’s Crystal Ball Monte Carlo simulation software to
perform risk analysis on a DCF model.

Exercise: Simulation I (Simulating a DCF Model)

Open the Excel file Workbook Exercise (Simulation I).xls from the enclosed
CD-ROM. Using the spreadsheet, create a DCF model and calculate the pres-
ent value of cash flows, present value of implementation costs, and the NPV.
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Year
Revenues
Operating Expenses
Net Income
Investment Costs
Free Cash Flow
Present Value of Cash Flow
Net Present Value

2002 2003 2004 2005 2006 2007
$400
$40

$360

$360

$300
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$270
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$180

$180
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$450
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Continuous Discounting



Use these assumptions in the model:

Discount Rate for cash flows is 15 percent
Discount Rate for implementation cost is 7 percent
Tax Rate is 40 percent
Revenue in 2002 is $100, growing $100 every year
Cost of Revenue is fixed at 25 percent of revenues
Operating Expense is fixed at 10 percent of revenues
Depreciation Expense is fixed at 50 percent of operating expenses
Interest Expense is fixed at 5 percent of revenues
Non-Cash Expense is fixed at $10 every year
Implementation Cost is $20 in 2002, growing $20 every year after that

Now add Monte Carlo simulation using Crystal Ball. Define these assump-
tions: Discount Rate of cash flows follows a normal distribution with a
mean of 15 percent and a standard deviation of 1.5 percent; and Revenue
follows a uniform distribution with a ±10 percent from the mean revenue
provided previously (i.e., year 2002’s revenues follow $90 minimum and
$110 maximum values using a uniform distribution). Define the NPV as the
forecast result and run 1,000 simulation trials.
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Monte Carlo Simulation

Discount Rate (Cash Flow)
Discount Rate (Impl. Cost)
Tax Rate

Present Value (Cash Flow)
Present Value (Impl. Cost)
Net Present Value

2002 2003 2004 2005 2006
Revenue
Cost of Revenue
Gross Profit
Operating Expenses
Depreciation Expense
Interest Expense
Income Before Taxes
Taxes
Income After Taxes
Non-Cash Expenses
Cash Flow

Implementation Cost

Input Parameters Results



Exercise: Simulation II (Simulating a Stock Price Path)

Another use of Monte Carlo simulation is forecasting a stochastic process,
for example, a stock price path. Open the Excel file Workbook Exercise
(Simulation II).xls from the enclosed CD-ROM. Assuming a 100 percent an-
nualized stock-return volatility, 8 percent mean growth returns, and a $100
starting stock price, simulate a stock price path for the period of January 1,
2001 to April 30, 2001, on a weekly basis, using a Geometric Brownian Mo-
tion stochastic process. Recreate this following analysis. Remember to press
the F9 function key repeatedly to simulate different price paths. See Real
Options Analysis for details on Geometric Brownian Motions.
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Simulated Stock Price Path

100.00% 8.00% $100.00 13.87%

Simulate

Stock returns
annualized
volatility

Annualized
mean growth

of returns

Starting
stock price
at time 0

Calculated
periodic
volatility

Date Value
01-Jan-01
08-Jan-01
15-Jan-01
22-Jan-01
29-Jan-01
05-Feb-01
12-Feb-01
19-Feb-01
26-Feb-01
05-Mar-01
12-Mar-01
19-Mar-01
26-Mar-01
02-Apr-01
09-Apr-01
16-Apr-01
23-Apr-01
30-Apr-01

$100.00
$107.11
$118.44
$126.28
$159.98
$176.60
$169.40
$170.52
$158.77
$118.24
$128.71
$103.73

$95.29
$90.16
$92.41

$118.16
$91.77

$113.60

$350

$300

$250

$200

$150

$100

$50

$0

0.5014
0.7518
0.4664
1.9135
0.7381

-0.7137
0.4923

-0.5082
-1.8518
0.6272

-1.4103
-0.5980
-0.3994
0.1685
1.9986

-1.6219
1.7050



VOLATILITY ESTIMATES

Probably one of the most difficult input parameters to estimate in a real op-
tions analysis is the volatility of cash flows. A review is presented of several
methods used to calculate volatility, together with a discussion of their po-
tential advantages and shortcomings.

Logarithmic Cash-Flow Returns Approach

The logarithmic cash-flow returns approach calculates the volatility using
the individual future cash-flow estimates and their corresponding logarith-
mic returns, as illustrated in Table 4.2. Starting with a series of forecast fu-
ture cash flows, convert them into relative returns. Then take the natural
logarithms of these relative returns. The standard deviation of these natural
logarithm returns is the volatility of the cash-flow series used in a real op-
tions analysis. Notice that the number of returns is one less than the total
number of periods. That is, for time periods 0 to 5, we have six cash flows
but only five cash-flow returns (Table 4.2).
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TABLE 4.2 Logarithmic Cash Flow

Time Cash Natural Logarithm of
Period Flows Cash-Flow Relative Returns Cash-Flow Returns (X)

0 $100 — —
1 $125 $125/$100 = 1.25 ln($125/$100) = 0.2231
2 $ 95 $ 95/$125 = 0.76 ln($ 95/$125) = –0.2744
3 $105 $105/$ 95 = 1.11 ln($105/$ 95) = 0.1001
4 $155 $155/$105 = 1.48 ln($155/$105) = 0.3895
5 $146 $146/$155 = 0.94 ln($146/$155) = –0.0598

The volatility estimate is then calculated as

where n is the number of X’s, and x– is the average X value. Clearly there are
advantages and shortcomings to this simple approach. This method is very
easy to implement, and Monte Carlo simulation is not required in order to
obtain a single-point volatility estimate. This approach is mathematically
valid and is widely used in estimating volatility of financial assets. However,
for real options analysis, there are several caveats that deserve closer atten-
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tion, including when cash flows are negative over certain time periods. That
is, the relative returns will be a negative value, and the natural logarithm of
a negative value does not exist. Hence, the volatility measure does not fully
capture the possible cash-flow downside and may produce erroneous results.
In addition, autocorrelated cash flows (estimated using time-series forecast-
ing techniques) or cash flows following a static growth rate will yield volatil-
ity estimates that are erroneous. Great care should be taken in such
instances. To solve the negative cash flow situation, simply shift the negative
cash flows to positive values. Arithmetic translation of adding values to all
cash flows and making them positive will only shift the expected returns, but
keep constant the second moment or volatility. Finally, initial occurrences of
negative cash flows should be regarded as different phases and analyzed as
staged or phased investments with different volatilities. The same rules apply
to autocorrelated cash flows with periods of positive and negative values.

Monte Carlo simulation can also be used in creating the DCF model
that is used to calculate the cash flows, thereby running thousands of trials
and reducing the risk of obtaining a single erroneous volatility estimate.
Performing a Monte Carlo simulation at the DCF level is highly appropriate
because a distribution of volatilities can be obtained and used as input into
a real options analysis. The results of such an analysis will then yield a fore-
cast distribution of real options values, with its relevant probabilities of oc-
currence, rather than a single-point estimate.

Logarithmic Present-Value Approach

The logarithmic present-value approach collapses all future cash-flow esti-
mates into two sets of present values, one for the first time period and an-
other for the present time. The steps are seen below. The calculations assume
a constant 10 percent discount rate. The cash flows are discounted all the way
to Time 0 and again to Time 1. Then the values are summed, and the fol-
lowing logarithmic ratio is calculated:

where PVCFij is the present value of future cash flows at different time periods
i and j (Table 4.3).

In the example above, X is simply ln($514.31/$567.56) = –0.0985. Using
this X value, perform a Monte Carlo simulation on the DCF model (simulate
the individual cash flows) and obtain the resulting forecast distribution of X.
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The standard deviation of the forecast distribution of X is the volatility esti-
mate used in the real options analysis. It is important to note that only the nu-
merator is simulated while the denominator remains unchanged.

The downside to estimating volatility this way is that the approach re-
quires Monte Carlo simulation, but the calculated volatility measure is a
single-digit estimate, as compared to the logarithmic cash-flow approach,
which yields a distribution of volatilities that will in turn yield a distribution
of calculated real options values. The main objection to using this method is
its dependence on the variability of the discount rate used. For instance, we
can expand the X equation as follows:

where D represents the constant discount rate used. Here, we see that the
cash-flow series CF for the numerator is offset by one period, and the dis-
count factors are also offset by one period. Therefore, by performing a
Monte Carlo simulation on the cash flows alone versus performing a Monte
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TABLE 4.3 Logarithmic Present Value

Time
Period Cash Flows Present Value at Time 0 Present Value at Time 1

0 $100 —

1 $125

2 $ 95

3 $105

4 $155

5 $146

SUM $567.56 $514.31

$100

(1 0.1)
$100.00

$125

(1 0.1)
$113.64

$95

(1 0.1)
$ 78.51

$105

(1 0.1)
$ 78.89

$155

(1 0.1)
$105.87

$146

(1 0.1)
$ 90.65
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(1 0.1)
$125.00
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(1 0.1)
$  86.36

$105

(1 0.1)
$  86.78

$155

(1 0.1)
$116.45
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Carlo simulation on both cash-flow variables as well as the discount rate
will yield very different X values. The main critique of this approach is that
in a real options analysis, the variability in the present value of cash flows is
the key driver of option value and not the variability of discount rates used
in the analysis. Modifications to this method include duplicating the cash
flows and simulating only the numerator cash flows, thereby providing dif-
ferent numerator values but a static denominator value for each simulated
trial, while keeping the discount rate constant. This approach reduces the
measurement risks of autocorrelated cash flows and negative cash flows.

This approach is analogous to stock price simulations where the theo-
retical stock price is the sum of all future dividend cash payments. In Real
Options, these cash payments are the free cash flows. Thus, the sum of free
cash flows present valued to time zero is the current stock price (asset value),
and at time one, the stock price in the future. The natural logarithm of the
ratio of these sums is analogous to the logarithmic returns of stock prices. As
stock price at time zero is known while the future stock price is uncertain,
simulate only the uncertain future stock price.

Management Assumption Approach

Another approach to estimating volatility is through management assump-
tions. For instance, suppose management assumes that the present value of a
particular project follows a lognormal distribution with a mean of $44 mil-
lion. In addition, management assumes that this expected value can fluctuate
between $30 million and $60 million. These values represent the worst-case
10 percent probability and best-case 90 percent probability (Figure 4.3).
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FIGURE 4.3 Lognormal distribution assumption in Crystal Ball 
with alternate parameters.



Using Crystal Ball’s Monte Carlo simulation software, the percentile in-
puts seen in Figure 4.4 are calculated using the software. The corresponding
standard deviation is computed as $12.12 million. Hence, the volatility es-
timate is $12.12/$44.00 or 27.55 percent. This calculation is done with
Crystal Ball’s Define Assumption function, choosing the alternate parame-
ters (Parms) command, and entering the relevant percentiles. In addition,
Chapter 10, Real Options Tables, provides an excellent set of implied
volatility tables that are well suited for these types of management approach
to estimating volatilities.

Annualizing Volatility

Regardless of the approach taken, the volatility estimate used in a real op-
tions analysis has to be an annualized volatility. Depending on the periodic-
ity of the raw cash flow used, the volatility calculated should be converted
into annualized values using s √T

—
, where T is the number of periods in a

year. For instance, if the calculated volatility using monthly cash-flow data
is 10 percent, the annualized volatility is 10%√12

—
= 35%. This figure should

be used in the real options analysis. Similarly, T is 365 for daily data, 4 for
quarterly data, 2 for semiannual data, and 1 for annual data. Annualizing is
important because volatility is assumed, in an options paradigm, to grow at
the rate of the square root of stepping time.

Explaining Volatilities

Now that you know how to estimate volatilities, how on earth do you explain
what it actually means to management? Management usually understands
what probabilities mean. As a matter of fact, they feel more comfortable look-
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FIGURE 4.4 Calculated lognormal distribution in Crystal Ball.



ing at a decision tree filled with probabilities of outcomes or probabilities of a
project being successful, and so forth, than to talk about volatilities. Provide
them a volatility value of 35 percent and all is lost, or so you think. There is a
very simple, powerful, and yet logical explanation to volatilities.

Figure 4.5 shows a simple Crystal Ball forecast chart. On the vertical
axis are the probabilities of occurrence given a particular value on the hori-
zontal axis. Obviously, the wider the distribution, the higher the standard
deviation or volatility of this distribution, and the corresponding probabili-
ties get reallocated to the tails of the distribution. In other words, volatility
and probabilities are related, as seen in this graph. For instance, Figure 4.6
illustrates the forecast statistics where the resulting standard deviation (a
measure of volatility) is calculated as 34.52.
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FIGURE 4.5 Forecast chart showing probabilities and volatility.

FIGURE 4.6 Forecast statistics showing the volatility/standard deviation level.



To further illustrate the relationship, suppose management assumes that
there is a 10 percent probability that a particular project will be successful
or break even, and the break-even level is set at $55 million. Using Crystal
Ball’s alternate parameters function, the custom level is chosen for 10 per-
centile and 99 percentile (Figure 4.7).

The assign distribution dialog in Figure 4.8 shows the distribution with
a 10 percent confidence at $55 million. Reverting back to the mean and
standard deviation view, Figure 4.9 shows the resulting standard deviation
is calculated as 34.65, in agreement with the simulated values (rounded, of
course).

Using this simple yet effective approach, an analyst can explain to man-
agement that volatilities are nothing but the counterparts of probabilities. As
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FIGURE 4.7 Crystal Ball’s custom parameters dialog box.

FIGURE 4.8 Assign distribution chart showing the probability of success/breakeven.



a matter of fact, there is a perfect statistical and mathematical exactness to
this relationship. Taking this idea a few steps further, the same approach can
be used to estimate the volatility of any uncertain variable given its proba-
bilities of occurrence, and vice versa. However, in a real options modeling
paradigm, volatilities are used instead of probabilities as the latter tend to be
more subjective and prone to guesstimates. When used on a large decision
tree, errors in estimating probabilities will compound and the resulting ex-
pected values on the tree will be erroneous. In addition, volatilities are much
more exact and powerful in the sense that when you model multiple sto-
chastic and uncertain variables using Monte Carlo simulation and force
these simulated values through a DCF model, the model will account for
specific causalities, correlations, interrelationships, and co-movements
among these many variables. The resulting cash-flow stream is distilled from
these interactions. Hence, calculating the volatility based on this final flow
of events as captured by the cash-flow stream is more accurate, accounting
for all uncertainties and all their interactions. Otherwise, more advanced
Bayesian updating and reversal and combinatoric approaches would have to
be applied on a decision tree as well as all the interacting relationships
among probabilities have to be known ahead of time, making the use of sim-
ple probabilities inappropriate, inexact, and unnecessarily difficult.
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FIGURE 4.9 Assign distribution chart showing standard deviation/volatility.



Exercise: Volatility Estimates

Open the Excel file Workbook Exercise (Volatility Estimate).xls from the
enclosed CD-ROM. Using the cash-flow assumptions from the graphic,
calculate the annualized volatility assuming the cash flows have an annual
periodicity.
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What would happen if the cash flows are on a monthly periodicity in-
stead? What happens if the cash flow in Period 0 is –$10 instead?

Period Cash Flow
0 $10.00
1 $20.00
2 $30.00
3 $40.00
4 $50.00
5 $60.00

Annual Volatility
Annualized Volatility

Annual Data 5 Periods

Reset

Input Parameters

Results

Estimating Volatility
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CHAPTER 5
The Basics of Real Options

BINOMIAL LATTICES

In the binomial-lattice world, several basic similarities are worth mention-
ing. No matter the types of real options problems you are trying to solve, if
the binomial lattice approach is used, the solution can be obtained in one of
two ways. The first is the use of risk-neutral probabilities, and the second 
is the use of market-replicating portfolios. Throughout this book, the former
approach is used. The use of a market-replicating portfolio is more difficult
to understand and apply, but the results obtained from replicating portfolios
are identical to those obtained through risk-neutral probabilities. Accord-
ingly, it does not matter which method is used; nevertheless, application and
expositional ease should be emphasized.

Market-replicating portfolios’ predominant assumptions are that there
are no arbitrage opportunities and that there exist a number of traded assets
in the market that can be obtained to replicate the existing asset’s payout
profile. A simple illustration is in order here. Suppose you own a portfolio
of publicly traded stocks that pay a set percentage dividend per period. You
can, in theory, assuming no trading restrictions, taxes, or transaction costs,
purchase a second portfolio of several nondividend-paying stocks and repli-
cate the payout of the first portfolio of dividend-paying stocks. You can, for
instance, sell a particular number of shares per period to replicate the first
portfolio’s dividend payout amount at every time period. Hence, if both
payouts are identical although their stock compositions are different, the
value of both portfolios should then be identical. Otherwise, there will be ar-
bitrage opportunities, and market forces will tend to make them equilibrate
in value. This scenario makes perfect sense in a financial-securities world
where stocks are freely traded and highly liquid. However, in a real-options
world where physical assets and firm-specific projects are being valued, fi-
nancial purists would argue that this assumption is hard to accept, not to
mention that the mathematics behind replicating portfolios are also more
difficult to apply.



Compare the use of replicating portfolios to a risk-neutral probability
approach. Simply stated, instead of using a risky set of cash flows and dis-
counting them at a risk-adjusted discount rate akin to the discounted cash-
flow (DCF) models, you can instead easily risk-adjust the probabilities of
specific cash flows occurring at specific times. Thus, using these risk-
adjusted probabilities on the cash flows lets you discount these cash flows
(whose risks have now been accounted for) at the risk-free rate. This situa-
tion is the essence of binomial lattices as applied in valuing options. The re-
sults that are obtained are identical.

Let us now see how easy it is to apply risk-neutral valuation. In any op-
tions model, there is a minimum requirement of at least two lattices. The
first lattice is always the lattice of the underlying asset, while the second lat-
tice is the option valuation lattice. No matter what real options model is of
interest, the basic structure almost always exists, taking the form:

The basic inputs are the present value of the underlying asset (S), present
value of implementation cost of the option (X), annualized volatility of the
natural logarithm of the underlying free cash-flow returns in percent (s),
time to expiration in years (T), annualized risk-free rate or the rate of return
on a riskless asset (rf ), and continuous annualized dividend outflows in per-
cent (q). In addition, the binomial lattice approach requires two additional
sets of calculations, the up and down factors (u and d) as well as a risk-
neutral probability measure (p). We see from the equations above that the
up factor is simply the exponential function of the cash-flow volatility mul-
tiplied by the square root of time-steps or stepping time (dt). Time-steps or
stepping time is simply the timescale between steps. That is, if an option has
a 1-year maturity and the binomial lattice that is constructed has 10 steps,
each time-step has a stepping time of 0.1 years. The volatility measure is an
annualized value; multiplying it by the square root of time-steps breaks it
down into the time-step’s equivalent volatility. The down factor is simply the
reciprocal of the up factor. In addition, the higher the volatility measure, the
higher the up and down factors. This reciprocal magnitude ensures that 
the lattices are recombining because the up and down steps have the same
magnitude but different signs; at places along the future path these binomial
bifurcations must meet.
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The second required calculation is that of the risk-neutral probability,
defined simply as the ratio of the exponential function of the difference be-
tween risk-free rate and dividend, multiplied by the stepping time less the
down factor, to the difference between the up and down factors. This risk-
neutral probability value is a mathematical intermediate and by itself has no
particular meaning. One major error that real options users commit is to ex-
trapolate these probabilities as some kind of subjective or objective proba-
bilities that a certain event will occur. Nothing is further from the truth.
There is no economic or financial meaning attached to these risk-neutralized
probabilities save that they are an intermediate step in a series of calcula-
tions. Armed with these values, you are now on your way to creating a bi-
nomial lattice of the underlying asset value, shown in Figure 5.1.

Starting with the present value of the underlying asset at time zero (S0),
multiply it by the up (u) and down (d) factors as shown above, to create a
binomial lattice. Remember that there is one bifurcation at each node, cre-
ating an up and a down branch. The intermediate branches are all recom-
bining. This evolution of the underlying asset shows that if the volatility is
zero, in a deterministic world where there are no uncertainties, the lattice
would be a straight line, and a DCF model will be adequate because the
value of the option or flexibility is also zero. In other words, if volatility (s)
is zero, then the up and down jump sizes are equal( )d e t= −σ δ( )u e t= σ δ

Binomial Lattices 75

S0

S0u

S0u2

S0u3

S0ud

S0ud2

S0u2d

S0d2

S0d3

S0d

FIGURE 5.1 Recombining lattice with three time-steps.



to one. It is because there are uncertainties and risks, as captured by the
volatility measure, that the lattice is not a straight horizontal line but com-
prises up and down movements. It is this up and down uncertainty that gen-
erates the value in an option. The higher the volatility measure, the higher
the up and down factors as previously defined, the higher the potential value
of an option as higher uncertainties exist and the potential upside for the op-
tion increases.

Exercise: Creating and Solving Lattices

Open the Excel file Workbook Exercise (Creating and Solving Lattices).xls
from the enclosed CD-ROM. Using the risk-neutral approach, calculate the
stepping time, up and down steps, and the risk-neutral probability. Then
create an underlying asset lattice and solve the American option value using
the option valuation lattice below. If you require detailed assistance in solv-
ing lattices, refer to Chapter 6 of Real Options Analysis (“Granularity”
heads to “Precision” section).
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Creating and Solving Lattices

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00 Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

$80.00
5.00

5.00%
0.00%

25.00%
5 Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset Lattice



GRANULARITIES IN LATTICES

Another key concept in the use of binomial lattices is the idea of steps and
precision. For instance, if a 5-year real options project is valued using five
steps, each time-step size (dt) is equivalent to one year. Conversely, if 50
steps are used, then dt is equivalent to 0.1 year per step. Recall that the up

and down step sizes were respectively. The smaller dt is,
the smaller the up and down steps, and the more granular the lattice values
will be.

Suppose that a European financial call option has a stock price of $100
and a strike price of $100 expiring in 1 year. Further, suppose that the cor-
responding risk-free rate is 5 percent and the calculated volatility of histor-
ical logarithmic returns is 25 percent. Because the option pays no dividends
and is exercisable only at termination, a Black-Scholes equation will suffice.
The call option value calculated using the Black-Scholes equation is
$12.3360, which is obtained by
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Compare the Black-Scholes results with those obtained using a binomial-
lattice approach.

Black-Scholes model: $12.3360

Binomial Approach

5 Steps: $12.7946
10 Steps: $12.0932
20 Steps: $12.2132
50 Steps: $12.2867
100 Steps: $12.3113
1,000 Steps: $12.3335
10,000 Steps: $12.3358
50,000 Steps: $12.3360

Notice that as the number of steps increases, the binomial-lattice results ap-
proach the Black-Scholes result. That is, at the limit, when the number of
steps approaches infinity, the time between steps approaches zero, the results
are identical. Research has shown that 1,000 steps are sufficient for a good
estimate in most real options problems. Although the Black-Scholes model
is only applicable in very specific circumstances (no dividend payments are
allowed and it is applicable to European-type options only), it is used here
to illustrate the convergence of results between closed-form models (Black-
Scholes type models) and binomial lattices. As shown in later chapters, the
Black-Scholes model has limited applications, and abuse and misuse of this
model will yield highly inaccurate and misleading results.

Exercise: Granularity in Lattices

Open the Excel file Workbook Exercise (Granularity in Lattices).xls from
the enclosed CD-ROM. Using the input assumptions provided below, cal-
culate a 5-step and 10-step lattice of the underlying asset. What are your
observations? Redo the question on your own with a 20-step lattice and
compare the 5-step lattice with the 20-step lattice. Something interesting
happens here, as the factor size of going from 5 to 20 steps is 4, the square
root of the stepping-time factor size is 2, which means that the same values
appear every two steps, interspersed with intermediate granularities.
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Granularity in Lattices

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Small Lattice Steps
Large Lattice Steps

$100.00
Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

$90.00
5.00

5.00%
0.00%

20.00%
5

10

Intermediate Calculations

5-Step 10-Step
Assumptions

Underlying Asset Lattice (5 Steps)

Underlying Asset Lattice (10 Steps)



Exercise: European Option

Open the Excel file Workbook Exercise (European Option).xls from the en-
closed CD-ROM. Calculate the European call option by completing the fol-
lowing lattices and assuming that these assumptions hold:
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European Option Calculations

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00
$100.00

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

1.00
5.00%
0.00%

25.00%
5 Lattice Results

Black-Scholes Results

Intermediate Calculations

Results

Assumptions

Underlying Asset Lattice
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Option Valuation Lattice

Decision Lattice



82 THE BASICS OF REAL OPTIONS

American Option Calculations

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00
$80.00

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

3.00
5.00%

12.00%
35.00%

5 Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset Lattice

Exercise: American Option

Open the Excel file Workbook Exercise (American Option).xls from the en-
closed CD-ROM. Calculate the American call option by completing the lat-
tices below, assuming that the assumptions in the graphic hold:
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Change the input parameters in the American option exercise to match
the previous European option exercise. What happens to the results? How
do you reconcile the similarities and differences? Notice that the European
option result is the same as the American option result when no dividends
exist. This result means that it is never optimal to execute an American op-
tion early when no dividends exist. However, when a dividend exists, both
American and European options become less valuable. The American option
does, though, have a higher value than the European option due to its abil-
ity to execute early, which now becomes optimal.

Option Valuation Lattice

Decision Lattice



Exercise: Risk-Neutral Probability Versus Market-Replicating Portfolio

In this exercise, solve the American call option using the risk-neutral proba-
bility approach, and then solve the same option using the market-replicating
portfolio approach. For the market-replicating portfolio approach, assume a
continuous discounting factor. Verify that the theory holds such that both ap-
proaches results in identical call option values. Which approach is simpler to
apply?

For both approaches, assume these parameters: asset value = $100,
strike cost = $100, maturity = 3 years, volatility = 10 percent, risk-free rate
= 5 percent, dividends = 0 percent, and steps = 3.

Part I: Risk-Neutral Probability
Calculate the intermediate values and fill in the boxes:

Stepping Time (dt) = 

Up Jump-Size (up) = 

Down Jump-Size (down) = 

Risk-Neutral Probability (prob) = 
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Underlying Asset Lattice



Calculated American call option value = $

Part II: Market-Replicating Portfolio Approach
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Option Valuation Lattice

Underlying Asset Lattice



Use the following formulas:

Hedge ratio (h): hi–1 = (Cup – Cdown) / (Sup – Sdown)

Debt load (D): Di–1 = Si(hi–1) – Ci

Call value (C) at node i: 

Risk-adjusted probability (q): qi = (Si–1 – Sdown) / (Sup – Sdown)

obtained assuming Si–1 = qiSup + (1 – qi)Sdown. This means that Si–1 = qiSup +
Sdown – qiSdown and qi[Sup – Sdown] = Si–1 – Sdown so we get qi = (Si–1 – Sdown) /
(Sup – Sdown).

Step 1: Get the call values at the terminal nodes. As we assume the strike
prices are $100 at all terminal nodes, we get (all values in $)

C3UU = max [ ] = 

C3UD = max [ ] = 

C3DU = max [ ] = 

C3DD = max [ ] = 

Step 2: Get the hedge ratios for the terminal branches.

h2U = h2M = h2D = 

Step 3: Get the debt load for the terminal branches.

D2U = S3UU(h2U) – C3UU = = 

D2M = S3UD(h2M) – C3UD = = 

D2L = S3DU(h2D) – C3DU = = 

C S h Dei i i i
rf t= − −( ) ( )d
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Step 4: Get the call values one node back, t = 2.

C2U = S2U(h2U) – D2U(e–rf (dt)) =  =  

C2M = S2M(h2M) – D2M(e–rf (dt)) =  =  

C2D = S2D(h2D) – D2D(e–rf (dt)) =  =  

Step 5: Get the hedge ratios for the one branch back, t = 1.

h1U =  

h1D =  

Step 6: Get the debt load for one branch back, t = 1.

D1U = S2U(h1U) – C2U =  =  

D1D = S2D(h1D) – C2D = =  

Step 7: Get the call values one node back.

C1U = S1U(h1U) – D1U(e–rf(dt)) =  =  

C1D = S1D(h1D) – D1D(e–rf(dt)) =  =  

Step 8: Get the hedge ratios for two branches back, t = 0.

h0 =  
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Step 9: Get the debt load for two branches back, t = 0.

D0 = S1(h0) – C1U =  =  

Step 10: Get the call value at t = 0, the option value of this analysis.

C0 = S0(h0) – D0(e–rf(dt)) =  =  

Make sure the option value calculated in Step 10 is identical to the result ob-
tained using the risk-neutral probability approach.

STATE-PRICING APPROACH TO SOLVING 
A EUROPEAN OPTION

Another approach that is useful in solving a real options problem is the ap-
plication of state pricing. The state-pricing approach is fairly similar to the
binomial-lattice approach. The exception being that the up and down jumps
do not have to be symmetrical. The following exercise illustrates how a
state-pricing approach yields similar answers to a binomial-lattice approach
at the limit. The results converge at $32.504 using the closed-form American
approximation model, state-pricing approach with 10,000 steps and bino-
mial approach using 10,000 steps (Figure 5.2). The example assumes a $100
asset value, $100 implementation cost, 5-year expiration, 5 percent risk-free
rate, and 25 percent in volatility. The following exercise looks at the steps
required to solve a state-pricing European option model using five steps.
These examples have important theoretical ramifications. Closed-form mod-
els, like the Black-Scholes, rely on some fairly restrictive assumptions (which
are often violated), as do market-replicating portfolios, binomial lattices,
and state-pricing approaches. However, while each methodology’s assump-
tions are different, they yield identical results at the limit. This similarity im-
plies that these restrictive assumptions are negligible and inconsequential
when used in a Real Options context, and that they are only important in
theoretical extrapolations, not in applied circumstances.
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Black-Scholes Model
State-Pricing Model
Binomial Model
Steps

$32.504
$32.713
$33.164

5 10 100 500 1,000 10,000

$32.504
$32.504

$32.496
$32.499

$32.489
$32.493

$32.428
$32.452

$31.753
$31.986

FIGURE 5.2 Comparison of approaches and time-steps.



When using the binomial approach, the up jump, down jump, and risk-
neutral probability are calculated. Instead, when using the state-pricing ap-
proach, an up-state price and down-state price are calculated. The equations
used in the state-pricing approach are:

Here, rf is the risk-free rate, dt is the time between steps, up is the absolute
up-jump increment, and down is the absolute down-jump increment. For ex-
ample, suppose the asset value is $100.00 but jumps to $128.40 and $77.88
in the first up and down jumps, the binomial up jump is hence 1.2840 and
the down jump is 0.7788. In contrast, the state-price absolute up-jump in-
crement is calculated as ($128.40 – $100.00) / $100.00 = 28.40 percent and
the absolute down-jump increment is ($77.88 – $100.00) / $100.00 = –22.12
percent. Then, using these up and down increments, calculate the up-state
and down-state values. Using these up-state and down-state values, calculate
the expected value of the valuation lattice back to the starting time. The re-
sulting value is the real options results using the state-pricing approach.

Exercise: State-Pricing Approach

Open the Excel file Workbook Exercise (State Pricing).xls from the enclosed
CD-ROM. Verify that the answer is indeed $32.713. Using the state-pricing
approach, solve this real options problem.
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−
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d
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European Option Calculations – State Pricing Approach

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00
$100.00

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Up Jump Increment
Down Jump Increment
Up State Price
Down State Price

5.00
5.00%
0.00%

25.00%
5

State Pricing Approach
Binomial Lattice Approach
Black-Scholes Results

Assumptions Intermediate Calculations

Results



TRINOMIAL LATTICES AND AMERICAN OPTIONS

Building and solving a trinomial lattice is similar to building and solving 
a binomial lattice, complete with the up/down jumps and risk-neutral prob-
abilities. However, the recombining trinomial lattice below is more compli-
cated to build. The results stemming from a trinomial lattice are the same as
those from a binomial lattice at the limit, but the lattice-building complex-
ity is much higher for trinomial or multinomial lattices. Hence, the examples
thus far have been focusing on the binomial lattice, due to its simplicity and
applicability. It is difficult enough to create a three-time-step trinomial lat-
tice as shown below; imagine having to keep track of the number of nodes,
bifurcations, and which branch recombines with which, in a very large lat-
tice. The equations relevant to developing a trinomial lattice depend on the
up-jump size (u), down-jump size (d), risk-neutral probabilities for the low
branch (pL), middle branch (pM), and high branch (pH).
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Underlying Asset Lattice

State Prices Lattice



The trinomial lattice follows the configuration shown in Figure 5.3.
The only reason to use a trinomial lattice is because the level of conver-

gence to the correct option value is achieved quicker than using a binomial
lattice. At the limit, both the binomial and trinomial lattices yield the same
result, as seen below. Notice how the trinomial lattice yields the correct op-
tion value with fewer steps while it takes more steps for a binomial lattice
(Figure 5.4). No matter the number of options solved, binomial lattices and
trinomial lattices will both yield the same results at the limit.
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2

3

2

2

3

2

S0
S0 S0 S0

S0u S0u

S0u S0u

S0u

S0d S0d 

S0d

S0d S0d

S0u

S0d

FIGURE 5.3 Generic three-step trinomial lattice.

American Approximation Model
Binomial Model
Trinomial Model
Steps

$29.78
$30.73
$29.22

5 10 100 5,0001,000

$29.78
$29.78

$29.77
$29.78

$29.72
$29.75

$29.22
$29.50

FIGURE 5.4 Comparison of approaches and time-steps.



Exercise: Trinomial Lattices

Open the Excel file Workbook Exercise (Trinomial) Lattice.xls from the en-
closed CD-ROM. Using the formulas for building a trinomial lattice above,
solve this American call option using a three-step trinomial lattice. Verify the
results using the same assumptions by applying a three-step and four-step bi-
nomial lattice.
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American Option Calculations (Trinomial Lattice)

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00
$100.00

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)

High Branch Probability (PH)
Middle Branch Probability (PM)
Low Branch Probability (PL)

3.00
5.00%
0.00%

35.00%
3

Lattice Results

Assumptions Intermediate Calculations

Results

Underlying Asset Lattice (Trinomial Three-Step Lattice)
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Option Valuation Lattice (Trinomial Three-Step Lattice)

Underlying Asset Lattice (Binomial Three-Step Lattice)

Option Valuation Lattice (Binomial Three-Step Lattice)

Steps (N)
Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

3.0000

Intermediate Calculations
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Underlying Asset Lattice (Binomial Four-Step Lattice)

Option Valuation Lattice (Binomial Four-Step Lattice)

Steps (N)
Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

4.0000

Intermediate Calculations
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CHAPTER 6
Real Options Business Cases

OPTION TO ABANDON

Suppose a pharmaceutical company is developing a particular drug. How-
ever, due to the uncertain nature of the drug’s development progress, market
demand, success in human and animal testing, and FDA approval, manage-
ment decides that it will create a strategic abandonment option. That is, at
any time period within the next 5 years of development, management can re-
view the progress of the research and development effort and decide whether
to terminate the drug development program. After 5 years, the firm would
have either succeeded or completely failed in its drug development initiative,
and there exists no option value after that time period. If the program is ter-
minated, the firm can potentially sell off its intellectual property rights of the
drug in question to another pharmaceutical firm with which it has a con-
tractual agreement. This contract with the other firm is exercisable at any
time within this period, at the whim of the firm owning the patents.

Using a traditional discounted cash flow (DCF) model, you find the pres-
ent value of the expected future cash flows discounted at an appropriate mar-
ket risk-adjusted discount rate to be $150 million. Using Monte Carlo
simulation, you find the implied volatility of the logarithmic returns on future
cash flows to be 30 percent. The risk-free rate on a riskless asset for the same
time frame is 5 percent, and you understand from the intellectual property of-
ficer of the firm that the value of the drug’s patent is $100 million contractu-
ally, if sold within the next 5 years. For simplicity, you assume that this $100
million salvage value is fixed for the next 5 years. You attempt to calculate
how much this abandonment option is worth and how much this drug de-
velopment effort on the whole is worth to the firm. By virtue of having this
contractual safety net of being able to abandon drug development, the value
of the project is worth more than its net present value (NPV). You decide to
use a closed-form approximation of an American put option because the op-
tion to abandon drug development can be exercised at any time up to the ex-
piration date. You also decide to confirm the value of the closed-form



analysis with a binomial lattice calculation. With these assumptions, do the
following exercises, answering the questions that are posed:

1. Solve the abandonment option problem analytically and confirm the re-
sults using the software. Then solve the same problem, but assume that
the dividend rate is 2 percent, and the original salvage value of $100 
at Year 0 grows at an annual rate of 3 percent starting in the first year.
(Use the templates following.) Finally, confirm the initial results using
the Real Options Analysis Toolkit software.

2. Select the right choice for each of the following:
a. Increases in maturity (increase/decrease) the abandonment option value.
b. Increases in volatility (increase/decrease) the abandonment option value.
c. Increases in asset value (increase/decrease) the abandonment option

value.
d. Increases in risk-free rate (increase/decrease) the abandonment option

value.
e. Increases in dividend (increase/decrease) the abandonment option value.
f. Increases in salvage value (increase/decrease) the abandonment option

value.
3. Verify the results using the software’s closed-form American Long-Term

Put Option Approximation model.
4. Using the Custom Lattice, build and solve the abandonment option.
5. Use the Black-Scholes model to benchmark the results.
6. Apply 1,000 steps using the software’s binomial lattice.

a. How different are the results as compared to the five-step lattice?
b. How close are the closed-form results compared to the 1,000-step lattice?

7. Apply a 3 percent continuous dividend yield to the 1,000-step lattice.
a. What happens to the results?
b. Does a dividend yield increase or decrease the value of an abandon-

ment option? Why?
8. Assume that the salvage value increases at a 10 percent annual rate.

Show how this can be modeled using the software’s Custom Lattice.

Analytical Solutions

The figures below show the results of your analysis using a binomial ap-
proach, where the calculated value of the abandonment option is $6.6412
million (five time-steps). First, to obtain the results for the abandonment op-
tion, calculate and complete the following.
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Stepping Time
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)



The first lattice, the lattice of the underlying asset, is shown below. All
the required calculations and steps in the underlying asset lattice are based
on the up factor and down factor. Complete the lattice showing all your cal-
culation steps.
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Creating the option valuation lattice proceeds in two steps: the valua-
tion of the terminal nodes and the valuation of the intermediate nodes using
a process called backward induction. In the first underlying asset lattice, the
values are created in a forward multiplication of up and down factors, from
left to right. For the second lattice, the option valuation lattice, the calcula-
tion proceeds in a backward manner starting from the terminal nodes, that
is, the nodes at the end of the lattice are valued first, going from right to left.

The circled terminal node (denoted A) reveals a value of $672.2, which
can be obtained through the value maximization of abandonment versus
continuation. At the end of 5 years, the firm has the option both to sell off
and to abandon its existing drug program or to continue developing. Obvi-
ously, management will choose the strategy that maximizes profitability.
The value of abandoning the drug program is equivalent to selling the patent
rights at the predetermined $100 million value. The value of continuing
with development can be found in the underlying asset lattice evolution,
which is $672.2 million. The profit-maximizing decision is to continue de-
velopment; hence, we have the value $672.2 million on that node (denoted
A). Similarly, for the terminal node B, we see that the value of abandoning
at that time is $100 million as compared to $60.99 from the underlying asset
lattice. Hence, the decision at that node is to abandon the project, and the

Underlying Asset Lattice

Asset
$150.0

Asset × up
$150 × 1.3499 = $202.5

Asset × up × down4

$150 × 1.3499 × 0.74084 =  $60.9

Asset × up5

$150 × 1.34995 =  672.2

Asset × down × up
$150 × 1.3499 × 0.7408 = 150.0

Asset × down
$150 × 0.7408 = $111.1



profit-maximizing value of that node becomes the abandonment value of
$100 million. This result is very easy to understand because if the underly-
ing asset value of pursuing the drug development is high (node A), it is wise
to continue with the development. Otherwise, if circumstances force the
value of the development effort down to such a low level as specified by
node B, then it is more optimal to abandon the project and cut the firm’s
losses. This action of course assumes that management will execute the op-
timal profit-maximizing behavior of abandoning the project when it is opti-
mal to do so rather than hanging on to it.

Moving on to the intermediate nodes, we see that node C is calculated
as $273.3 million. At this particular node, the firm again has two options:
to abandon at that point or not to abandon, thereby keeping the option to
abandon open and available for the future in the hopes that when things
seem less rosy, the firm has the ability to execute the option and abandon the
development program. The value of abandoning is again the $100 million in
salvage value. The value of continuing is simply the discounted weighted av-
erage of potential future option values using the risk-neutral probability.
Calculate the option to abandon by completing the option valuation lattice.
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By having a safety net or way out for management under dire circum-
stances, the project is worth more than its static value of $ million.
This is the static NPV without flexibility, the $ million is the real
options value, and the combined value of $ million is the ENPV
(Expanded NPV) value or NPV+O (NPV with real options flexibility value),

Option Valuation Lattice

Max(Abandon, Open)
Max($100, $273.3)

Decision: End at $273.3

Max(Abandon, End)
Max($100, $672.2)

Decision: End at $672.2

Max(Abandon, End)
Max($100, $60.9)

Decision: Abandon at $100.0

C

A

B



the correct total value of this drug development program. Clearly, modifica-
tions to the lattice analysis can be done to further mirror actual business con-
ditions. For instance, the abandonment salvage value can change over time,
which can simply be instituted through changing the salvage amount at the
appropriate times with respect to the nodes on the lattice. Changes in aban-
donment salvage value can be caused by an inflation adjustment, a growth or
decline in the value of the intellectual property over time, and so forth.

Exercise: Abandonment Option

Open the Excel file Workbook Exercise (Abandonment Option).xls from
the enclosed CD-ROM. Solve the same abandonment option using binomial
lattices. However, add a 2 percent dividend rate and change the salvage
value by a 3 percent growth rate per year, starting in the first year. Complete
these lattices.

Option to Abandon 99

Creating and Solving an Abandonment Option

Asset Value ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Salvage Value ($)
Growth Rate (%)

$150.00

$100.00

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

5.00
5.00%
2.00%

3.00%

30.00%
5

Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset Lattice

Salvage Values



Software Solutions

1. Solve the abandonment option problem analytically and confirm the
initial results using the software.

The value of the project is $156.64 million. $150 million is the NPV,
and $6.64 million comes from the strategic abandonment option.
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Option Valuation Lattice

Decision Lattice



2. Select the right choice for each of the following:

a. Increases in maturity increase the abandonment option value.
b. Increases in volatility increase the abandonment option value.
c. Increases in asset value decrease the abandonment option value.
d. Increases in risk-free rate decrease the abandonment option value.
e. Increases in dividend decrease the abandonment option value.
f. Increases in salvage value increase the abandonment option value.

3. Verify the initial results using the software’s closed-form American
Long-Term Put Option Approximation model.

The closed-form result is $6.98 million compared to $6.64 million using
a five-step binomial analysis.
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4. Using the Custom Lattice, build and solve the abandonment option.
The Custom Lattice replicates the results from the American Abandon-

ment Option model, with $6.64 million for the abandonment option value.
The underlying asset pricing and valuation lattices’ inputs are shown here.
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5. Use the Black-Scholes model to benchmark the results.
The Black-Scholes put option value is calculated to be $6.09, providing

somewhat of a decent benchmark for an abandonment option in this example.
However, be aware that the Black-Scholes model fails miserably as a bench-
mark for other options (e.g., expansion options).
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6. Apply 1,000 steps using the software’s binomial lattice.
a. How different are the results as compared to the five-step lattice?

The results are fairly close to a five-step lattice, yielding $7.0878
million as compared to $6.6412 million.

b. How close are the closed-form results compared to the 1,000-step
lattice? Closed-form solutions ($6.9756 million) are also fairly
close to the 1,000-step lattice ($7.0878 million).
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7. Apply a 3 percent continuous dividend yield on the 1,000-step lattice.
a. What happens to the results? The resulting option analysis results

decrease.
b. Does a dividend yield increase or decrease the value of an aban-

donment option? The option value decreases due to the leakage in
asset value as specified by the 3 percent continuous dividend yield.
Dividends increase a financial put option’s value but reduce an
abandonment real option value because in real options, dividends
(e.g., annual taxes, maintenance costs, operating expenses) are
only incurred when the option is kept open and not abandoned.

8. Assume that the salvage value increases at a 10 percent annual rate.
Show how this can be modeled using the software’s Custom Lattice function.

To incorporate this changing salvage value, create a row between the
lattice of the underlying asset and the option valuation lattice. This row has
the salvage value increasing over time.



OPTION TO EXPAND

Suppose a growth firm has a static valuation of future profitability using a
DCF model (in other words, the present value of the expected future cash
flows discounted at an appropriate market risk-adjusted discount rate) that
is found to be $400 million. Using Monte Carlo simulation, you calculate
the implied volatility of the logarithmic returns on the projected future cash
flows to be 35 percent. The risk-free rate on a riskless asset for the next 5
years is found to be yielding 7 percent. Suppose that the firm has the option
to expand and double its operations by acquiring its competitor for a sum of
$250 million at any time over the next 5 years. What is the total value of this
firm, assuming that you account for this expansion option?

You decide to use a closed-form approximation of an American call op-
tion because the option to expand the firm’s operations can be exercised at
any time up to the expiration date. You also decide to confirm the value of
the closed-form analysis with a binomial lattice calculation. Do the follow-
ing exercises, answering the questions that are posed:

1. Solve the expansion option problem analytically. Then verify the origi-
nal results using the Real Options Analysis Toolkit software.

2. Rerun the original expansion option problem using the software for
100 steps, 300 steps, and 1,000 steps. What are your observations?

3. Show how you would use the American Long-Term Call Option Ap-
proximation model to estimate and benchmark the results from an ex-
pansion option. How comparable are the results?

4. Show the different levels of expansion factors but still yielding the same
expanded asset value of $800. Explain your observations in terms of why
the expansion value changes, and why the Black-Scholes and American
Long-Term Option Approximation models are insufficient to capture
the fluctuation in value.
a. Use an expansion factor of 2.00 and an asset value of $400.00 (yield-

ing an expanded asset value of $800).
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b. Use an expansion factor of 1.25 and an asset value of $640.00 (yield-
ing an expanded asset value of $800).

c. Use an expansion factor of 1.50 and an asset value of $533.33 (yield-
ing an expanded asset value of $800).

d. Use an expansion factor of 1.75 and an asset value of $457.14 (yield-
ing an expanded asset value of $800).

5. Add a dividend yield, and see what happens. Explain your findings.
a. What happens when the dividend rate equals or exceeds the risk-free

rate?
b. What happens to the accuracy of closed-form solutions such as the

Black-Scholes and American Long-Term Call Option Approximation
models?

6. What happens to the decision to expand if a dividend yield exists?

Analytical Solutions

The figures below show the results of your analysis using a binomial ap-
proach, where you calculate the value of the expansion option as $638.3
million using five time-steps. Solve the expansion option by first completing
the calculations on stepping time and step sizes.
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Stepping Time
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Then complete the underlying asset lattice. The only required computation
here is the up and down step sizes calculated previously.

Underlying Asset Lattice

Asset
$400.0

Asset × up
$400 × 1.4191 = $567.6

Asset × up × down4

$400 × 1.4191 × 0.70474= $139.9

Asset × down5

$400 × 0.70475= $69.5

Asset × up5

$400 × 1.41915 = 2301.8

Asset × up2

$400 × 1.41912 = $805.5

Asset × down × up
$400  × 1.4191 × 0.7047 = 400.0

Asset × down
$400 × 0.7047 = $281.9



Next, calculate the expansion option by completing the option valua-
tion lattice below. The sample circled terminal node (denoted D) reveals a
value of $4,353.7, which can be obtained through the value maximization
of expansion versus continuation. At the end of 5 years, the firm has the op-
tion to acquire the competition and expand its existing operations or not.
Obviously, management will choose the strategy that maximizes profitabil-
ity. The value of acquiring and expanding its operations is equivalent to
doubling its existing capacity of $2,301.8 obtained from the underlying
asset lattice. Hence, the value of acquiring and expanding the firm’s opera-
tions is double this existing capacity less any acquisition costs or 2($2,301.8)
– $250 = $4,353.6 million (rounded). The value of continuing with existing
business operations can be found in the underlying asset lattice, which is
$2,301.8 million. The profit-maximizing decision is to acquire the firm for
$250 million; hence, we have the value $4,353.6 million on that node (de-
noted D). Similarly, for the terminal node E, we see that the value of con-
tinuing existing operations at that time is $69.5 million from the underlying
asset lattice. In comparison, by expanding its operations through acquisi-
tion, the value is only 2($69.5) – $250 = –$111 million. Hence, the decision
at that node is to continue with existing operations without expanding, and
the profit-maximizing value on that node is $69.5 million. This result is in-
tuitive because if the underlying asset value of pursuing existing business op-
erations is such that it is very high based on current market conditions (node
D), then it is wise to double the firm’s operations through acquisition of the
competitor. Otherwise, if circumstances force the value of the firm’s opera-
tions down to such a low level as specified by node E, then it is more opti-
mal to continue with the existing business and not worry about expanding
because the project will be a loser at that point.

Moving on to the intermediate nodes, we see that node F is calculated
as $1,408.4 million. At this particular node, the firm again has two options:
to expand its operations at that point or to keep the option to expand open
for the future in the hopes that when the market is up, the firm has the abil-
ity to execute the option and acquire its competitor. The value of expand-
ing at that node is 2($805) – $250 = $1,361 million (rounded). The value of
continuing is simply the discounted weighted average of potential future op-
tion values using the risk-neutral probability. Because the risk adjustment is
performed on the probabilities of future option cash flows, the discounting
can be done using the risk-free rate. That is, for the value of keeping the op-
tion alive and open, we have

[(P)($ ) + (1 – P)($ )]exp[(– )( )] = $1,408.4 million

which is higher than the expansion value. This assumes a 7 percent risk-free
rate rf, and a time-step dt of 1. Calculate the expansion option by complet-
ing the following option valuation lattice.
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By not executing the acquisition today but still having an option for
management given great market and economic outlook to acquire the com-
petitor, then the firm is worth more than its static value of $ mil-
lion, which is the static NPV without flexibility. The $ million is the
real options value and the combined value of $ million is the ENPV
(Expanded NPV) or NPV+O (NPV with real options flexibility value), the
correct total value of this firm. The real options value is worth an additional

percent of existing business operations. If a real options approach
is not used, the firm will be undervalued because it has a strategic option to
expand its current operations but not an obligation to do so and will most
likely not do so unless market conditions deem it optimal. The firm has in
essence hedged itself against any potential downside if it were to acquire the
competitor immediately without regard for what may potentially happen in
the future. Having an option and sometimes keeping this option open are
valuable given a highly uncertain business environment. Clearly, to mirror ac-
tual business conditions, the cost of acquisition can change over time, and the
expansion factor (doubling its operations) can also change as business con-
ditions change. All these variables can be accounted for in the lattice.

Exercise: Expansion Option (American Expansion Option)

Open the Excel file Workbook Exercise (Expansion Option I).xls from the
enclosed CD-ROM. Using the same assumptions, solve the expansion option
by hand and complete these lattices.
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Option Valuation Lattice

Max(Expand, Open)
Max($1361.0, $1408.4)
Decision: End at $1408.4

Max(Expand, End)
Max($4353.7, $2301.8)

Decision: Expand at $4353.7

Max(Expand, End)
Max(–$111.0, $69.5)
Decision: End at $69.5

F

D

E
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Creating and Solving an Expansion Option I

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Expansion Factor

$400.00
$250.00

5.00
7.00%
0.00%

35.00%
5

2.00

1.0000
1.4191
0.7047
51.49%

$638.30

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

This exercise assumes a static expansion factor.

Underlying Asset Lattice

Option Valuation Lattice



Exercise: Expansion Option (Growing Expansion Rate)

Open the Excel file Workbook Exercise (Expansion Option II).xls from the
enclosed CD-ROM. Change the risk-free rate to 8 percent, and the expan-
sion factor to 1.50 but growing at a 10 percent annual rate starting in Year
1. Solve the expansion option by completing these lattices.
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Decision Lattice

Creating and Solving an Expansion Option II

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Expansion Factor
Expansion Growth Rate

$400.00
$250.00

5.00
8.00%
2.00%

35.00%
5

1.50
10.00%

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

This exercise assumes a dynamic expansion factor.
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Underlying Asset Lattice

Expansion Values

Option Valuation Lattice

Decision Lattice



Exercise: Expansion Option (Competitive Risks)

Open the Excel file Workbook Exercise (Expansion Option III).xls from the
enclosed CD-ROM. Use the same input parameters as in the original problem,
but now assume that the competitor’s cash flow has a 25 percent volatility in-
stead of the firm’s 35 percent. Show how this different risk parameter between
the firm and its competitor can be accounted for using binomial lattices.
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Creating and Solving an Expansion Option III

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

Your Firm
$400.00

35.00%

Competition
$400.00

25.00%

Your Firm Competition
Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

This exercise assumes a dynamic expansion factor that 
depends on a competitive firm growing at different rates.

$250.00
5.00

7.00%
0.00%

5

Firm’s Underlying Asset Lattice

Competitor’s Underlying Asset Lattice
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Expansion Factors

Option Valuation Lattice

Decision Lattice



Software Solutions

1. Solve the expansion option problem analytically. Then verify the
original results using the Real Options Analysis Toolkit software.

The option value is $88.30, because the binomial lattice’s $638.30 in-
cludes the $88.30 option value and $550.00 NPV (expansion of 2.0 times
$400.00 asset value less the implementation cost of $250).
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2. Rerun the expansion option problem using the software for 100
steps, 300 steps, and 1,000 steps. What are your observations?

The expansion option results converge at around $638, confirming the
robustness of results. This means that convergence is achieved in this prob-
lem very early.

Super Lattice (100 steps) = $638.7315
Super Lattice (300 steps) = $638.8634
Super Lattice (1,000 steps) = $638.8700

3. Show how you would use the American Long-Term Call Option
Approximation model to estimate and benchmark the results from an ex-
pansion option. How comparable are the results?



The American Long-Term Call Option Approximation model is a de-
cent benchmark, providing similar magnitudes in value ($600 range). Notice
that the asset value in the American Long-Term Call Option Approximation
model is set to the expanded asset value of $800 ($400 base case asset value
multiplied by the expansion factor of 2.0).

4. Show the different levels of expansion factors but still yielding the
same expanded asset value of $800. Explain your observations in terms of
why the expansion value changes, and why the Black-Scholes and American
Long-Term Call Option Approximation models are insufficient to capture
the fluctuation in value.

The closed-form solutions do not change, but the values of the expan-
sion option values using the binomial approach do. The closed-form models
do not provide good benchmarks, as the correct expansion option values are
shown using the binomial approach.
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5. Add a dividend yield, and see what happens. Explain your findings.

a. What happens when the dividend rate equals or exceeds the risk-
free rate?

b. What happens to the accuracy of closed-form solutions such as
the Black-Scholes and American Long-Term Call Option Approx-
imation models?

The higher the dividend yield, the higher the opportunity cost of hold-
ing the option open for future expansion. Hence, the asset value diminishes
over the maturity period. Therefore, the option value decreases as dividend
yield increases. The diminishing returns hit the maximum level when the div-
idend yield equals the risk-free rate. That is, once dividend yield equals or
exceeds the risk-free rate, the value of the option reverts to the NPV of
$550. This result is calculated using the $400 asset value expanding at 2.0
times, yielding $800 expanded asset value, less the $250 cost of expansion,
yielding a net of $550. The Black-Scholes model is inappropriate for divi-
dend yields exceeding the risk-free rate and hence provides a bad benchmark
because the Black-Scholes is applicable only for European Options and not
American Expansion Options, especially when a dividend yield exists. Eu-
ropean Option models underestimate American Option models when a div-
idend yield exists.
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With a dividend yield or opportunistic cash outflow, it is optimal to ex-
ercise the option prior to expiration.

OPTION TO CONTRACT

You work for a large aeronautical manufacturing firm that is unsure of the
technological efficacy and market demand of its new fleet of long-range su-
personic jets. The firm decides to hedge itself through the use of strategic op-
tions, specifically an option to contract 50 percent of its manufacturing
facilities at any time within the next 5 years.

Suppose that the firm has a current operating structure whose static val-
uation of future profitability using a DCF model (in other words, the pres-
ent value of the expected future cash flows discounted at an appropriate
market risk-adjusted discount rate) is found to be $1 billion. Using Monte
Carlo simulation, you calculate the implied volatility of the logarithmic re-
turns on the projected future cash flows to be 50 percent. The risk-free rate
on a riskless asset for the next 5 years is found to be yielding 5 percent.
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6. What happens to the decision to expand if a dividend yield exists?



Suppose the firm has the option to contract 50 percent of its current opera-
tions at any time over the next 5 years, thereby creating an additional $400
million in savings after this contraction. This savings is achieved through a
legal contractual agreement with one of its vendors, who has agreed to take
up the firm’s excess capacity and space. At the same time, the firm can scale
back its existing workforce to obtain this level of savings.

A closed-form approximation of an American option can be used, be-
cause the option to contract the firm’s operations can be exercised at any
time up to the expiration date and can be confirmed with a binomial lattice
calculation. Do the following exercises, answering the questions that are
posed:

1. Solve the contraction option problem analytically and using the soft-
ware. Then add a 2 percent dividend rate and a 50 percent contraction
factor that grows at a –5 percent growth rate. Finally, confirm the orig-
inal results using the software.

2. Modify the continuous dividend payout rate until the option breaks
even for a five-step lattice. What observations can you make at this
break-even point?

3. Use the American Long-Term Put Option Approximation model to
benchmark the contraction option. What are the input parameters?

4. How can you use the American Abandonment Option model as a
benchmark to estimate the contraction option? If it is used, are the re-
sulting option values comparable?

5. Change the contraction factor to 0.7, and answer Question 4. Why are
the answers different?

Analytical Solutions

The following figures show the step-by-step analysis using a binomial ap-
proach to solve the contraction option, which is calculated to be $105.61
million using a five-time-step lattice. To begin the analysis, calculate and
complete the required values in the following.
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Stepping Time
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Then complete the underlying asset lattice. The only required computation here
is the up and down step sizes calculated previously.



The next step is to calculate the option valuation lattice using the values
calculated in the underlying asset lattice. We see that the sample terminal
node (denoted G) reveals a value of $12,183 (rounded), which can be ob-
tained through the value maximization of contraction versus continuation.
At the end of 5 years, the firm has the option to contract its existing opera-
tions or not, thereby letting the option expire. Obviously, management will
choose the strategy that maximizes profitability. The value of contracting 50
percent of its operations is equivalent to half of its existing operations plus
the $400 million in savings. Hence, the value of contracting the firm’s oper-
ations is

0.5($ ) + $ = $ million

The value of continuing with existing business operations can be found
in the underlying asset lattice, which is $12,183 million. The profit-
maximizing decision is to continue with the firm’s current level of operations
at $12,183 million on that node (denoted G). Similarly, for the terminal
node H, we see that the value of continuing existing operations at that time
is $82 million from the underlying asset lattice. In comparison, by contract-
ing its operations to 50 percent, the value is 0.5($82) + $400 = $441. Hence,
the decision at that node is to contract operations by 50 percent and the
profit-maximizing value on that node is $441 million. This result is intuitive,
because if the underlying asset value of pursuing existing business operations
is such that it is very high based on current good operating conditions (node
G), then it is wise to continue its current levels of operation. Otherwise, if
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Underlying Asset Lattice

Asset
$1000.0

Asset × up
$1000 × 1.6487 = $1648.7

Asset × up × down4

$1000 × 1.6487 × 0.60654= $223.1

Asset × up × down3

$1000 × 1.6487 × 0.60653= $368.0

Asset × down5

$1000 × 0.60655= $82.1

Asset × up5

$1000 × 1.64875 = $12182.5

Asset × up2

$1000 × 1.64872 = $2718.2

Asset × up3

$1000 × 1.64873 = $4481.7

Asset × up4

$1000 × 1.64874 = $7389.1

Asset × down × up
$1000 × 1.6487 × 0.6065 = 1000.0

Asset × down
$1000 × 0.6065 = $606.5



circumstances force the value of the firm’s operations down to such a low
level as specified by node H, then it is optimal to contract the existing busi-
ness by 50 percent.

Moving on to the intermediate nodes, we see that node I is calculated as
$2,734 million. At this particular node, the firm again has two options, to
contract its operations at that point or not to contract, thereby keeping the
option to contract available and open for the future in the hopes that when
the market is up, the firm has the ability to execute the option and contract
its existing operations. The value of contracting at that node is 0.5($2,718)
+ $400 = $1,759 million. The value of continuing is simply the discounted
weighted average of potential future option values using the risk-neutral
probability. As the risk adjustment is performed on the probabilities of fu-
ture option cash flows, the discounting can be done using the risk-free rate.
That is, for the value of keeping the option alive and open, we have

[(P)($ ) + (1 – P)($ )]exp[(– )( )] = $2,734 million

which is higher than the contraction value. This result assumes a 5 percent
risk-free rate rf, and a time-step dt of 1. Using the backward induction tech-
nique, the lattice is back-calculated to the starting point to obtain the value
of $ million. Because the value obtained through a DCF is $1,000
million for current existing operations, the option value of being able to con-
tract 50 percent of its operations is $ million. The $1,000 million
is the static NPV without flexibility, the $ million is the real op-
tions value, and the combined value of $ million is the ENPV (Ex-
panded NPV) value or NPV+O (NPV with real options flexibility value), the
correct total value of this manufacturing initiative. The real options value is
worth an additional percent of existing business operations. If 
a real options approach is not used, the manufacturing initiative will be 
undervalued.
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Exercise: Contraction Option

Open the Excel file Workbook Exercise (Contraction Option).xls from the
enclosed CD-ROM. Use the same input parameters provided in the example
but add a 2 percent dividend rate that grows at a –5 percent rate annually.
Solve this modified contraction option by completing these lattices.
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Option Valuation Lattice

Max(Contract, Open)
Max($1759, $2734)

Decision: Open at $2734

Max(Contract, Open)
Max($4095, $7389)

Decision: Open at $7389

Max(Contract, End)
Max($6491, $12183)

Decision: End at $12183

Max(Contract, End)
Max($2741, $4482)

Decision: End at $4482

Max(Contract, End)
Max($441, $82)

Decision: Contract at $441

I

G

H

Creating and Solving a Contraction Option

Asset Value ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Savings ($)
Contraction Factor
Contraction Growth Rate (%)

$1,000.00
5.00

5.00%
2.00%

50.00%
5

$400.00
0.50

–5.00%

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

This exercise assumes a dynamic contraction factor.
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Underlying Asset Lattice

Contraction Factors

Option Valuation Lattice

Decision Lattice



Software Solutions

1. Solve the contraction option problem using the software.
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2. Modify the continuous dividend payout rate until the option breaks
even. What observations can you make at this break-even point?

A higher dividend outflow reduces the value of the contraction option.
The break-even point for this 50 percent contraction option is about 50 per-
cent of the risk-free rate. Any dividend outflows greater than this break-even
point make the option worthless.

3. Use the American Long-Term Put Option Approximation model to
benchmark the contraction option. What are the input parameters?
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The abandonment option can be estimated using the American Long-
Term Put Option Approximation model. The asset value is modified to the
initial asset value multiplied by the contraction factor. The results from a
100-step (not shown here) binomial lattice ($102.7565) approach the
closed-form approximation value ($102.2278).

4. How can you use the American Abandonment Option model as a
benchmark to estimate the contraction option? Are the resulting option val-
ues comparable?



The benchmark option value using the American Abandonment Option
model closely approximates the contraction option when the asset value is
replaced by the initial asset value of $1,000 multiplied by the contraction
factor of 0.5, resulting in $500 of contracted asset value. However, this
benchmark is applicable only for a narrow range of results. Using the results
from the American Abandonment Option model, the asset value is $500
while the calculated value from a binomial lattice is $605.61, or a net of
$105.61 in option value. This result is comparable to the $105.61 in the
American Contraction Option model.

5. Change the contraction factor to 0.7, and answer Question 4. Why
are the answers different?
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At a higher contraction factor of 70 percent with an unchanged savings
rate of $400, the contraction option has a higher value because by only con-
tracting a little (30 percent), the same savings can be incurred. The potential
for more contraction occurs. In contrast, a higher asset value with the same
abandonment savings means that the abandonment occurrence is less as it is
less optimal to abandon, reducing the value of the abandonment option.
Therefore, in general, an abandonment option analysis does not provide a
good benchmark for a contraction option.



OPTION TO CHOOSE

Suppose a large manufacturing firm decides to hedge itself through the use of
strategic options. Specifically, it has the option to choose among three strate-
gies: (1) expanding its current manufacturing operations; (2) contracting its
manufacturing operations; or (3) completely abandoning its business unit at
any time within the next 5 years. Suppose the firm has a current operating
structure whose static valuation of future profitability using a DCF model (in
other words, the present value of the future cash flows discounted at an ap-
propriate market risk-adjusted discount rate) is found to be $100 million.

Using Monte Carlo simulation, you calculate the implied volatility of
the logarithmic returns on the projected future cash flows to be 15 percent.
The risk-free rate on a riskless asset for the next 5 years is found to be yield-
ing 5 percent annualized returns. Suppose the firm has the option to contract
10 percent of its current operations at any time over the next 5 years,
thereby creating an additional $25 million in savings after this contraction.
The expansion option will increase the firm’s operations by 30 percent, with
a $20 million implementation cost. Finally, by abandoning its operations,
the firm can sell its intellectual property for $100 million. Do the following
exercises, answering the questions that are posed:

1. Solve the option to choose (contract, expand, and abandon) problem
analytically and using the software. Then redo the problem by adding a
2 percent dividend rate, 2.50 expansion factor, $120 expansion cost,
and $50 contraction savings. Finally, verify the results using the Real
Options Analysis Toolkit software.

2. Recalculate the option value only for an expansion option.
3. Recalculate the option value only for a contraction option.
4. Recalculate the option value only for an abandonment option.
5. Compare the results of the sum of these three individual options in

Questions 2 through 4 with the results obtained in Question 1 using the
option to choose (contract, expand, and abandon).
a. Why are the results different?
b. Which value is correct?

6. Prove that if there are many interacting options and if there is a single
dominant strategy, then the value of the project’s option value ap-
proaches this dominant strategy’s value; that is, perform the following
steps, then compare and explain the results.
a. Reduce the expansion cost to $1.
b. Increase the contraction savings to $100.
c. Increase the salvage value to $150.
d. What inferences can you make based on these results?
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Analytical Solutions

A five-step binomial lattice calculation is used here, and the real options
value is calculated as $19.03 million using five time-steps. To begin the
analysis, calculate and complete the required values.
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The first lattice, the lattice of the underlying asset, is shown next. No-
tice that for a chooser option like this example, no closed-form models are
available. The best that an analyst can do is to use the binomial approach.
Calculate and complete the underlying asset lattice.

The second step is to calculate the option valuation lattice as shown
below using the values calculated in the underlying asset lattice. Calculate
the value of the chooser option by completing the option valuation lattice.

Stepping Time
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Underlying Asset Lattice

Asset
$100

Asset × up
$100 × 1.1618 = $116.2

Asset × up × down4

$100 × 1.1618 × 0.86074= $63.8

Asset × up × down3

$100 × 1.1618 × 0.86073= $74.1

Asset × down5

$100 × 0.86075= $47.2

Asset × up5

$100 × 1.16185 = $211.7

Asset × up2

$100 × 1.16182 = $134.9

Asset × up3

$100 × 1.16183 = $156.8

Asset × up4

$100 × 1.16184 = $182.2

Asset × down × up
$100 × 1.1618 × 0.8607 = 100.0

Asset × down
$100 × 0.8607 = $86.1

Asset × down2

$100 × 0.86072 = $74.1

Asset × down3

$100 × 0.86073 = $63.8

Asset × down4

$100 × 0.86074 = $54.9



We see that the sample terminal node (denoted J) reveals a value of
$255.2, which can be obtained through the value maximization of expan-
sion, contraction, abandonment, and continuation. At the end of 5 years, the
firm has the option to choose how it wishes to continue its existing opera-
tions through these options. Obviously, management will choose the strat-
egy that maximizes profitability. The value of abandoning the firm’s
business unit is $100 million. The value of expansion is

($ ) – $ = $ million

The value of contracting 10 percent of its operations is equivalent to 90
percent of its existing operations plus the $25 million in savings. Hence, the
value of contracting the firm’s operations is

($ ) + $ = million

The value of continuing with existing business operations can be found
in the underlying asset lattice evolution, which is $ million. The
profit-maximizing decision is to expand the firm’s current level of operations
at $ million on that node (denoted J).

Similarly, for the terminal node K, we see that the value of contracting
existing operations at that time is the maximum value of $ million;
that is, by contracting the firm’s operations by 10 percent, the value is

($ ) + $ = $ million
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Option Valuation Lattice

Max(Contract, Expand, Abandon, Open)
Max($146, $155, $100, $159)

Decision: Open at $159

Max(Contract, Expand, Abandon, End)
Max($215, $255, $100, 211)

Decision: Expand at $255

Max(Contract, Expand, Abandon, End)
Max($102, $92, $100, 86)
Decision: Contract at $102

Max(Contract, Expand, Abandon, End)
Max($67, $41, $100, 47)

Decision: Abandon at $100

L

J

M

K



In comparison, continuing operations is valued at $ million, the
abandonment strategy is valued at $ million, and the expansion
strategy is valued at

($ ) – $ = $ million

This result is intuitive because if the underlying asset value of pursuing
existing business operations is such that it is very high based on current
market demand (node J), then it is wise to expand the firm’s current levels
of operation. Otherwise, if circumstances force the value of the firm’s op-
erations down to such a low level as specified by node K, then it is more op-
timal to contract the existing business by 10 percent. At any time below
level K, for instance, at node M, it is better to abandon the business unit
altogether.

Moving on to the intermediate nodes, we see that node L is calculated
as $158.8 million. At this particular node, the firm again has four options:
(1) to expand, (2) to contract, (3) to abandon its operations, or (4) not to ex-
ecute anything, thus keeping these options open for the future. The value of
contracting at that node is 0.9($134.9) + $25 = $146.5 million (rounded).
The value of abandoning the business unit is $100.0 million. The value of
expanding is 1.3($134.99) – $20 = $155.4 million. The value of continuing
is simply the discounted weighted average of potential future option values
using the risk-neutral probability. As the risk adjustment is performed on the
probabilities of future option cash flows, the discounting can be done using
the risk-free rate. That is, for the value of keeping the option alive and open,
we have

[(P)($ ) + (1 – P)($ )]exp[(– )( )] = $158.8 million

which is the maximum value. This assumes a 5 percent risk-free rate rf, and
a time-step dt of 1. Using this backward induction technique, the lattice is
calculated back to the starting point to obtain the value of $ mil-
lion. As the present value of the underlying is $ million, the real
options value is $ million. In comparison, if we use the Black-
Scholes model to solve the problem, we obtain an incorrect value of $14.42
million. If the project is analyzed separately, we get differing and misleading
results as seen here:

Abandonment option only $ 6.32 million
Contraction option only $15.00 million
Expansion option only $14.49 million
Sum of all individual options $35.81 million
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Clearly, valuing a combination of real options by performing them in-
dividually and then summing them yields wildly different and incorrect re-
sults. We need to account for the interaction of option types within the same
project as we have done earlier. The reason why the sum of individual op-
tions does not equal the interaction of the same options is due to the mutu-
ally exclusive and independent nature of these specific options. That is, the
firm can never both expand and contract on the same node at the same time,
or expand and abandon on the same node at the same time, and so forth.
This mutually exclusive behavior is captured using the option to choose
(contract, expand, and abandon) mentioned earlier. If performed separately
on a particular node in the lattice, the expansion option analysis may indi-
cate that it is optimal to expand, while the contraction option analysis may
indicate that it is optimal to contract, and so forth, thereby creating a higher
total value. However, in an option to choose (contract, expand, and aban-
don), the interaction among the three options precludes this higher total
value from happening, and the option is not overvalued, because in the ex-
ample, multiple option executions cannot occupy the same state. However,
in more advanced real options problems, this multiple interaction in a single
state is highly desired.

Exercise: Option to Choose (Contract, Expand, and Abandon) 

Open the Excel file Workbook Exercise (Chooser Option).xls from the en-
closed CD-ROM. Use the input assumptions below and solve this modified
option to choose (contract, expand, and abandon) by completing the three
lattices.
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Creating and Solving a Chooser Option

Asset Value ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Expansion Factor
Expansion Cost ($)
Contraction Factor
Contraction Savings ($)
Salvage Value ($)

$100.00
5.00

7.00%
2.00%

25.00%
5

2.50
$120.00

0.90
$50.00

$100.00

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions



131

Underlying Asset Lattice

Option Valuation Lattice

Decision Lattice



Software Solutions

1. Solve the option to choose (contract, expand, and abandon) problem
using the software. The option value is $19.03 ($119.03 ENPV less $100.00
PV Asset Value).
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2. Recalculate the option value only for an expansion option. The op-
tion value is $14.49 ($114.49 ENPV less $100.00 PV Asset Value).



3. Recalculate the option value only for a contraction option. The op-
tion value is $15.00 ($115.00 ENPV less $100.00 PV Asset Value).
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4. Recalculate the option value only for an abandonment option. The
option value is $6.32 ($106.32 ENPV less $100.00 PV Asset Value).



5. Compare the results of the sum of these three individual options in
Questions 2 through 4 with the results obtained in Question 1 using the op-
tion to choose (contract, expand, and abandon).

a. Why are the results different?
The option to choose is $19.03, compared to $35.81 ($14.49

+ $15.00 + $6.32) for the sum of all three individual options. The
results are different because of the mutually exclusive and inde-
pendent characteristics of these real options. That is, at each node,
management can only execute one of three options, not two or
three options at the same time. By valuing the options separately,
for instance, on certain nodes at the terminal period, each of the
three options are executed at the same time, which cannot happen
in reality.

b. Which value is correct?
The option to choose result is correct because it avoids any

complications of redundant option values and multiple option 
executions.

6. Prove that if there are many interacting options, and if there is a sin-
gle dominant strategy, the value of the project’s option value approaches this
dominant strategy’s value; that is, perform the following steps, then compare
and explain the results.

a. Reduce the expansion cost to $1.
Reducing the expansion cost to $1 means that it becomes

more optimal to expand, thereby making expansion the domi-
nant strategy. The resulting option analysis value is $130.48,
which approximates the expansion option value alone, of $129
(the 1.3 expansion factor multiplied by the $100 asset value less
$1 implementation cost). The remaining $1.48 comes from the
other options as well as the errors stemming from using only 5
steps in the binomial lattice.

b. Increase the contraction savings to $100.
With such a high salvage value, it is optimal to abandon the

project more often. Thus, the abandonment option is the domi-
nant strategy. The resulting real options analysis provides a value
of $190 (0.9 contraction factor multiplied by $100 plus the $100
savings value). The rest of the option values are insignificant.

c. Increase the salvage value to $150.
Similarly, with the high salvage value of $150, it is optimal to

abandon the project more often. The resulting value is $150, in-
dicating that abandonment is the optimal strategy.
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d. What inferences can you make based on these results?
If there are a few dominant real options strategies in an analy-

sis, the value of the strategic options approaches these dominant
strategy values. Valuing too many options is sometimes irrelevant
because dominated strategies tend to have little value and will 
not change the results of the analysis.
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COMPOUND OPTIONS

In a compound option analysis, the value of the option depends on the value
of another option. For instance, a pharmaceutical company currently going
through a particular FDA drug approval process has to go through human
trials. The success of the FDA approval depends heavily on the success of
human testing, both occurring at the same time. Suppose that the former
costs $900 million and the latter $500 million. Further suppose that both
phases occur simultaneously and take 5 years to complete. Using Monte
Carlo simulation, you calculate the implied volatility of the logarithmic re-
turns on the projected future cash flows to be 25 percent. The risk-free rate
on a riskless asset for the next 5 years is found to be yielding 7.7 percent.
The drug development effort’s static valuation of future profitability using a
DCF model (in other words, the present value of the future cash flows dis-
counted at an appropriate market risk-adjusted discount rate) is found to be
$1 billion. Do the exercises, answering the questions posed:

1. Solve the simultaneous compound option analytically and using the
software. Recalculate the option value by changing the first cost to
$800, second cost to $600, 7 percent risk-free rate, and 30 percent
volatility. Finally, verify the results using the software (use 5 and 500
steps for comparison).

2. Swap the implementation costs such that the first cost is $500 and the
second cost is $900. Is the resulting option value similar or different?
Why?

3. What happens when part of the cost of the first option is allocated to the
second option? For example, make the first cost $450 and the second
cost $950. Does the result change? Explain.

4. Show how the American Long-Term Call Option Approximation model
can be used to benchmark the results from a simultaneous compound
option.

5. Show how the American Sequential Compound Option model can also
be used to calculate or at least approximate the simultaneous compound
option result. Use the software’s 4D Multiple Sequential Compound
Option model to verify the results.

Analytical Solutions

This section shows the step-by-step calculation involved in obtaining the
compound option value. For simplicity, assume that the maturity is 3 years
rather than 5 years. Solve the simultaneous compound option by first com-
pleting the calculations on stepping time and step sizes.
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Then complete the underlying asset lattice. The only required computation
here is the up and down step sizes calculated previously.
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Stepping Time
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

The second step involves the calculation of the intermediate equity lat-
tice seen below. We see that the sample terminal node (denoted N) reveals a
value of $1,559.6, which can be obtained through the value maximization
of executing the option or not, thereby letting the option expire worthless.
The value of the option is

$ – $ = $ million

The profit-maximizing value is determined using

MAX[ ; ]

which yields $ million.
Moving on to the intermediate nodes, we see that node O is calculated as

$119.6 million. At this particular node, the value of executing the option is

$ – $ = –$ million

Keep in mind that the value $740.8 comes from the lattice of the underlying
asset at the same node as seen previously. The value of continuing is simply the

Underlying Asset Lattice

Asset
$1000.0

Asset × up
$1000 × 1.3499 = $1349.9

Asset × up2

$1000 × 1.34992 = $1822.1

Asset × up3

$1000 × 1.34993 = $2459.6

Asset × down × up
$1000 × 0.7408 × 1.3499 = 1000.0

Asset × down
$1000 × 0.7408 = $740.8



discounted weighted average of potential future option values using the risk-
neutral probability. As the risk adjustment is performed on the probabilities of
future option cash flows, the discounting can be done using the risk-free rate.
That is, for the value of keeping the option alive and open, we have

[(P)($ ) + (1 – P)($ )]exp[(– )( )] = $119.6 million

which is the maximum of the two values. This calculation assumes a 7.7 per-
cent risk-free rate rf, and a time-step dt of 1. Using this backward induction
technique, this first equity lattice is back-calculated to the starting point to
obtain the value of $ million.

138 REAL OPTIONS BUSINESS CASES

Equity Valuation Lattice

Max(Execute, Open)
Max(–$159.2, $119.6)

Decision: Open at $119.6

Max(Execute, 0)
Max($1559.6, $0)

Decision: Execute at $1559.6

O

G

The third step is to calculate the option valuation lattice as shown
below. The valuation of this lattice depends on the intermediate equity lat-
tice seen previously. For instance, in the terminal node P, we see the value of
the option as $1,059.6, which is nothing but the maximization between
zero and the option value. The option value at that node is calculated as

$ – $ = $ million

In node Q, similarly, we see that the value of the option is $0, which is ob-
tained through

MAX[$ ; $ ]

Using backward induction, the value of the compound option is calculated
as $ million (rounded). Notice how this compares to a static deci-
sion value of $1,000 – $900 = $100 million for the first investment.



Exercise: Simultaneous Compound Option

Open the Excel file Workbook Exercise (Simultaneous Option).xls from the
enclosed CD-ROM. Use the input parameters below and solve this modified
simultaneous option by completing the lattices.
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Option Valuation Lattice

Max(Execute, Open)
Max(–$500, $0)

Decision: Open at $0

Max(Execute, 0)
Max($1059.6, $0)

Decision: Execute at $1059.6

Q

P

Creating and Solving a Simultaneous Option

Asset Value ($)
First Cost ($)
Second Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$1,000.00
$800.00
$600.00

5.00
7.00%
0.00%

30.00%
5

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset Lattice
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First Option Valuation Lattice

Decision Lattice (First Option)

Second Option Valuation Lattice



Software Solutions

1. Solve the simultaneous compound option using the software.
The resulting real option analysis value is $231.68 for 5 steps and

$239.37 for 500 steps.
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Decision Lattice (Second Option)

2. Swap the implementation costs such that the first cost is $500 and
the second cost is $900. Is the resulting option value similar or different? Why?

The result remains unchanged because in a simultaneous compound op-
tion, both costs occur at the same time. As long as the total costs for both
options remain the same, the value of the option will remain unchanged.



3. What happens when part of the cost of the first option is allocated to
the second option? For example, make the first cost $450 and the second
cost $950. Does the result change? Explain.

Again, the resulting option value remains unchanged because the total
cost of the simultaneous compound option remains the same.
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4. Show how an American Long-Term Call Option Approximation can
be used to benchmark the results from a simultaneous compound option.

To use the American Long-Term Call Option Approximation model, set
the implementation cost to equal $1,400 or the sum of the two option costs
($900 and $500). This is a good approach to benchmarking the results. The
500-step simultaneous compound option value of $239.37 approaches the
American closed-form call option approximation result of $239.40. As will
be seen in question 5, the results from a simultaneous compound option
with 1,000 steps approaches the closed-form value.
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5. Show how the American Sequential Compound Option model can
also be used to calculate or at least approximate the simultaneous com-
pound option result. Use the software’s 4D Multiple Sequential Compound
Option model.

Using the 4D Multiple Sequential Compound Option model, a 100-step
analysis yields $238.45 and $239.41 for 1,000 steps. The latter result ap-
proaches the American closed-form option approximation of $239.40.



CLOSED-FORM COMPOUND OPTIONS

Compound options can also be analyzed using closed-form models rather
than binomial lattices. In theory, the results obtained from binomial lattices
have to approach closed-form models. As additional practice, do these ex-
ercises, answering the questions that are posed:

1. Using the American Simultaneous Compound Option model in the soft-
ware, obtain the option value of an asset worth $1,000, 50 percent
volatility, 5 years to maturity, and an assumed 5 percent risk-free rate.
Further assume that the costs of the first and second options are both
$500. Show the value obtained using a 5-step lattice and a 100-step
super lattice analysis.

2. Compare the answers in the first exercise by using the Compound Op-
tions on Options closed-form model. Note that to approximate and
benchmark a simultaneous compound option, you must set the time to
maturity for the option on option as 4.9999 years and set the time to ma-
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turity of the underlying asset as 5.0000 years, because the Compound
Options on Options model only directly calculates sequential compound
options, not simultaneous compound options.

3. Compare the answers using the 4D Multiple Sequential Compound Op-
tion model with 1,000 steps.

4. Now, suppose the compound option occurs in sequence and not simul-
taneously. That is, assume that the underlying time is now 4 years and
the option time is 2 years. All other input parameters are identical.
a. Use the American Sequential Compound Option model to calculate the

new option value (use 5 steps and 1,000 steps in the binomial lattice).
b. Confirm your results using the Compound Options on Options model.
c. Confirm your results again using the 4D Multiple Sequential Com-

pound Option model.

Software Solutions

1. Using the American Simultaneous Compound Option model in the
software, obtain the option value of an asset worth $1,000, 50 percent volatil-
ity, 5 years to maturity, and an assumed 5 percent risk-free rate. Further, as-
sume that the costs of the first and second options are both $500. Show the
value obtained using a 5-step lattice and a 100-step super lattice analysis.

The 5-step lattice shows a value of $510, as compared to $495 when
using 100 steps. The closed-form compound option benchmark also yields
a value of $495.
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2. Compare the answers in the first exercise by using the Compound
Options on Options closed-form model. Note that to approximate and
benchmark a simultaneous compound option, you must set the time to ma-
turity for the option on option as 4.9999 years and set the time to maturity
of the underlying asset as 5.0000 years, because the Compound Options on
Options model only directly calculates sequential compound options, not si-
multaneous compound options.

As shown earlier, the closed-form compound option shows a value of $495.
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3. Compare the answers using the 4D Multiple Sequential Compound
Option model with 1,000 steps.

The 4D Multiple Sequential Compound Option model simply extends
the sequential compound option to include up to 10 phases. Therefore, with
2 phases, the resulting option value of $495 is identical to those previously
calculated.

4. Now, suppose the compound option occurs in sequence and not si-
multaneously, that is, assume that the underlying time is now 4 years and the
option time is 2 years. All other input parameters are identical.



a. Use the American Sequential Compound Option model to calcu-
late the new option value (use 5 steps and 1,000 steps in the bi-
nomial lattice).
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b. Confirm your results using the Compound Options on Options
model.

c. Confirm your results again using the 4D Multiple Sequential Com-
pound Option model.



SEQUENTIAL COMPOUND OPTION

A sequential compound option exists when a project has multiple phases
and later phases depend on the success of previous phases. Suppose a proj-
ect has two phases, of which the first has a 1-year expiration that costs
$500 million. The second phase’s expiration is 3 years and costs $700 mil-
lion. Using Monte Carlo simulation, the implied volatility of the logarithmic
returns on the projected future cash flows is calculated to be 20 percent. The
risk-free rate on a riskless asset for the next 3 years is found to be yielding
7.7 percent. The static valuation of future profitability using a DCF model—
in other words, the present value of the future cash flows discounted at an
appropriate market risk-adjusted discount rate—is found to be $1,000 mil-
lion. Do these exercises, answering the questions that are posed:

1. Solve the sequential compound option analytically using a three-step lat-
tice. Recalculate the option value by changing the asset value to $500,
first cost to $300, second cost to $20, 7 percent risk-free rate, and 25 per-
cent volatility. Finally, use the Real Options Analysis Toolkit software to
solve the initial problem—use five steps instead of three steps and explain
why there is a difference in results as well as why a five-step lattice is not
the right approach.

2. Change the sequence of the costs, that is, set the first phase’s cost to
$700 and the second phase’s cost to $500. For simplicity, keep five
time-steps on the lattice. Compare your results to the initial problem.
Explain what happens.

Analytical Solutions

The following figures show the results of your analysis using a binomial ap-
proach, using five time-steps. Solve the expansion option by first completing
the calculations on stepping time and step sizes.
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Stepping Time
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Then verify the underlying asset lattice. The only required computation here
is the up and down step sizes calculated previously.



The next step is to calculate the intermediate equity lattice of the second
option. The analysis requires the calculation of the longer-term option first
and then the shorter-term option because the value of a compound option is
based on another option. At node R, the value is $1,122.1 million because
it is the maximum between zero and executing the option through

$ – $ = $ million

The intermediate node S is $ million, its being the maximum be-
tween executing the option

$ – $ = –$ million

and keeping the option open with

[(P)($ ) + (1 – P)($ )]exp[(– )( )] = $71.3 million

which is the maximum value.
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Underlying Asset Lattice

Asset
$1000

Asset × up
$1000 × 1.2214 = $1221.4

Asset × up2

$1000 × 1.22142 = $1491.8

Asset × up3

$1000 × 1.22143 = $1822.1

Asset × up2 × down1

$1000 × 1.22142 × 0.8187 = $1221.4

Asset × up1 × down2

$1000 × 1.22141 × 0.81872 = $818.7

Asset × down × up
$1000 × 0.8187 × 1.2214 = 1000.0

Asset × down
$1000 × 0.8187 = $818.7

Asset × down2

$1000 × 0.81872 = $670.3

Asset × down3

$1000 × 0.81873 = $548.8

Equity Valuation Lattice

Max(Execute, Open)
Max(–$30, $71)

Decision: Open at $71

Max(Execute, 0)
Max($1122, $0)

Decision: Execute at $1122

S

R



Next, the option valuation on the shorter-term option is performed.
The analysis on this lattice depends on the lattice of the second, longer-term
option as shown previously. For instance, node T has a value of $121.3 mil-
lion, which is the maximum between zero and executing the option

$ – $ = $ million

Continuing with the calculation back to the starting value, the simultaneous
option value is calculated to be $ .
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Exercise: Sequential Compound Option

Open the Excel file Workbook Exercise (Sequential Option).xls from the en-
closed CD-ROM. Use the input assumptions below and solve this modified
sequential option by completing the lattices.

Equity Valuation Lattice

Max(Execute, 0)
Max($121, $0)

Decision: Execute at $121

T

Creating and Solving a Sequential Option

Asset Value ($)
Underlying Cost ($)
Option Cost ($)
Maturity (Years)
Option Time (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$500.00
$300.00
$20.00

5.00
3.00

7.00%
0.00%

25.00%
5

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions
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Underlying Asset Lattice

Second Phase Option Valuation Lattice

Decision Lattice (Second Phase)
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First Phase Option Valuation Lattice

Decision Lattice (First Phase Option)

Combined Decision Lattice

Phase IIPhase I



Software Solutions

1. Use the Real Options Analysis Toolkit software. Use five steps in-
stead of three steps and explain why there is a difference in results as well as
why a five-step lattice is not the right approach.

The value of the option is $87.05. Using a five-step lattice here is inap-
propriate as the stepping time (δt) is 0.6 and the first phase’s time to execution
of 1.0 years cannot fall precisely on a node. Instead, the model has to ap-
proximate this result by either rounding up or rounding down to the next ap-
propriate step. Thus, the accuracy of the results will be compromised. Instead,
use an n-step lattice whose stepping time is perfectly divisible by both phases.
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2. Change the sequence of the costs. That is, set the first phase’s cost to
$700 and the second phase’s cost to $500. For simplicity, keep five time-
steps on the lattice. Compare your results. Explain what happens.

The value of the option now becomes $78.17. This result is intuitive be-
cause the first phase costs more ($700), the hedging effect that phasing the
options provides becomes less effective. For instance, the option value in the
previous exercise was higher ($87.05) because the first phase only required
a $500 implementation cost, thereby providing a larger hedge for the higher
$700 future payout.



CHANGING COSTS

A modification to the option types we have thus far been discussing is the
idea of changing costs (strikes); that is, implementation costs for projects
may change over time. Putting off a project for a particular period may
mean a higher cost. Keep in mind that changing strikes can be applied to any
previous option types as well; in other words, one can mix and match dif-
ferent option types. Suppose implementation of a project in the first year
costs $80 million but increases to $90 million in the second year due to ex-
pected increases in the cost of raw materials and input costs. Using Monte
Carlo simulation, you calculate the implied volatility of the logarithmic re-
turns on the projected future cash flows to be 50 percent. The risk-free rate
on a riskless asset for the next 2 years is found to be yielding 7 percent. The
static valuation of future profitability using a DCF model (in other words,
the present value of the future cash flows discounted at an appropriate mar-
ket risk-adjusted discount rate) is found to be $100 million. Do these exer-
cises, answering the questions that are posed:

1. Solve the changing costs option analytically. Recalculate the option
value by changing the asset value to $400, cost to $250 growing at 10
percent annually, 8 percent risk-free rate, 35 percent volatility, and 2 per-
cent dividends. Finally, calculate the initial changing cost option using
the Real Options Analysis Toolkit software by changing the maturity to
5 years instead of 2 years.

2. Rerun the analysis after changing the first year’s costs to $90 million
and the second year’s costs to $80 million. Explain the results. Are they
intuitive? Explain the differences if Monte Carlo simulation is used in-
stead to capture changing or uncertain costs.

Analytical Solutions

Solve the changing cost option by first completing the calculations on step-
ping time and step sizes.
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Stepping Time
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Then complete the underlying asset lattice. The only required computation
here is the up and down step sizes calculated previously.



The next graphic shows the stepwise calculations on an option with
changing strike prices. The value of the call option on changing strikes 
is $ million. Compare this to a naive static DCF model’s NPV of
$ million for the first year and $ million for the second
year.
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Underlying Asset Lattice

Asset
$100.0

Asset × up
$100 × 1.6487 = $164.9

Asset × down × up
$100 × 1.6487 × 0.6065 = 100.0

Asset × down
$100 × 0.6065 = $60.7

Option Valuation Lattice

Exercise: Changing Costs Option

Open the Excel file Workbook Exercise (Changing Costs).xls from the en-
closed CD-ROM. Use the input assumptions below and solve this modified
changing costs option by completing the lattices.

Creating and Solving a Changing Cost Option

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Cost Growth Rate (%)

$400.00
$250.00

5.00
8.00%
2.00%

35.00%
5

10.00%

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions
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Underlying Asset Lattice

Implementation Costs

Option Valuation Lattice

Decision Lattice



Software Solutions

1. Solve the changing costs option using the software. However, change
the maturity to 5 years instead of 2 years for the software. Use the binomial
lattice of five steps. The calculated option value is $56.51.
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2. Rerun the analysis after changing the first year’s cost to $90 and the
second through fifth years’ costs to $80. Explain the results. Are they intuitive?

The new option value is $59.34. The results are somewhat counterintu-
itive because the higher cost up front actually increases the value of the option.
The reason this increase occurs is that the lower costs in the future ($80) occur
for more years (years 2 through 5). This lower averaging effect reduces the
total cost on the option, and increases the value of the overall option. Monte
Carlo is used if cost is fixed but uncertain. A changing cost option is used
when the cost changes. Monte Carlo can be used on both fixed cost or chang-
ing cost options.



CHANGING VOLATILITY

Instead of changing strike costs over time, in certain cases volatility on cash-
flow returns may differ over time. Assume a 2-year option in which volatil-
ity is 20 percent in the first year and 30 percent in the second year. In this
circumstance, the up and down factors are different over the two time peri-
ods. Thus, the binomial lattice will no longer be recombining. Assume an
asset value of $100, implementation costs of $110, and a risk-free rate of 10
percent. (Note that changing volatility options can also be solved analyti-
cally using nonrecombining trees—see the section on Nonrecombining Lat-
tices later in this chapter.)

1. Solve the problem analytically. Then solve the changing volatility option
using recombining lattices in the exercise. Finally, verify the original re-
sults using the Real Options Analysis Toolkit software (use five steps).

2. Change the first volatility to 30 percent and the second to 20 percent.
What happens?

Analytical Solutions

Instead of changing strike costs over time, in certain cases, volatility on
cash-flow returns may differ over time. The calculations can be seen in the
following figures, for a 2-year option where volatility is 20 percent in the
first year and 30 percent in the second year. In this case, the up and down
factors are different over the two time periods. Thus, the binomial lattice
will no longer be recombining. Solve the changing volatility option by first
completing the calculations on stepping time and step sizes.
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Stepping Time
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

First Phase Second Phase

Then verify the underlying asset lattice. The only required computation here
is the up and down step sizes calculated previously.



Next, calculate and complete the option valuation lattice. Similar cal-
culations are performed for an option with changing volatilities as for other
option types. However, remember that the risk-neutral probability (p)
changes over time when volatility changes. Using this backward induction
technique, this option valuation lattice is back-calculated to the starting
point to obtain the value of $ million, as compared to the static net
present value of $ million.
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Underlying Asset Lattice

Asset
$100.0

Asset × up (1)
$100 × 1.2214 = $122.1

Asset × up (1) × up (2)
$100 × 1.2214 × 1.3499 = 164.8

Asset × up (1) × down (2)
$100 × 1.2214 × 0.7408 = 90.5

Asset × down (1) × up (2)
$100 × 0.8187 × 1.3499 = 110.5

Asset × down (1) × down (2)
$100 × 0.8187 × 0.7408 = 60.6

Asset × down (1)
$100 × 0.8187 = $81.87

Option Valuation Lattice



Exercise: Changing Volatility Option

Open the Excel file Workbook Exercise (Volatility Recombining).xls from
the enclosed CD-ROM. Use the input assumptions below and solve this
changing volatility option by completing the lattices.
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Creating and Solving a Changing Volatility Option

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
New Volatility (%
New Volatility Step

$100.00
$90.00

5.00
7.00%
0.00%

30.00%
5

45.00%
3

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset Lattice



Software Solutions

1. Solve the problem using the software with five steps. The option
value is $20.32.
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Option Valuation Lattice



2. Change the first volatility to 30 percent and the second to 20 percent.
What happens? The value of the option decreases.
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OPTION TO CONTRACT AND ABANDON

1. Solve the following Contraction and Abandonment option: Asset value
of $100, 5-year economic life, 5 percent annualized risk-free rate of re-
turn, 25 percent annualized volatility, 25 percent contraction with a
$25 savings, and a $70 abandonment salvage value.

2. Show and explain what happens when the salvage value of abandon-
ment far exceeds any chances of a contraction. For example, set the sal-
vage value at $200.

3. In contrast, set the salvage value back to $70 and increase the contrac-
tion savings to $100. What happens to the value of the project?

4. Solve just the contraction option in isolation, that is, set the contraction
savings to $25 and explain what happens. Change the savings to $100
and explain the change in results. What can you infer from dominant
option strategies?

5. Solve just the abandonment option in isolation, that is, set the salvage
value to $70, and explain what happens. Change the salvage value to
$200, and explain the change in results. What can you infer from dom-
inant option strategies?



Software Solutions

1. Solve the following Contraction and Abandonment option: Asset
value of $100, 5-year economic life, 5 percent annualized risk-free rate of re-
turn, 25 percent annualized volatility, 25 percent contraction with a $25
savings, and a $70 abandonment salvage value.

The value of the project is $104.31, where $100 comes from the NPV
and $4.31 comes from the real options value. By having a safety net to con-
tract and abandon during a downturn, the value of the project is higher than
the NPV.
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2. Show and explain what happens when the salvage value of aban-
donment far exceeds any chances of a contraction. For example, set the sal-
vage value at $200.

With an asset value of $100 and a salvage value of $200, it is optimal
to abandon more frequently. Thus, the abandonment option is the dominant
strategy in this example. Therefore, the value of the project is $200. Care
should be taken when interpreting the quasi-decision lattice because the first
node shows abandonment, which implies that the dominant strategy is to
abandon immediately. All other nodes should also imply abandonment.
However, these abandonment decisions are options, not obligations. Al-
though it is optional to abandon, management may not do so, thus keeping
the option open for the future.



3. In contrast, set the salvage value back to $70, and increase the con-
traction savings to $100. What happens to the value of the project?

The dominant strategy now is the contraction option. Thus, it is optimal
to exercise the contraction option more often. Therefore, the value of the
project approaches the contraction option value of $175 (a 75 percent con-
traction factor on $100 asset value yields $75, plus the contraction savings
of $100).
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4. Solve just the contraction option in isolation, that is, set the con-
traction savings to $25 and explain what happens. Change the savings to
$100 and explain the change in results. What can you infer from dominant
option strategies?

Using $25 for savings, the resulting contraction option value of $103.35
is less than the combined contraction and abandonment option value of
$104.31.
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When savings is increased to $100 for the contraction option, this op-
tion becomes the dominant strategy. That is, for a $100 asset value, it is
highly profitable to contract existing operations by 25 percent to obtain an
additional $100 savings at all times. The value of the contraction option is
the 75 percent reduced capacity ($75) plus the additional savings ($100),
yielding $175. This result is important because the contraction and aban-
donment option value approaches a contraction option when it is the dom-
inant strategy.



5. Solve just the abandonment option in isolation, that is, set the sal-
vage value to $70, and explain what happens. Change the salvage value to
$200, and explain the change in results. What can you infer from dominant
option strategies?

The $103.21 option result is less than the combined contraction and
abandonment option analysis value. This result is to be expected because the
combined option analysis should yield a higher strategic option value as
compared to the individual abandonment option.
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When the salvage value is increased to $200, the abandonment option be-
comes the dominant strategy. Therefore, it becomes more optimal to abandon
earlier. In this case, the lattice nodes indicating where abandoning is optimal
may be irrelevant because the project will almost always be abandoned. The
value of the project becomes $200, the value of the abandonment salvage
value. The decision lattice is correct (the first node says abandon but future
nodes say continue) as abandonment nodes are options, not obligations. It
may be optimal to abandon early, but management may not do so, leaving the
ability to do other things in the future.
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BASIC BLACK-SCHOLES WITH DIVIDENDS

The Black-Scholes equation is applicable for analyzing European-type op-
tions, that is, options that can be executed only at maturity and not before.
The original Black-Scholes model cannot solve an option problem when
there are dividend payments. However, extensions of the Black-Scholes
model, collectively called the Generalized Black-Scholes models, can accom-
modate a continuous dividend payout for a European Option.

Do the exercises below, answering the questions that are posed, assum-
ing that a European call option’s asset value and strike cost are $100, sub-
ject to 25 percent volatility. The maturity on this option is 5 years, and the
corresponding risk-free rate on a similar asset maturity is 5 percent.



1. Using the software, calculate the European call option.
2. Compare your results using 5, 10, 50, 100, 300, 500, 1,000, and 5,000

steps in the super lattice routine. Explain what happens when the num-
ber of steps gets higher.

3. Now assume that a continuous dividend payout yielding 3 percent ex-
ists. What happens to the value of the option?

4. Show that the value of an American option is identical to the European
option when no dividends are paid; that is, it is never optimal to execute
an American call option early when no dividend payouts exist.

5. Show that as a 3 percent dividend yield exists, the value of the Ameri-
can call option exceeds the value of a European option. Why is this so?

Software Solutions

1. Using the software, calculate the European call option.
The value of the European option is $33.16 using a five-step binomial

approach and $32.50 using the Black-Scholes model.
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2. Compare your results using 5, 10, 50, 100, 300, 500, 1,000, and
5,000 steps in the super lattice routine. Explain what happens when the
number of steps gets higher.



The value of the binomial lattice calculated option value approaches the
closed-form Black-Scholes model value of $32.50 as the number of steps is
increased.

Super Lattice 5 Steps = $33.1635
Super Lattice 10 Steps = $31.9863
Super Lattice 50 Steps = $32.3992
Super Lattice 100 Steps = $32.4515
Super Lattice 300 Steps = $32.4864
Super Lattice 500 Steps = $32.4934
Super Lattice 1,000 Steps = $32.4987
Super Lattice 5,000 Steps = $32.5092

The following graph charts the progression of number of steps (x-axis)
and the resulting option value (y-axis) from a binomial lattice. The dotted
horizontal line shows the value obtained from a Black-Scholes model. No-
tice that as the number of steps gets larger, the values obtained from bino-
mial lattices approach the closed-form Black-Scholes model. However,
initially, values from binomial lattices may fluctuate wildly around the
closed-form results, thus sometimes overestimating and sometimes underes-
timating the true value of the option. Care should be taken when interpret-
ing the binomial results if too few steps are used.
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3. Now assume that a continuous dividend payout yielding 3 percent
exists. What happens to the value of the option?

A continuous dividend payout erodes the underlying asset’s par value
over time. Therefore, the value of the option decreases.



4. Show that the value of an American option is identical to the Euro-
pean option when no dividends are paid; that is, it is never optimal to exe-
cute an American call option early when no dividend payouts exist.

The value of the American Long-Term Call Option Approximation
yields an identical value ($32.50) to that in the Black-Scholes model.
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5. Show that as a 3 percent dividend yield exists, the value of the Amer-
ican call option exceeds the value of a European option. Why is this so?

The value of an American option exceeds the value of a European op-
tion because the former can be executed at any time up to its maturity.
When no dividends exist, it is never optimal to execute an American call op-
tion early, because it is always more valuable to wait until the last possible
moment to execute the option. Therefore, the value of an American option
reverts to the value of a European option. However, when dividend pay-
ments exist, that is, when the value of the underlying asset erodes through
the passage of time, it becomes optimal to execute the option earlier, prior
to termination. Therefore, the value of the added ability to execute the op-



BARRIER OPTIONS

Barrier options are combinations of call and put options such that they be-
come in-the-money or out-of-the-money when the asset value breaches an
artificial barrier.

Standard single upper-barrier options can be call-up-and-in, call-up-and-
out, put-up-and-in, and put-up-and-out. Standard single lower-barrier op-
tions can be call-down-and-in, call-down-and-out, put-down-and-in, and
put-down-and-out. Double barrier options are combinations of standard sin-
gle upper- and lower-barrier options. Barrier options can be solved using the
Custom Lattice module in the software by applying conditional IF, AND,
OR nested statements within the traditional MAX function in Excel. How-
ever, for simplicity, the examples here use the closed-form model instead.

1. Using the Double Barrier Option model, change each input parameter,
and explain the effects on the up-and-in and down-and-in call option,
up-and-in and down-and-in put option, up-and-out and down-and-out
call option, and up-and-out and down-and-out put option. Explain your
observations when the barrier levels change or when volatility increases.

2. Replicate the analysis using a Standard Lower-Barrier Option model.
3. Replicate the analysis using a Standard Upper-Barrier Option model.
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tion early, as in an American option, is worth more. Using the American
Long-Term Call Option Approximation model, the value of the American
call option is $22.64 (closed-form) and $22.77 (1,000-step binomial).



Exercise: Barrier Option

Open the Excel file Workbook Exercise (Barrier Option).xls from the en-
closed CD-ROM. Using the input assumptions below, calculate the up-and-
in call option using binomial lattices. Verify that the result is $93.82 using a
five-step lattice, as compared to $94.79 using the closed-form model in the
software.
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Creating and Solving a Barrier Option (Up and In Call)

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Barrier ($)

$200.00
$150.00

5.00
5.00%
0.00%

30.00%
5

$220.00

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset Lattice

Option Valuation Lattice



Software Solutions

1. Using the Double Barrier Option model, change each input param-
eter and explain the effects on the up-and-in and down-and-in call option,
up-and-in and down-and-in put option, up-and-out and down-and-out call 
option, and up-and-out and down-and-out put option (see Table 6.1). Ex-
plain your observations when the barrier levels change or when volatility 
increases.

A higher lower-barrier value implies that it is easier to breach with the
same level of asset fluctuation. Therefore, the down-and-in options will be
worth more because the chances of these options being kicked into-the-
money has increased, while the down-and-out options will be worth less
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Decision Lattice

TABLE 6.1 Correlations Between Input Parameters and Each of the Option Values

Call Up- Put Up- Call Up- Put Up-
and-In, and-In, and-Out, and-Out,
Down- Down- Down- Down-

Input Parameters and-In and-In and-Out and-Out

Asset Value + – – –
Implementation Cost – + – +
Lower Barrier + + – –
Upper Barrier – – + +
Time to Maturity + + – –
Risk-free Rate + – – –
Dividend Rate – – – –
Volatility + + – –



because they are more prone to be kicked out-of-the-money. In contrast, a
higher upper-barrier value means that it is more difficult to breach this
upper barrier. Thus, the up-and-in options will be worth less, and the up-
and-out options will be worth more, because the former will have a lesser
chance of coming into-the-money while the latter options will have a higher
chance of staying in-the-money. Higher volatilities with unchanged levels of
barriers imply a higher chance of breaching both upper and lower barriers,
which means that up-and-in as well as down-and-in options are worth more,
because they will be more frequently kicked into-the-money. In contrast, up-
and-out as well as down-and-out options are worth less because they will be
more frequently kicked out-of-the-money.
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2. Replicate the analysis using a Standard Lower-Barrier Option model.



STOCHASTIC TIMING OPTIONS

Stochastic timing options are very powerful tools in real options analysis.
Please refer to my previous book, Real Options Analysis, for a detailed dis-
cussion of the specifics. Briefly, a timing option provides the holder the op-
tion to defer making an investment decision until a later time without much
restriction; that is, competitive or market effects (market share erosion, first
to market, strategic positioning, etc.) have negligible effect on the value of
the project. Assuming that this situation holds true, then shifting a project
for execution in the future depends on only two factors: (1) the rate of
growth of the asset over time; and (2) the discount rate or rate of erosion of
the time value of money. For instance, putting off a project to the future pro-
vides a higher return due to the growth rate in asset over time, but at the
same time, returns are eroded because value obtained in the future is less
valuable than value obtained today by virtue of time value. A highly simpli-
fied example includes when to cut down a tree for its lumber. If the tree’s
growth rate is substantial, the longer we wait, the more wood can be ob-
tained. However, the higher the discount rate, the cost of money, or oppor-
tunity cost, the sooner the tree should be cut down. Therefore, what is the
optimal time to wait before cutting down the tree?

Table 6.2 illustrates an example of stochastic timing options, where if
the asset value at Time 0 is equivalent to the implementation cost $100, the
discount rate is assumed to be 25 percent, and the corresponding risk-free
rate is 5.5 percent, the calculated optimal time to execution is 4.52 years.
Notice that the period 4.52 years provides the maximum NPV. Hence, this
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3. Replicate the analysis using a Standard Upper-Barrier Option model.



maximum NPV of $9.12 is the option value of waiting, as compared to
$100 – $100 = $0 NPV if the project is executed immediately. The analysis
is manually verified by shifting the asset value out to the corresponding
times of execution. The maximum value is obtained at 4.52 years. The same
results can be obtained using the software’s Stochastic Timing Option
model.

Complete these exercises:

1. Solve the stochastic timing option using the software.
2. Create a table indicating different growth rates and discount rates. Show

what happens to the profitability index as measured by the optimal trig-
ger values and optimal timing.

Software Solutions

1. Solve the stochastic timing option using the software.
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TABLE 6.2 Optimal Timing Option with Maximum
Calculated NPV

NPV
Time ($)

1.00 4.40
2.00 7.05
3.00 8.47
4.00 9.05
4.52 9.12 This is the maximum NPV
5.00 9.07
6.00 8.72
7.00 8.16
8.00 7.48

Notes: Assumptions are Asset Value at time 0 is $100; Fixed
Implementation Cost is $100; Discount Rate 25%; Growth Rate of
Underlying Asset 5.5%; Calculated Optimal Time to Execution 4.52.



2. Create a table indicating different growth rates and discount rates.
Show what happens to the profitability index as measured by the optimal
trigger values and optimal timing.

Tables 6.3 and 6.4 show the optimal timing to execute an option given
the respective growth and discount rates. Notice in Table 6.3 that as dis-
count rates increase, holding the growth rate constant, it is more optimal to
execute the option earlier, because the time value of money of opportunity
cost losses in revenues surpasses the growth rate in asset value over longer
periods of time. In contrast, when holding the discount rate constant and in-
creasing the growth rate, it is clear that waiting is more optimal than imme-
diate execution, because the growth rate in asset value appreciation far
surpasses the discount rate’s opportunity cost of lost revenues. For example,
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TABLE 6.3 Optimal Timing for Different Growth and Discount Rates

Discount Rate
(%) 1.00% 2.00% 3.00% 4.00% 5.00%

10 10.54 11.16 11.89 12.77 13.86
15 6.90 7.16 7.44 7.75 8.11
20 5.13 5.27 5.42 5.58 5.75
25 4.08 4.17 4.26 4.36 4.46
30 3.39 3.45 3.51 3.58 3.65
35 2.90 2.94 2.99 3.03 3.08
40 2.53 2.56 2.60 2.63 2.67

Note: Investment Cost is $100 and Asset Value is $100.

Growth Rates



in Table 6.4, assuming a 10 percent discount rate and a 1 percent growth
rate, if a project’s asset value exceeds the implementation cost by a ratio of
1.111, or if the net profit exceeds the implementation cost by 11.1 percent, it
is optimal to execute the project immediately; otherwise, it is optimal to wait.

SWITCHING OPTION

A switching option looks at the flexibility of being able to switch resources,
assets, or technology. This ability to switch technology provides added value
to a project as a risk-hedging mechanism, in case the value of another tech-
nology or project becomes more profitable in the future, subject to a switch-
ing cost.

1. Calculate the value of switching technologies, assuming that the first tech-
nology is worth $100, but the second is worth only $90. Assume a 5-year
maturity, 10 percent switching costs, and a negligible 0.001 percent risk-
free rate. The first asset has a volatility of 20 percent, while the second has
35 percent volatility. Further, assume a cross-correlation coefficient of
–0.2. How does the switching option compare with a static NPV?

2. Change the correlation coefficient to +0.2. What happens to the value of
the switching option? Explain.

3. Run a series of switching-option calculations. Change the input param-
eters and explain what happens to the value of the switching option:
a. Second asset’s volatility
b. Present value of the first asset
c. Present value of the second asset
d. Cost multiplier
e. Time to expiration
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TABLE 6.4 Profitability Indexes for Different Growth and Discount Rates

Discount Rate
(%) 1.00% 2.00% 3.00% 4.00% 5.00%

10 1.111 1.250 1.429 1.667 2.000
15 1.071 1.154 1.250 1.364 1.500
20 1.053 1.111 1.176 1.250 1.333
25 1.042 1.087 1.136 1.190 1.250
30 1.034 1.071 1.111 1.154 1.200
35 1.029 1.061 1.094 1.129 1.167
40 1.026 1.053 1.081 1.111 1.143

Note: Investment Cost is $100 and Asset Value is $100.

Growth Rates



Software Solutions

1. Calculate the value of switching technologies, assuming that the first
technology is worth $100, but the second is worth only $90. Assume a 5-
year maturity, 10 percent switching costs, and a negligible 0.001 percent
risk-free rate. The first asset has a volatility of 20 percent, while the second
has 35 percent volatility. Further, assume a cross-correlation coefficient of
–0.2. How does the switching option compare with a static NPV?

The calculated value is $28.17. The real option value is $48.17 (after ac-
counting for the –$20 NPV). Although it costs $10 to switch (10 percent on
$100) from the first, profitable asset ($100), to the second, less profitable
asset ($90), there is strategic value because the volatility on the second asset
is higher. There is a chance that the second asset’s value may overtake the
first asset’s value. In addition, due to the negative correlation coefficient, the
ability to switch to the second asset provides a risk-diversification effect for
the first asset, making the flexibility to switch valuable. Compare this to an
NPV of –$20 if switching immediately ($10 loss switching from $100 to $90
plus the added $10 switching cost).
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2. Change the correlation coefficient to +0.2. What happens to the
value of the switching option? Explain.

A positive correlation provides less risk diversification and therefore re-
duces the value of the switching option. The ability to switch use is impor-
tant if both assets move inversely with each other. That is, when the existing



3. Run a series of switching option calculations. Change the input pa-
rameters and explain what happens to the value of the switching option:

a. Second asset’s volatility
b. Present value of the first asset
c. Present value of the second asset
d. Cost multiplier
e. Time to expiration

Panels A through E in Table 6.5 illustrate the relationships between the
value of a switching option from an old technology to a new technology and
its corresponding input parameters. For example, in Panel A, where the
present values of both technologies are currently on par with each other and
the volatility is very close to 0 percent (with this negligible uncertainty, the
value of the option is close to $0, similar to the static NPV of $0 because
there is no point in being able to switch technology if the values of both tech-
nologies are identical). In contrast, when volatility increases slightly in the
second technology, the value of being able to switch to this second technol-
ogy increases. The rest of the examples are fairly self-explanatory.
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asset value decreases, the option holder will switch use to the second asset
whose value is increasing, due to the negative correlation.



TABLE 6.5 Switching Options with Corresponding Input Parameters

PANEL A: The higher the volatility of the new technology, the greater the value of the 
ability to switch technology

PV First Asset 100.00 100.00 100.00 100.00 100.00 100.00
PV Second Asset 100.00 100.00 100.00 100.00 100.00 100.00
First Asset Volatility 0% 1% 1% 1% 1% 1%
Second Asset Volatility 0% 1% 2% 3% 4% 5%
Correlation between Assets 0.00 0.00 0.00 0.00 0.00 0.00
Cost Multiplier 0.00 0.00 0.00 0.00 0.00 0.00
Time to Maturity 1.00 1.00 1.00 1.00 1.00 1.00
Risk-free Rate 0% 0% 0% 0% 0% 0%
Portfolio Volatility 0.00 0.01 0.02 0.03 0.04 0.05
Switching Option Value 0.01 0.56 0.89 1.26 1.64 2.03
Static NPV 0.00 0.00 0.00 0.00 0.00 0.00

PANEL B: The higher the value of the original technology, the lower the value of the
ability to switch technology

PV First Asset 100.00 110.00 120.00 130.00 140.00 150.00
PV Second Asset 100.00 100.00 100.00 100.00 100.00 100.00
First Asset Volatility 10% 10% 10% 10% 10% 10%
Second Asset Volatility 10% 10% 10% 10% 10% 10%
Correlation between Assets 0.00 0.00 0.00 0.00 0.00 0.00
Cost Multiplier 0.00 0.00 0.00 0.00 0.00 0.00
Time to Maturity 1.00 1.00 1.00 1.00 1.00 1.00
Risk-free Rate 0% 0% 0% 0% 0% 0%
Portfolio Volatility 0.14 0.14 0.14 0.14 0.14 0.14
Switching Option Value 5.64 2.21 0.72 0.20 0.05 0.01
Static NPV 0.00 –10.00 –20.00 –30.00 –40.00 –50.00

PANEL C: The higher the value of the new technology, the higher the value of the ability
to switch technology

PV First Asset 100.00 100.00 100.00 100.00 100.00 100.00
PV Second Asset 100.00 110.00 120.00 130.00 140.00 150.00
First Asset Volatility 10% 10% 10% 10% 10% 10%
Second Asset Volatility 10% 10% 10% 10% 10% 10%
Correlation between Assets 0.00 0.00 0.00 0.00 0.00 0.00
Cost Multiplier 0.00 0.00 0.00 0.00 0.00 0.00
Time to Maturity 1.00 1.00 1.00 1.00 1.00 1.00
Risk-free Rate 0% 0% 0% 0% 0% 0%
Portfolio Volatility 0.14 0.14 0.14 0.14 0.14 0.14
Switching Option Value 5.64 12.21 20.72 30.20 40.05 50.01
Static NPV 0.00 10.00 20.00 30.00 40.00 50.00
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PANEL D: The higher the switching cost, the lower the value of the ability to switch technology

PV First Asset 100.00 100.00 100.00 100.00 100.00 100.00
PV Second Asset 100.00 100.00 100.00 100.00 100.00 100.00
First Asset Volatility 10% 10% 10% 10% 10% 10%
Second Asset Volatility 10% 10% 10% 10% 10% 10%
Correlation between Assets 0.00 0.00 0.00 0.00 0.00 0.00
Cost Multiplier 0.00 0.10 0.20 0.30 0.40 0.50
Time to Maturity 1.00 1.00 1.00 1.00 1.00 1.00
Risk-free Rate 0% 0% 0% 0% 0% 0%
Portfolio Volatility 0.14 0.14 0.14 0.14 0.14 0.14
Switching Option Value 5.64 2.21 0.72 0.20 0.05 0.01
Static NPV 0.00 –10.00 –20.00 –30.00 –40.00 –50.00

PANEL E: The longer the ability to switch, the higher the value of the ability 
to switch technology

PV First Asset 100.00 100.00 100.00 100.00 100.00 100.00
PV Second Asset 100.00 100.00 100.00 100.00 100.00 100.00
First Asset Volatility 10% 10% 10% 10% 10% 10%
Second Asset Volatility 10% 10% 10% 10% 10% 10%
Correlation between Assets 0.00 0.00 0.00 0.00 0.00 0.00
Cost Multiplier 0.00 0.00 0.00 0.00 0.00 0.00
Time to Maturity 1.00 2.00 3.00 4.00 5.00 6.00
Risk-free Rate 0% 0% 0% 0% 0% 0%
Portfolio Volatility 0.14 0.14 0.14 0.14 0.14 0.14
Switching Option Value 5.64 7.97 9.75 11.25 12.56 13.75
Static NPV 0.00 0.00 0.00 0.00 0.00 0.00



CLOSED-FORM EQUATIONS 
AND BINOMIAL CONVERGENCE

A very interesting stability and convergence test can be performed on bino-
mial lattices. In calculating the value of a European call option, the Black-
Scholes model can be used. In addition, a binomial lattice also can be used
to estimate the option value. Because the binomial lattice in the limit ap-
proaches the closed-form Black-Scholes model for a simple European call
option, the higher the number of steps, the closer the results. In addition, be-
cause a binomial lattice is simply a discrete simulation of closed-form con-
tinuous models, how consistent, reliable, and stable are the results? This is
a valid question because simulations do not always provide exact results as,
by definition, simulations provide randomly assigned inputs and the outputs
that may change from trial to trial.

To answer the question of stability, the Black-Scholes model is used, to-
gether with binomial lattices using 5, 50, 100, and 500 steps. Each model is
then simulated 10,000 times using Crystal Ball Monte Carlo simulation soft-
ware. Table 6.6 shows that the binomial lattice is indeed highly consistent,
reliable, and stable, and that results from a binomial lattice are replicable.
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TABLE 6.6 Convergence and Stability of Binomial Results

Standard 10th 90th
Mean Deviation Percentile Percentile

Black-Scholes 32.41 7.89 22.86 43.17
5-Step Lattice 33.47 8.15 23.54 44.30
50-Step Lattice 32.68 8.04 23.02 43.53
100-Step Lattice 32.68 8.04 22.96 43.57
500-Step Lattice 32.67 8.04 22.95 43.56
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Forecast: Black-Scholes Model with Dividends

Summary:
Certainty Level is 90.00%
Certainty Range is from 20.82 to 46.16
Display Range is from 13.33 to 53.12
Entire Range is from 10.15 to 63.04
After 1,000 Trials, the Std. Error of the Mean is 0.25

Statistics: Value
Trials 1000
Mean 32.41
Median 31.48
Mode —
Standard Deviation 7.89
Variance 62.27
Skewness 0.51
Kurtosis 3.46
Coeff. of Variability 0.24
Range Minimum 10.15
Range Maximum 63.04
Range Width 52.89
Mean Std. Error 0.25

Forecast: Black-Scholes Model (cont’d)

Percentiles:

Percentile Value

0% 10.15
10% 22.86
20% 25.81
30% 27.88
40% 29.74
50% 31.48
60% 33.66
70% 35.97
80% 38.56
90% 43.17

100% 63.04
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Forecast: American Binomial Call (5 Steps)

Summary:
Certainty Level is 90.00%
Certainty Range is from 21.19 to 47.59
Display Range is from 12.42 to 54.86
Entire Range is from 9.99 to 64.05
After 1,000 Trials, the Std. Error of the Mean is 0.26

Statistics: Value
Trials 1000
Mean 33.47
Median 32.65
Mode —
Standard Deviation 8.15
Variance 66.48
Skewness 0.40
Kurtosis 3.33
Coeff. of Variability 0.24
Range Minimum 9.99
Range Maximum 64.05
Range Width 54.06
Mean Std. Error 0.26

Forecast: American Binomial Call (cont’d)

Percentiles:

Percentile Value

0% 9.99
10% 23.54
20% 26.62
30% 28.89
40% 30.88
50% 32.65
60% 34.95
70% 37.29
80% 39.89
90% 44.30

100% 64.05
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Forecast: American Binomial Call (50 Steps)

Summary:
Certainty Level is 90.00%
Certainty Range is from 20.97 to 46.75
Display Range is from 11.38 to 53.99
Entire Range is from 10.14 to 63.98
After 1,000 Trials, the Std. Error of the Mean is 0.25

Statistics: Value
Trials 1000
Mean 32.68
Median 31.67
Mode —
Standard Deviation 8.04
Variance 64.68
Skewness 0.53
Kurtosis 3.48
Coeff. of Variability 0.25
Range Minimum 10.14
Range Maximum 63.98
Range Width 53.84
Mean Std. Error 0.25

Forecast: American Binomial Call (50 Steps) (cont’d)

Percentiles:

Percentile Value

0% 10.14
10% 23.02
20% 25.93
30% 28.06
40% 29.97
50% 31.67
60% 33.96
70% 36.26
80% 38.87
90% 43.53

100% 63.98
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Forecast: American Binomial Call (100 Steps)

Summary:
Certainty Level is 90.00%
Certainty Range is from 20.90 to 46.67
Display Range is from 11.38 to 53.98
Entire Range is from 10.12 to 64.15
After 1,000 Trials, the Std. Error of the Mean is 0.25

Statistics: Value
Trials 1000
Mean 32.68
Median 31.69
Mode —
Standard Deviation 8.04
Variance 64.66
Skewness 0.53
Kurtosis 3.48
Coeff. of Variability 0.25
Range Minimum 10.12
Range Maximum 64.15
Range Width 54.03
Mean Std. Error 0.25

Forecast: American Binomial Call (100 Steps) (cont’d)

Percentiles:

Percentile Value

0% 10.12
10% 22.96
20% 25.94
30% 28.04
40% 29.97
50% 31.69
60% 33.96
70% 36.30
80% 38.88
90% 43.57

100% 64.15
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Forecast: American Binomial Call (500 Steps)

Summary:
Certainty Level is 90.00%
Certainty Range is from 20.89 to 46.67
Display Range is from 11.38 to 53.97
Entire Range is from 10.17 to 64.10
After 1,000 Trials, the Std. Error of the Mean is 0.25

Statistics: Value
Trials 1000
Mean 32.67
Median 31.68
Mode —
Standard Deviation 8.04
Variance 64.85
Skewness 0.53
Kurtosis 3.48
Coeff. of Variability 0.25
Range Minimum 10.17
Range Maximum 64.10
Range Width 53.93
Mean Std. Error 0.25

Forecast: American Binomial Call (500 Steps) (cont’d)

Percentiles:

Percentile Value

0% 10.17
10% 22.95
20% 25.94
30% 28.03
40% 29.95
50% 31.68
60% 33.98
70% 36.31
80% 38.91
90% 43.56

100% 64.10



NONRECOMBINING LATTICES

This graphic illustrates a 5-step nonrecombining lattice for solving an Amer-
ican call option. Each node branches into two pathways that do not meet
with other branches along the way (i.e., they do not recombine). The lattice
shown here is the first lattice of the underlying asset.
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Underlying Asset Lattice

Assumptions:

Asset = $100
Cost = $80
Maturity = 5 Years
Risk-free Rate = 5%
Volatility = 40%
Steps = 5

738.9
332.0
332.0
149.2
332.0
149.2
149.2

67.0

332.0
149.2
149.2

67.0
149.2

67.0
67.0
30.1

332.0
149.2
149.2

67.0
149.2

67.0
67.0
30.1

149.2
67.0
67.0
30.1
67.0
30.1
30.1
13.5

495.3

222.6

222.6

100.0

222.6

100.0

100.0

44.9

222.6

100.0

100.0

44.9

100.0

44.9

44.9

20.2

332.0

149.2

149.2

67.0

149.2

67.0

67.0

30.1

222.6

100.0

100.0

44.9

149.2

67.0

100.0



The lattice shown next is the valuation lattice of the American call op-
tion, obtained using the backward-induction approach and applying a risk-
neutral probability analysis.
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Valuation Lattice 658.9
252.0
252.0

69.2
252.0

69.2
69.2

0.0

252.0
69.2
69.2

0.0
69.2

0.0
0.0
0.0

252.0
69.2
69.2

0.0
69.2

0.0
0.0
0.0

69.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0

419.2

146.5

146.5

30.5

146.5

30.5

30.5

0.0

146.5

30.5

30.5

0.0

30.5

0.0

0.0

0.0

259.6

80.2

80.2

13.5

80.2

13.5

13.5

0.0

155.4

42.2

42.2

5.9

90.1

21.7

50.8

Intermediate Calculations:

Up Jump-Size = 1.4918
Down Jump-Size = 0.6703
Risk-Neutral Probability = 0.4637
Steps = 5
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The problem also can be solved using a recombining lattice as shown
here. Notice the similar values along the nonrecombining and recombining
lattices. In the recombining lattice, the amount of computational work is sig-
nificantly reduced because identical values for a particular time period are
collapsed and summarized as unique nodes.

149.2

67.0

222.6

100.0

44.9

332.0

149.2

67.0

30.1

495.3

222.6

100.0

44.9

20.2

738.9

332.0

149.2

67.0

30.1

13.5

Underlying Asset Lattice

Assumptions:

Asset = $100
Cost = $80
Maturity = 5 Years
Risk-free Rate = 5%
Volatility = 40%
Steps = 5

100.0

90.1

50.8

21.7

155.4

42.2

5.9

259.6

80.2

13.5

0.0

419.2

146.5

30.5

0.0

0.0

658.9

252.0

69.2

0.0

0.0

0.0

Valuation Lattice

Intermediate Calculations:

Up Jump-Size = 1.4918
Down Jump-Size = 0.6703
Risk-Neutral Probability = 0.4637
Steps = 5



Notice the similar results obtained using the recombining and nonre-
combining lattice approaches.
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149.2

67.0

222.6

100.0

44.9

332.0

149.2

67.0

30.1

495.3

222.6

100.0

44.9

20.2

738.9

332.0

149.2

67.0

30.1

13.5

100.0

(Frequency: 1)

(Frequency: 1)

(Frequency: 5)

(Frequency: 5)

(Frequency: 10)

(Frequency: 10)
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However, there is a caveat in comparing the recombining and nonre-
combining lattices. For instance, the six terminal nodes on a recombining
tree are unique occurrences and a summary of the 32 terminal nodes on the
nonrecombining tree. Therefore, it is incorrect to assume that there is a one-
sixth probability of occurrence for each of the values 738, 332, 149, 67, 30,
and 13. In reality, the distribution of the terminal nodes looks somewhat
normal, with different outcome probabilities as seen in the chart. Depending
on the input parameters, the distribution of the terminal nodes may change
slightly (higher volatility means a higher frequency of occurrence in the ex-
treme values).



Although recombining lattices are easier to calculate and arrive at iden-
tical answers to nonrecombining lattices, there are conditions when nonre-
combining lattices are required for the analysis. These conditions include
when there are multiple sources of uncertainty or when volatility changes
over time, as in the next example.
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Underlying Asset Lattice 902.5
332.0
366.9
135.0
366.9
135.0
149.2

54.9

405.5
149.2
164.9

60.7
164.9

60.7
67.0
24.7

405.5
149.2
164.9

60.7
164.9

60.7
67.0
24.7

182.2
67.0
74.1
27.3
74.1
27.3
30.1
11.1

547.4

222.6

222.6

90.5

246.0

100.0

100.0

40.7

246.0

100.0

100.0

40.7

110.5

44.9

44.9

18.3

349.0

141.9

156.8

63.8

156.8

63.8

70.5

28.7

222.6

100.0

100.0

44.9

149.2

67.0

100.0

First volatility Second volatility Third volatility

Assumptions:

Asset = $100
Cost = $ 80
Maturity = 5 Years
Risk-free = 5%
Volatility = 40%
New Volatility of 45% after 2 years
New Volatility of 50% after 4 years



The next valuation lattice is on an American call option with changing
volatilities using the risk-neutral probability approach.
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Valuation Lattice 822.5
252.0
286.9
55.0

286.9
55.0
69.2
0.0

325.5
69.2
84.9
0.0

84.9
0.0
0.0
0.0

325.5
69.2
84.9
0.0

84.9
0.0
0.0
0.0

102.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0

471.3

146.5

146.5

28.1

169.9

34.5

34.5

0.0

169.9

34.5

34.5

0.0

41.5

0.0

0.0

0.0

276.7

76.8

90.0

14.6

90.0

14.6

17.5

0.0

157.5

45.8

45.8

7.4

92.8

24.0

53.2

First volatility Second volatility Third volatility

Execute
Execute
Execute
Execute
Execute
Execute
Execute

Execute
Execute
Execute

Execute

Execute
Execute
Execute

Execute

Execute

Calculations:

up (1) = 1.4918
down (1) = 0.6703
prob (1) = 0.4637
up (2) = 1.5683
down (2) = 0.6376
prob (2) = 0.4445
up (3) = 1.6487
down (3) = 0.6065
prob (3) = 0.4267



Although nonrecombining lattices are better suited for solving options
with changing volatilities, recombining lattices also can be modified to han-
dle this condition, thereby cutting down on analytical time and effort. The
results obtained are identical no matter which approach is used. The modi-
fied recombining lattice below makes use of the fact that although volatility
changes three times within the 5-year maturity period, volatility remains
constant within particular time periods. For instance, the 40 percent volatil-
ity applies from Time 0 to Time 2, and the 45 percent volatility holds for
Time 2 to Time 4. Within these time periods, volatility remains constant;
hence, the lattice bifurcations are recombining. The entire lattice analysis
below can be segregated into three stages of recombining lattices. At the end
of a constant volatility period, each resulting node becomes the starting
point of a new recombining lattice.
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Underlying Asset Lattice
902.5
332.0
366.9
135.0
149.2
54.9

405.5
149.2
164.9
60.7
67.0
24.7

182.2
67.0
74.1
27.3
30.1
11.1

547.4

222.6

90.5

246.0

100.0

40.7

110.5

44.9

18.3

349.0

141.9

156.8

63.8

70.5

28.7

222.6

100.0

44.9

149.2

67.0

100.0

First volatility Second volatility Third volatility

Assumptions:

Asset = $100
Cost = $80
Maturity = 5 Years
Risk-free Rate = 5%
Volatility = 40%
New Volatility of 45%

kicks in after 2 years
New Volatility of 50%

kicks in after 4 years



This valuation lattice is the modified recombining valuation lattice ap-
proach for the changing volatility option analysis. Notice that the resulting
option value of $53.2 is identical to the result obtained using the nonre-
combining lattice.
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Valuation Lattice
822.5
252.0
286.9
55.0
69.2
0.0

325.5
69.2
84.9
0.0
0.0
0.0

102.2
0.0
0.0
0.0
0.0
0.0

471.3

146.5

28.1

169.9

34.5

0.0

41.5

0.0

0.0

276.6

76.8

90.0

14.6

17.5

0.0

157.5

45.8

7.4

92.8

24.0

53.2

First volatility Second volatility Third volatility

Execute
Execute
Execute
Execute
Execute

Execute
Execute
Execute

Execute

Calculations:

up (1) = 1.4918
down (1) = 0.6703
prob (1) = 0.4637
up (2) = 1.5683
down (2) = 0.6376
prob (2) = 0.4445
up (3) = 1.6487
down (3) = 0.6065
prob (3) = 0.4267

Exercise: Changing Volatility Option (Nonrecombining Lattices)

Open the Excel file Workbook Exercise (Volatility Nonrecombining).xls
from the enclosed CD-ROM. Using the nonrecombining lattices below,
solve the changing volatility option.
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Creating and Solving a Changing Volatility Option

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
New Volatility (%)
New Volatility Step

$100.00
$90.00

5.00
7.00%
0.00%
30.00%

5
45.00%

3

Assumptions
First Volatility Second Volatility

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Underlying Asset Lattice



Nonrecombining Lattices 199

Option Valuation Lattice
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CHAPTER 7
Extended Problems

Combining Forecasting, DCF Modeling, 
Real Options, and Optimization

The Excel file Workbook Exercise (Step by Step Analysis).xls from the en-
closed CD-ROM is provided for you to follow along with the current ex-

ample. This example assumes that you are now sufficiently proficient in the use
of Crystal Ball, OptQuest, Real Options Analysis Toolkit, and have a good un-
derstanding of binomial lattices. This example is meant only as a guide to the
steps taken in a comprehensive decision-analysis methodology. Certain simpli-
fied assumptions are made to facilitate the computation and illustration.

Suppose a biotechnology firm is looking at valuing a patent for a bio-
chemical compound developed by university researchers. Further, suppose
that the biochemical compound is currently highly unstable and requires sig-
nificant amounts of testing. However, the firm believes that further research
is warranted and if results indicate that the compound can be stabilized, the
potential financial ramifications are very significant. The complete research
takes up to 10 years with the most intensive research done in the first 5
years, costing the firm $200 million each year for the first 5 years. However,
due to the current Federal Drug Administration (FDA) guidelines, the drug
can be marketed for consumption under strict controlled dissemination
within the first 5 years. To do so would mean additional funding for human
trials and subsequent FDA approval. The cost to obtain FDA approval is
approximately half of the total research costs. Therefore, the firm has a se-
quential compound option to first research the efficacy of the drug for short-
term development while continuing with long-term investigation of its full
effects. The firm has to decide what the value of this biochemical compound
is, and what the value is of being able to research and develop the drug’s
long-run full potential at the same time to capitalize on obtaining revenues
in the short run with the limited version. In addition, the firm needs to iden-
tify the optimal royalty rate to pay to the university researchers for licensing



their technology. These royalty rates must fall within contractual terms under
obligation with the university, and must fall in line with management’s ex-
pectations as well as be competitive. These royalty rates must be accounted for
within a real options paradigm where the value of the project is greater than
its net present value (NPV) as management has the flexibility not to execute on
the short-run limited version of the drug should the long-term research results
and market acceptance indicate that it is unprofitable. In addition, the firm
wants the analysis to account for competitive effects, cannibalization by other
comparable products under development, market saturation effects, and other
uncertainties while accounting and controlling for the risks such that the proj-
ect will still be profitable above a certain management-set threshold.

The first step is to collect historical data on revenues of the comparable
product. Suppose the only available historical data on revenues are quarterly
data starting from 1997 through 2002 of a highly similar product that was
developed by the firm. Using these historical data, the analyst performs time-
series analysis using Crystal Ball’s Predictor (Figure 7.1).
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FIGURE 7.1 Sample historical data in Microsoft Excel.



The following step shows the selection of the historical data range using
Crystal Ball’s Predictor (Figure 7.2). Assuming the historical data exhibits sea-
sonality, a quarterly seasonality correction is performed in the next step as
shown in Figure 7.3. Predictor automatically chooses the best fitting time-
series model from a series of eight different approaches as shown in Figure 7.4.
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FIGURE 7.2 Crystal Ball’s Predictor step 1 through 3: input data.

FIGURE 7.3 Crystal Ball’s Predictor step 4 and 5: data attributes.



Then, a forecast is created for 20 periods (Figure 7.5): For each of the 20
quarterly forecast periods, Predictor automatically creates the revenue point
forecasts with the relevant distributional assumptions (Figure 7.6). The high-
lighted cells indicate where forecast revenues with distributional assump-
tions are attached. These point forecasts are based on the best fitting line in
the gallery of time-series approaches. The graph shown in Figure 7.7 illus-
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FIGURE 7.4 Crystal Ball’s Predictor step 6: method gallery.

FIGURE 7.5 Crystal Ball’s Predictor step 7 through 10: results.
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FIGURE 7.6 Forecast results with distributional assumptions in Excel.
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FIGURE 7.7 Crystal Ball’s Predictor’s forecast charts.



trates this fitting of historical data, as well as the forecast out to the future,
complete with a 5th percentile and 95th percentile confidence interval. Table
7.1 lists the point forecast for each succeeding quarter, with its correspon-
ding 5th percentile and 95th percentile.

The second step is to create a discounted cash flow (DCF) model using
the forecast revenues as shown in Figure 7.8. The following illustrates a sim-
ple DCF model. As the revenues are based on the forecast values with dis-
tributional assumptions, the resulting NPV will have Monte Carlo
simulation performed as well. In addition, other stochastic variable inputs
affecting the DCF model can also be accounted for. As an example, several
adjustments to revenues such as competitive effects, cannibalization by other
product substitutes, and market saturation effects are stochastic and un-
known in the future. However, management can decide what the potential
ranges of effects may be over time. These stochastic variables are linked to
the DCF model and the resulting stream of net cash flows will be stochastic.
Using the logarithmic cash-flow-returns approach, the asset’s volatility is es-
timated at 11.67 percent. The calculated volatility is also a distribution of
values as the inputs into the DCF model are distributions of values.
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TABLE 7.1 Crystal Ball Predictor Forecast Results

Date Lower: 5% Forecast Upper: 95%

Q1 2003 194.53 202.27 210.02
Q2 2003 202.15 210.25 218.35
Q3 2003 208.78 217.26 225.74
Q4 2003 221.39 230.30 239.21
Q1 2004 222.42 231.80 241.17
Q2 2004 229.96 239.86 249.76
Q3 2004 236.34 246.81 257.29
Q4 2004 249.47 260.60 271.73
Q1 2005 249.45 261.33 273.20
Q2 2005 256.75 269.47 282.19
Q3 2005 262.67 276.37 290.07
Q4 2005 276.06 290.90 305.74
Q1 2006 274.66 290.85 307.04
Q2 2006 281.27 299.08 316.89
Q3 2006 286.13 305.93 325.72
Q4 2006 298.93 321.20 343.47
Q1 2007 294.93 320.38 345.82
Q2 2007 299.00 328.69 358.38
Q3 2007 299.86 335.48 371.11
Q4 2007 306.97 351.50 396.03



Notice that another variable of interest is the royalty rate paid to the
patent holders. These rates are subject to negotiation and as such are deci-
sion variables. These decision variables are to be used in a later step of sto-
chastic optimization (Figure 7.9).

The next step is to input the results from the DCF and simulation analy-
ses into the real options paradigm (Figure 7.10). The resulting present value
of future cash flows now becomes the starting asset value in the real options
analysis. The present value of implementation costs now becomes the im-
plementation cost of the underlying option. The volatility of the simulated
cash-flow stream now becomes the input volatility to the analysis. The other
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Discount Rate (Cash Flow) 15.00% Present Value (Cash Flow) $1,265.09
Discount Rate (Impl. Cost) 5.00% Present Value (Impl. Cost) ($865.90)
Tax Rate 10.00% Net Present Value $399.20

Input Parameters Results

$860.08 $979.07 $1,098.06 $1,217.06 $1,336.05
$51.60 $97.91 $197.65 $316.43 $467.62
$86.01 $97.91 $109.81 $121.71 $133.60
$43.00 $48.95 $164.71 $182.56 $200.41

$679.46 $734.30 $625.90 $596.36 $534.42
$135.89 $146.86 $125.18 $119.27 $106.88

$10.00 $10.00 $10.00 $10.00 $10.00
$100.00 $100.00 $100.00 $100.00 $100.00
$433.57 $477.44 $390.72 $367.09 $317.54

$43.36 $47.74 $39.07 $36.71 $31.75
$390.21 $429.70 $351.65 $330.38 $285.78

$4.30 $4.90 $16.47 $18.26 $20.04
$394.51 $434.59 $368.12 $348.63 $305.82

($200.00) ($200.00) ($200.00) ($200.00) ($200.00)

Year 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7
Revenue
Adjustment to Revenue
Cost of Revenue
Royalties Paid
Gross Profit
Operating Expenses
Depreciation Expense
Interest Expense
Income Before Taxes
Taxes
Income After Taxes
Non-Cash Expenses
Cash Flow
Implementation Cost

Step II: DCF

FIGURE 7.8 Second step in the analysis: creating a DCF model.

Adjustment to Revenue: 2003 2004 2005 2006 2007
Royalty Rate
Minimum Rate
Maximum Rate
Maximum Total Rate

5.00% 5.00% 15.00% 15.00% 15.00%
5.00% 5.00% 10.00% 10.00% 10.00%

10.00%
50.00% Minimum Total Rate 20.00%

10.00% 15.00% 15.00% 20.00%

Adjustment to Revenue: 2003 2004 2005 2006 2007
Competitive Effects
Cannibalization Effects
Market Saturation

1.00% 2.00% 3.00% 4.00% 5.00%
5.00% 8.00% 10.00% 12.00% 15.00%
0.00% 0.00% 5.00% 10.00% 15.00%

Volatility Measure:
Logarithmic Returns
Volatility

0.0968 -0.1660 -0.0544 -0.1310
11.67%

FIGURE 7.9 Simulation assumptions, forecasts, and decision variables.



input parameters are based on the initial set of assumptions. Then, a bino-
mial approach is applied to value the sequential compound option. The re-
sulting underlying asset lattice, equity lattice, and valuation lattice are
shown in Figure 7.11.

The next step is to run a stochastic optimization analysis. That is, given
the uncertain environment of multiple interacting stochastic variables, you
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Step III: Real Options Analysis

Present Value of Future Cash Flows (asset)
Implementation Cost (cost)
Volatility (volatility)
Maturity (maturity)
Risk-Free Rate (rf)
Binomial Lattice Steps (steps)
Second Phase Implementation Cost (cost 2)
Time to Second Phase (time2)

$1,265.09
$865.90
11.67%

10
5.00%

10
$432.95

5

Time Step (dt)
Up Jump (up)
Down Jump (down)
Risk-Neutral Probability (prob)

1.00
1.1237
0.8899
0.6901

429.48Binomial Lattice Result

Intermediate Calculations

Results

Input Assumptions

FIGURE 7.10 Step three in the analysis: applying real options analysis.

1265.09 1421.64 1597.56 1795.25 2017.41 2267.05 2547.58 2862.83 3217.09 3615.19 4062.55
1125.79 1265.09 1421.64 1597.56 1795.25 2017.41 2267.05 2547.58 2862.83 3217.09

1001.82 1125.79 1265.09 1421.64 1597.56 1795.25 2017.41 2267.05 2547.58
891.50 1001.82 1125.79 1265.09 1421.64 1597.56 1795.25 2017.41

793.33 891.50 1001.82 1125.79 1265.09 1421.64 1597.56
705.97 793.33 891.50 1001.82 1125.79 1265.09

628.23 705.97 793.33 891.50 1001.82
559.05 628.23 705.97 793.33

497.49 559.05 628.23
442.71 497.49

393.96

740.69 869.83 1017.22 1185.08 1375.94 1592.69 1838.65 2117.55 2433.60 2791.53 3196.66
575.64 685.50 811.72 956.14 1120.89 1308.47 1521.77 1764.09 2039.17 2351.20

426.23 517.85 624.42 747.45 888.63 1049.97 1233.91 1443.38 1681.69
292.73 366.21 453.75 556.71 676.36 814.07 971.59 1151.51

177.51 231.86 299.56 382.36 481.60 597.98 731.67
85.86 119.46 164.72 224.63 302.12 399.20

25.24 38.45 58.57 89.22 135.92
0.00 0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00

0.00

429.48 536.65 663.76 812.44 984.19 1180.86 1405.70
261.86 342.38 442.50 564.39 709.06 875.52

125.90 176.06 244.26 335.61 455.68
35.01 53.33 81.24 123.76

0.00 0.00 0.00
0.00 0.00

0.00

Underlying Asset Lattice

Equity Lattice

Valuation Lattice

FIGURE 7.11 Resulting underlying asset lattice, equity lattice, and valuation lattice.



know that the asset value of the project is highly volatile. Given this uncer-
tainty, what is the optimal level of royalty rates that should be paid over
time such that the best outcome can be guaranteed at a certain probability,
subject to satisfying some constraints? By contractual agreement, the firm
must pay a royalty rate between 5 percent and 10 percent for the first 2
years, between 10 percent and 15 percent for the following 2 years, and be-
tween 10 percent and 20 percent in year 5. This result is seen through the
first step in the optimization process using OptQuest (Figure 7.12).

Next, by internal management-set constraints, the total amount of roy-
alties paid for the next 5 years should fall between 20 percent and 50 per-
cent (Figure 7.13). Next, the optimization is set to maximize the mean of the
total project expanded net present value (ENPV), including the strategic op-
tions value, at the same time satisfying the requirement that at least 90 per-
cent of the time, the project should yield at least $400 million in NPV
(Figure 7.14). The stochastic optimization is run for 10 minutes to produce
an initial answer (Figure 7.15).
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FIGURE 7.12 Decision variable selection in OptQuest.

FIGURE 7.13 Setting up constraints in OptQuest.

FIGURE 7.14 Setting up the objective in OptQuest.



Based on running 1,000 simulation trials for each optimization set, the
results indicate that the optimal decision is to provide a 5 percent royalty
rate for the first 2 years, see what happens, then increase the royalty rate to
10 percent for the third and fourth years, before going to 20 percent the final
year (Figure 7.16). Based on these royalty rates, the project will yield at least
$400 million in NPV while maximizing the overall strategic profitability of
the project and at the same time still satisfying management and other legal
contractual obligations.

Finally, based on the performance graph, it would seem that these roy-
alty rates are the most efficient and optimal, and that slight variations from
these rates will yield fairly insignificant increases in value (Figure 7.17).

210 EXTENDED PROBLEMS

FIGURE 7.15 OptQuest’s stochastic optimization preferences.

FIGURE 7.16 OptQuest’s status and solutions screen.
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FIGURE 7.17 Resulting performance graph.
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CHAPTER 8
Exercise Solutions

Solutions for DCF Model

Discount Rate 20%

Year
Revenues
Operating Expenses
Net Income
Investment Costs
Free Cash Flow
Present Value of Cash Flow
Net Present Value

2002 2003 2004 2005 2006 2007
$400
$40

$360

$360

$300
$30

$270

$270

$200
$20

$180

$180

$100
$10
$90

$90

$500
$50

$450

$450
($450)
($450)

Discrete Discounting

Discounted Cash Flow Analysis

Year
Revenues
Operating Expenses
Net Income
Investment Costs
Free Cash Flow
Present Value of Cash Flow
Net Present Value

2002 2003 2004 2005 2006 2007
$400
$40

$360

$360

$300
$30

$270

$270

$200
$20

$180

$180

$100
$10
$90

$90

$500
$50

$450

$450
($450)
($450)

Continuous Discounting

$261
$75 $125 $156 $174 $181

$74 $121 $148 $162 $166

($450)

$220
($450)
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Monte Carlo Simulation

Discount Rate (Cash Flow)
Discount Rate (Impl. Cost)
Tax Rate

15.00%
7.00%

40.00%

Present Value (Cash Flow)
Present Value (Impl. Cost)
Net Present Value

$334.72
$234.94

$99.79

2002 2003 2004 2005 2006
Revenue
Cost of Revenue
Gross Profit
Operating Expenses
Depreciation Expense
Interest Expense
Income Before Taxes
Taxes
Income After Taxes
Non-Cash Expenses
Cash Flow

Implementation Cost

$400.00
$100.00
$300.00

$40.00
$20.00
$20.00

$220.00
$88.00

$132.00
$10.00

$142.00

$80.00

$300.00
$75.00

$225.00
$30.00
$15.00
$15.00

$165.00
$66.00
$99.00
$10.00

$109.00

$60.00

$200.00
$50.00

$150.00
$20.00
$10.00
$10.00

$110.00
$44.00
$66.00
$10.00
$76.00

$40.00

$100.00
$25.00
$75.00
$10.00

$5.00
$5.00

$55.00
$22.00
$33.00
$10.00
$43.00

$20.00

$500.00
$125.00
$375.00

$50.00
$25.00
$25.00

$275.00
$110.00
$165.00

$10.00
$175.00

$100.00

Input Parameters Results

Simulated Stock Price Path

100.00% 8.00% $100.00

1-Jan-01 11-Apr-01 20-Jul-01 28-Oct-01 5-Feb-02 16-May-02 24-Aug-02 2-Dec-02

13.87%

Simulate

Stock returns
annualized
volatility

Annualized
mean growth

of returns

Starting
stock price
at time 0

Calculated
periodic
volatility

Date Value
01-Jan-01
08-Jan-01
15-Jan-01
22-Jan-01
29-Jan-01
05-Feb-01
12-Feb-01
19-Feb-01
26-Feb-01
05-Mar-01
12-Mar-01
19-Mar-01
26-Mar-01
02-Apr-01
09-Apr-01
16-Apr-01
23-Apr-01
30-Apr-01
7-May-01
14-May-01
21-May-01

$100.00
$87.73
$95.84

$106.66
$102.17
$113.46
$99.63
$84.50
$84.39
$79.08
$73.73
$70.95
$93.39
$79.96
$91.43
$93.91
$82.29
$86.26
$67.43
$71.30
$84.95

$200

$180

$160

$140

$120

$100

$80

$60

$40

$20

$0

–0.8962
0.6556
0.8031

–0.3144
0.7859

–0.8904
–1.1061
–0.0203
–0.4653
–0.4988
–0.2829
2.2697

–1.0476
1.0232
0.1844

–0.8955
0.3269

–1.5852
0.4027
1.3701

Solutions for Simulation I (Simulating a DCF Model)

Solutions for Simulation II (Simulating a Stock Price Path)



Exercise Solutions 215

Creating and Solving Lattices

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00
$80.00
5.00

5.00%
0.00%
25.00%

5

128.40

77.88

349.03

211.70

128.40

77.88

47.24

28.65

271.83

164.87

100.00

60.65

36.79

164.87

100.00

60.65

100.00

211.70

128.40

77.88

47.24

64.48

20.58

269.03

131.70

48.40

0.00

0.00

0.00

195.73

88.77

24.83

0.00

0.00

96.19

34.53

6.53

42.09

139.31

56.42

12.74

0.00

1.0000
1.2840
0.7788
53.93%

$42.09

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset Lattice

Option Valuation Lattice

Solutions for Volatility Estimates

Solutions for Creating and Solving Lattices
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Granularity in Lattices

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Small Lattice Steps
Large Lattice Steps

$100.00
$90.00
5.00

 5.00%
0.00%

20.00%
5

10

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

1.0000
1.2214
0.8187
57.75%

0.5000
1.1519
0.8881
55.39%

Intermediate CalculationsAssumptions

122.14

81.87

271.83

182.21

122.14

81.86

54.88

36.79

222.55

149.18

100.00

67.03

44.93

149.18

100.00

67.03

100.00

182.21

122.14

81.87

54.88

115.19

86.81

202.81

152.85

115.19

86.81

65.43

49.31

176.07

132.69

100.00

75.36

56.80

132.85

100.00

75.36

100.00

152.85

115.19

86.81

65.43

233.62

176.07

132.69

100.00

75.36

56.80

42.80

411.33

309.99

233.62

176.07

132.69

100.00

75.36

56.80

42.80

32.26

24.31

357.08

269.11

202.81

152.85

115.19

86.81

65.43

49.31

37.16

28.00

269.11

202.81

152.85

115.19

86.81

65.43

49.31

37.16

309.99

233.62

176.07

132.69

100.00

75.36

56.80

42.80

32.26

Underlying Asset Lattice (10 Steps)

Underlying Asset Lattice

Solutions for Granularity in Lattice
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European Option Calculations

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00
$100.00

1.00
5.00%
0.00%
25.00%

5

111.83

89.42

174.90

139.85

111.83

89.42

71.50

57.18

156.39

125.06

100.00

79.96

63.94

125.06

100.00

79.96

100.00

139.85

111.83

89.42

71.50

19.61

5.77

74.90

39.85

11.83

0.00

0.00

0.00

57.39

26.05

6.05

0.00

0.00

29.17

9.79

1.59

12.79

41.83

16.23

3.10

0.00

0.20000
1.1183
0.8942
51.69%

$12.79
$12.34

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results
Black-Scholes Results

Intermediate Calculations

Results

Assumptions

Underlying Asset

Option Valuation

Continue

Continue

Execute

Execute

Execute

End

End

End

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Decision Lattice

Solutions for European Option
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American Option Calculations

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00
$80.00
3.00

5.00%
12.00%
35.00%

5

131.14

76.25

387.98

225.54

131.14

76.25

44.34

25.78

295.78

171.98

100.00

58.15

33.81

171.98

100.00

58.15

100.00

225.54

131.14

76.25

44.34

51.14

9.17

307.89

145.54

51.14

0.00

0.00

0.00

215.78

91.98

20.00

0.00

0.00

91.98

22.08

2.41

23.47

145.54

51.14

6.94

0.00

0.6000
1.3114
0.7625
35.77%

$23.47

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset

Option Valuation

Execute

Continue

Execute

Execute

Execute

End

End

End

Execute

Execute

Execute

Continue

Continue

Execute

Continue

Continue

Continue

Execute

Execute

Continue

Continue

Decision Lattice

Solutions for American Option



Solutions for Risk-Neutral Probability Approach
Versus Market-Replicating Portfolio

Part I: Risk-Neutral Probability Approach

Stepping Time = 1.00
Up Jump-Size (up) = 1.1052
Down Jump-Size (down) = 0.9048
Risk-Neutral Probability = 0.7309

Exercise Solutions 219

20.66

5.08

27.02

7.31

0

34.99

10.52

0

0

Option Valuation Lattice

15.66

Part II: Market-Replicating Portfolio Approach

Step 1: Get the call values at the terminal nodes.

C3UU = 34.99
C3UD = 10.52
C3DU = 0.00
C3DD = 0.00

Step 2: Get the hedge ratios for the terminal branches.

h2U = 1.0000
h2M = 0.5250
h2D = 0.0000

Step 3: Get the debt load for the terminal branches.

D2U = 100.0000
D2M = 47.5030
D2L = 0.0000



Step 4: Get the call values one node back, t = 2.

C2U = 27.0171
C2M = 7.3137
C2D = 0.0000

Step 5: Get the hedge ratios for the one branch back, t = 1.

h1U = 0.8899
h1D = 0.4034

Step 6: Get the debt load for one branch back, t = 1.

D1U = 81.6753
D1D = 33.0263

Step 7: Get the call values one node back.

C1U = 20.6598
C1D = 5.0840

Step 8: Get the hedge ratios for two branches back, t = 0.

h0 = 0.7772

Step 9: Get the debt load for two branches back, t = 0.

D0 = 65.2363

Step 10: Get the call value at t = 0, the option value of this analysis.

C0 = 15.66

220 EXERCISE SOLUTIONS
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European Option Calculations — State Pricing Approach

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00
$100.00

5.00
5.00%
0.00%

25.00%
5

51.76

14.26

249.03

111.70

28.40

0.00

0.00

0.00

176.38

69.55

14.50

0.00

0.00

80.10

24.66

3.78

32.71

120.70

41.90

7.41

0.00

1.0000
1.2840
0.7788
28.40%

–22.12%
0.5106
0.4406

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Up Jump Increment
Down Jump Increment
Up State Price
Down State Price

Lattice Results
Black-Scholes Results

Intermediate Calculations

Results

Assumptions

Underlying Asset Lattice

State Prices Lattice

Continue

Continue

Execute

Execute

Execute

End

End

End

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Decision Lattice

128.40

77.88

349.03

211.70

128.40

77.88

47.24

28.65

271.83

164.87

100.00

60.65

36.79

164.87

100.00

60.65

100.00

211.70

128.40

77.88

47.24

$32.71
$32.50

Solutions for State-Pricing Approach
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American Option Calculations (Trinomial Lattice)

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$100.00
$100.00

3.00
5.00%
0.00%
35.00%

3

$27.80

1.0000
1.8335
0.5454

0.1574
0.6667
0.1759

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)

High Branch Probability (PH)
Middle Branch Probability (PM)
Low Branch Probability (PL)

Lattice Results

Assumptions Intermediate Calculations

Results

Underlying Asset Lattice (Trinomial Three-Step Lattice)
616.36

336.17

183.35

336.17

183.35

100.00

54.54

183.35

100.00100.00

54.54

29.75

54.54

29.75

16.22

100.00

54.54

29.75

183.35

100.00

54.54

336.17

183.35

100.00

Solutions for Trinomial Lattices
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Option Valuation Lattice (Trinomial Three-Step Lattice)
516.36

236.17

83.35

241.02

88.21

12.48

0.00

94.11

21.1227.80

1.87

0.00

0.00

0.00

0.00

0.00

0.00

0.00

83.35

0.00

0.00

236.17

83.35

0.00

Steps (N)
Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

3.0000
1.0000
1.4191
0.7047
0.4852

Intermediate Calculations

Underlying Asset Lattice
(Binomial Three-Step Lattice)

Option Valuation Lattice
(Binomial Three-Step Lattice)

141.91

70.47

201.38

100.00

49.66

100.00

285.77

141.91

70.47

34.99

58.51

8.93

106.25

19.34

0.00

31.37

185.77

41.91

0.00

0.00
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Underlying Asset Lattice
(Binomial Four-Step Lattice)

Option Valuation Lattice
(Binomial Four-Step Lattice)

Intermediate Calculations

Steps (N)
Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

4.0000
0.7500
1.3541
0.7385
0.4869

135.41

73.85

336.17

183.35

100.00

54.54

29.75

183.35

100.00

54.54

100.00

248.27

135.41

73.85

40.28

51.53

8.60

236.17

83.35

0.00

0.00

0.00

90.57

18.33

0.00

28.42

151.85

39.09

0.00

0.00
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Creating and Solving an Abandonment Option

Asset Value ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Salvage Value ($)
Growth Rate (%)

$150.00
5.00

5.00%
2.00%
30.00%

5
$100.00
3.00%

202.48

111.12

672.25

368.94

202.48

111.12

60.99

33.47

499.02

273.32

150.00

82.32

45.18

273.32

150.00

82.32

150.00

368.94

202.48

111.12

60.99

191.68

123.10

672.25

368.94

202.48

115.93

115.93

115.93

488.16

267.91

149.43

112.55

112.55

258.00

150.28

110.49

148.12

100.00 103.00 106.09 109.27 112.55 115.93

354.47

195.74

123.74

109.27

1.0000
1.3499
0.7408
47.56%

$148.12

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset

Salvage Values

Option Valuation

Continue

Continue

End

End

End

Abandon

Abandon

Abandon

Continue

Continue

Continue

Abandon

Abandon

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Abandon

Decision Lattice

Solutions for Abandonment Option
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Creating and Solving an Expansion Option I

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Expansion Factor

$400.00
$250.00

5.00
7.00%
0.00%
35.00%

5
2.00

1.0000
1.4191
0.7047
51.49%

$638.30

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

This exercise assumes a static expansion factor.

567.63

281.88

2301.84

1143.06

567.63

281.88

139.98

69.51

1622.08

805.50

400.00

198.63

98.64

805.50

400.00

198.63

400.00

1143.06

567.63

281.88

139.98

950.91

401.91

4353.68

2036.12

885.25

313.75

139.98

69.51

3011.06

1377.90

566.90

213.94

98.64

1408.36

607.54

243.75

638.30

2068.78

917.91

368.92

147.32

Underlying Asset Lattice

Option Valuation Lattice

Solutions for Expansion Option (American Expansion Option)
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1.5 1.65 1.82 2.00 2.20 2.42

Expansion Factors

Creating and Solving an Expansion Option II

567.63

281.88

2301.84

1143.06

567.63

281.88

139.98

69.51

1622.08

805.50

400.00

198.63

98.64

805.50

400.00

198.63

400.00

1143.06

567.63

281.88

139.98

1086.64

463.35

5310.71

2511.37

1121.25

430.94

139.98

69.51

3610.19

1676.59

716.39

263.50

96.69

1635.92

718.47

285.45

715.38

2440.05

1104.45

452.25

166.24

Underlying Asset Lattice

Option Valuation Lattice

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Expansion Factor
Expansion Growth Rate

$400.00
$250.00

5.00
8.00%
2.00%
35.00%

5
1.50

10.00%

1.0000
1.4191
0.7047
49.99%

$715.38

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

This exercise assumes a dynamic expansion factor.

Solutions for Expansion Option (Growing Expansion Rate)
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513.61

311.52

1396.14

846.80

513.61

311.52

188.95

114.60

1087.31

659.49

400.00

242.61

147.15

659.49

400.00

242.61

400.00

846.80

513.61

311.52

188.95

Firm’s Underlying Asset Lattice

Competitor’s Underlying Asset Lattice

1.90

2.11

1.61

1.74

1.90

2.11

2.35

2.65

1.67

1.82

2.00

2.22

2.49

1.82

2.00

2.22

2.00

1.74

1.90

2.11

2.35

839.96

384.16

3447.98

1739.86

831.24

343.40

139.98

69.51

2459.39

1214.99

554.38

228.17

98.64

1214.99

567.46

247.04

577.01

1739.86

834.04

369.35

154.15

Expansion Factors

Option Valuation Lattice

Continue

Continue

Expand

Expand

Expand

Expand

End

End

Expand

Expand

Continue

Continue

Continue

Expand

Continue

Continue

Continue

Expand

Continue

Continue

Continue

Decision Lattice

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

Your Firm
$400.00

35.00%

Competition
$400.00

25.00%

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

This exercise assumes a dynamic expansion factor that depends on a competitive firm growing at different rates.

$250.00
5.00

7.00%
0.00%

5

Your Firm

1.4191
0.7047

Competition

1.2840
0.7788

1.0000

51.49%

$577.01

567.63

281.88

2301.84

1143.06

567.63

281.88

139.98

69.51

1622.08

805.50

400.00

198.63

98.64

805.50

400.00

198.63

400.00

1143.06

567.63

281.88

139.98

Solutions for Expansion Option (Competitive Risks)

228
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Creating and Solving a Contraction Option

1648.72

606.53

12182.49

4481.69

1648.72

606.53

223.13

82.08

7389.06

2718.28

1000.00

367.88

135.34

2718.28

1000.00

367.88

1000.00

4481.69

1648.72

606.53

223.13

1561.83

709.79

12182.49

4481.69

1648.72

634.66

486.33

431.76

7242.74

2664.46

996.07

549.82

455.12

2565.04

1008.95

566.01

1004.85

4305.96

1593.03

695.67

495.65

Underlying Asset Lattice

Option Valuation Lattice

Asset Value ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Savings ($)
Contraction Factor
Contraction Growth Rate (%)

$1000.00
5.00

5.00%
2.00%
50.00%

5
$400.00

0.50
–5.00%

1.0000
1.6487
0.6065
40.68%

$1,004.85

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

This exercise assumes a dynamic contraction factor.

0.50 0.48 0.45 0.43 0.41 0.39

Contraction Factors

Solutions for Contraction Option
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Creating and Solving a Chooser Option

Asset Value ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Expansion Factor
Expansion Cost ($)
Contraction Factor
Contraction Savings ($)
Salvage Value ($)

$100.00
5.00

7.00%
2.00%
25.00%

5
2.50

$120.00
0.90

$50.00
$100.00

128.40

77.88

349.03

211.70

128.40

77.88

47.24

28.65

271.83

164.97

100.00

60.65

36.79

164.97

100.00

60.65

100.00

211.70

128.40

77.88

47.24

217.73

124.94

752.59

409.25

201.01

120.09

100.00

100.00

559.57

292.18

152.66

104.59

100.00

297.07

159.12

104.59

163.15

409.25

212.50

121.69

100.00

1.0000
1.2840
0.7788
53.93%

$163.15

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Underlying Asset

Option Valuation

Continue

Continue

Expand

Expand

Expand

Contract

Salvage

Salvage

Expand

Expand

Continue

Contract

Salvage

Continue

Continue

Contract

Continue

Expand

Continue

Continue

Salvage

Decision Lattice

Solutions for Chooser (Contract, Expand, and Abandon) Option



Creating and Solving a Simultaneous Option

767.22

232.62

3681.69

1659.60

549.86

0.00

0.00

0.00

2574.20

1076.20

279.21

0.00

0.00

1178.18

397.18

72.00

488.36

1764.12

665.04

141.78

0.00

Underlying Asset Lattice

First Option Valuation Lattice

440.53

70.45

3081.69

1059.60

0.00

0.00

0.00

0.00

2014.77

538.06

0.00

0.00

0.00

751.53

138.74

0.00

253.61

1251.54

273.22

0.00

0.00

Second Option Valuation Lattice

Decision Lattice (First Option)

Continue

Continue

Execute

Execute

End

End

End

End

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Execute

Execute

Execute

End

End

End

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Decision Lattice (Second Option)

1349.86

740.82

4481.69

2459.60

1349.86

740.82

406.57

223.13

3320.12

1822.12

1000.00

548.81

301.19

1822.12

1000.00

548.81

1000.00

2459.60

1349.86

740.82

406.57

Asset Value ($)
First Cost ($)
Second Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$1000.00
$800.00
$600.00

5.00
7.00%
0.00%
30.00%

5

1.0000
1.3499
0.7408
54.46%

$253.61

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Solutions for Simultaneous Compound Option
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Creating and Solving a Sequential Option

Underlying Asset Lattice

399.37

157.15

562.54

241.97

66.58

277.82

777.69

361.21

118.32

6.27

First Phase Option Valuation Lattice

416.76

174.53

1445.17

758.50

342.01

89.40

0.00

0.00

1079.42

544.64

220.28

48.46

0.00

581.19

260.62

85.23

294.03

797.69

381.21

138.32

26.27

Second Phase Option Valuation Lattice

Decision Lattice (First Phase)

Continue

Continue

Continue

Continue

Continue

Continue

Execute

Execute

Execute

Execute

Continue

Continue

Execute

Execute

Execute

Execute

End

End

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Continue

Decision Lattice (Second Phase)

642.01

389.40

1745.17

1058.50

642.01

389.40

236.18

143.25

1359.14

824.36

500.00

303.27

183.94

824.36

500.00

303.27

500.00

1058.50

642.01

389.40

236.18

Asset Value ($)
Underlying Cost ($)
Option Cost ($)
Maturity (Years)
Option Time (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps

$500.00
$300.00
$20.00
5.00
3.00

7.00%
0.00%
25.00%

5

1.0000
1.2840
0.7788
58.13%

$277.82

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Solutions for Sequential Compound Option
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Creating and Solving a Changing Cost Option

567.63

281.88

2301.84

1143.06

567.63

281.88

139.98

69.51

1622.08

805.50

400.00

198.63

98.64

805.50

400.00

198.63

400.00

1143.06

567.63

281.88

139.98

292.63

65.66

1899.21

740.43

165.00

0.00

0.00

0.00

1256.05

439.48

76.15

0.00

0.00

503.00

126.05

16.22

165.36

810.31

237.97

35.14

0.00

Underlying Asset Lattice

Option Valuation Lattice

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Cost Growth Rate (%)

$400.00
$250.00

5.00
8.00%
2.00%
35.00%

5
10.00%

1.0000
1.4191
0.7047
49.99%

$165.36

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

250.00 275.00 302.50 332.75 366.03 402.63

Implementation Costs

Solutions for Changing Costs Option



234 EXERCISE SOLUTIONS

Underlying Asset Lattice

Creating and Solving a Changing Volatility Option

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
New Volatility (%)
New Volatility Step

$100.00
$90.00
5.00

7.00%
0.00%
30.00%

5
45.00%

3

100.00 100.00

182.21

54.88

604.96

245.96

100.00

385.74

156.83
245.96

332.01

134.99

54.88

211.70

86.07
134.99

182.21

74.08

30.12

116.18

47.24
74.08

134.99

74.08

100.00

40.66

16.53

63.76

25.92
40.66

1.0000
1.3499
0.7408
54.46%

$48.40

1.0000
1.5683
0.6376
46.73%

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions
First

Volatility
Second
Volatility

Solutions for Changing Volatility Option
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Option Valuation Lattice

48.40 40.65

112.94

9.69

514.96

155.96

10.00

301.83

72.92
167.72

242.01

44.99

0.00

127.78

19.60
65.41

92.21

0.00

0.00

40.17

0.00
17.50

74.61

24.76

10.00

0.00

0.00

4.36

0.00
1.90
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Creating and Solving a Barrier Option (Up and In Call)

269.97

148.16

896.34

491.92

269.97

148.16

81.31

44.63

664.02

364.42

200.00

109.76

60.24

364.42

200.00

109.76

200.00

491.92

269.97

148.16

81.31

150.77

44.41

746.34

341.92

119.97

0.00

0.00

0.00

521.34

221.74

58.17

0.00

0.00

235.50

78.44

13.68

93.82

356.20

134.65

28.21

0.00

Underlying Asset Lattice

Option Valuation Lattice

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
Barrier ($)

$200.00
$150.00

5.00
5.00%
0.00%
30.00%

5
$220.00

1.0000
1.3499
0.7408
50.97%

$93.82

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions

Solutions for Barrier Option
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Creating and Solving a Changing Volatility Option (Nonrecombining)

Asset Value ($)
Implementation Cost ($)
Maturity (Years)
Risk-free Rate (%)
Dividends (%)
Volatility (%)
Lattice Steps
New Volatility (%)
New Volatility Step

$100.00
$90.00

5.00
7.00%
0.00%
30.00%

5
45.00%

3

1.0000
1.3499
0.7408
54.46%

$48.40

1.0000
1.5683
0.6376
46.73%

Stepping-Time (dt)
Up Step-Size (up)
Down Step-Size (down)
Risk-neutral Probability (prob)

Lattice Results

Intermediate Calculations

Results

Assumptions
First

Volatility
Second
Volatility

Solutions for Changing Volatility Option (Nonrecombining Lattices)

Underlying Asset Lattice 604.96

245.96

245.96

100.00

332.01

134.99

134.99

54.88

182.21

74.08

74.08

30.12

385.74

156.83

211.70

86.07

116.18

47.24

211.70

86.07

116.18

47.24

63.76

25.92

245.96

134.99

74.08

182.21

100.00

100.00

54.88

134.99

74.08

40.66

74.08

134.99

100.00

332.01

134.99

134.99

54.88

182.21

74.08

74.08

30.21

100.00

40.66

40.66

16.53
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Option Valuation Lattice 514.96

155.96

155.96

10.00

242.01

44.99

44.99

0.00

92.21

0.00

0.00

0.00

301.83

72.92

127.78

19.60

40.17

0.00

127.78

19.60

40.17

0.00

4.36

0.00

167.72

65.41

17.50

112.94

40.65

40.65

9.69

65.41

17.50

1.90

24.76

74.61

48.40

242.01

44.99

44.99

0.00

92.21

0.00

0.00

0.00

10.00

0.00

0.00

0.00
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CHAPTER 9
Real Options Analysis Toolkit

Software Function 
Description for Excel

These functions are available for use only in the full version of the Real Op-
tions Analysis Toolkit software. Once installed, simply click on Start, se-

lect Programs and Real Options Analysis Toolkit. Then select Functions.
The software will be loaded into Excel, and the following models are acces-
sible through Excel by typing them directly in a spreadsheet or by clicking on
the Paste Equation Wizard and selecting the Financial/All categories. Scroll
down to the RO section for a listing of all the functions.

1. American 3D Binomial Two-Asset Call Option with Dual Strike
Prices. This European option is exercisable at termination, where the
value of the option depends on two correlated assets with different imple-
mentation strike costs, calculated using a combination of multiple binomial
lattices.

Function: RO3DBinomialAmericanCallDualStrike(1st Asset, 2nd Asset,
1st Quantity, 2nd Quantity, 1st Cost, 2nd Cost, Maturity Time, Riskfree, 1st
Carrying Cost, 2nd Carrying Cost, 1st Volatility, 2nd Volatility, Correlation,
Steps)

2. American 3D Binomial Two-Asset Call Option on the Maximum.
This European option is exercisable at termination, where the value of the
option depends on the maximum of two correlated underlying assets’ values,
calculated using a combination of multiple binomial lattices.

Function: RO3DBinomialAmericanCallMax(1st Asset, 2nd Asset, 1st
Quantity, 2nd Quantity, 1st Cost, 2nd Cost, Maturity Time, Riskfree, 1st
Carrying Cost, 2nd Carrying Cost, 1st Volatility, 2nd Volatility, Correla-
tion, Steps)

3. American 3D Binomial Two-Asset Call Option on the Minimum.
This European option is exercisable at termination, where the value of the



option depends on the minimum of two correlated underlying assets’ values,
calculated using a combination of multiple binomial lattices.

Function: RO3DBinomialAmericanCallMin(1st Asset, 2nd Asset, 1st
Quantity, 2nd Quantity, 1st Cost, 2nd Cost, Maturity Time, Riskfree, 1st
Carrying Cost, 2nd Carrying Cost, 1st Volatility, 2nd Volatility, Correla-
tion, Steps)

4. American 3D Binomial Two-Asset Portfolio Call Option. This
European option is exercisable at termination, where the value of the option
depends on the portfolio effect of two correlated underlying assets’ values,
calculated using a combination of multiple binomial lattices.

Function: RO3DBinomialAmericanCallPortfolio(1st Asset, 2nd Asset,
1st Quantity, 2nd Quantity, 1st Cost, 2nd Cost, Maturity Time, Riskfree,
1st Carrying Cost, 2nd Carrying Cost, 1st Volatility, 2nd Volatility, Corre-
lation, Steps)

5. American Call Option Approximation with a Single Dividend Pay-
ment. This American call option is based on a closed-form approximation
of a call that can be exercised at any time up to and including its expira-
tion date, and has a single lump-sum dividend payment in the future prior to
expiration.

Function: ROAmericanDividendCall(Asset, Cost, Dividend Time, Ex-
piration Time, Riskfree, Volatility, Dividend)

6. American Long-Term Call Option Approximation with a Dividend
Stream. This American call option is based on a closed-form approxima-
tion of a call, with a constant percent dividend stream and can be exercised
at any time up to and including its expiration date.

Function: ROAmericanLongTermCall(Asset, Cost, Time, Riskfree, Carry-
ing Cost, Volatility)

7. American Long-Term Put Option Approximation with a Dividend
Stream. This American put option is based on a closed-form approxima-
tion of a put, with a constant percent dividend stream and can be exercised
at any time up to and including its expiration date.

Function: ROAmericanLongTermPut(Asset, Cost, Time, Riskfree, Carry-
ing Cost, Volatility)

8. Single Barrier Option: Down-and-In Call. This European single
lower-barrier call option is exercisable only at expiration. The value of this
call option becomes activated only when the asset value breaches a lower
barrier.

Function: ROBarrierCallDownIn(Asset, Cost, Barrier, Cash Rebate, Time,
Riskfree, Carrying Cost, Volatility)
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9. Single Barrier Option: Down-and-Out Call. This European single
lower-barrier call option is exercisable only at expiration. This call option
becomes activated only when the asset value does not breach a lower barrier.

Function: ROBarrierCallDownOut(Asset, Cost, Barrier, Cash Rebate,
Time, Riskfree, Carrying Cost, Volatility)

10. Single Barrier Option: Up-and-In Call. This European single
upper-barrier call option is exercisable only at expiration. This call option
becomes activated only when the asset value breaches an upper barrier.

Function: ROBarrierCallUpIn(Asset, Cost, Barrier, Cash Rebate, Time,
Riskfree, Carrying Cost, Volatility)

11. Single Barrier Option: Up-and-Out Call. This European single
upper-barrier call option is exercisable only at expiration. This call option be-
comes activated only when the asset value does not breach an upper barrier.

Function: ROBarrierCallUpOut(Asset, Cost, Barrier, Cash Rebate,
Time, Riskfree, Carrying Cost, Volatility)

12. Single Barrier Option: Down-and-In Put. This European single
lower-barrier put option is exercisable only at expiration. This put option
becomes activated only when the asset value breaches a lower barrier.

Function: ROBarrierPutDownIn(Asset, Cost, Barrier, Cash Rebate,
Time, Riskfree, Carrying Cost, Volatility)

13. Single Barrier Option: Down-and-Out Put. This European single
lower-barrier put option is exercisable only at expiration. This put option
becomes activated only when the asset value does not breach a lower barrier.

Function: ROBarrierPutDownOut(Asset, Cost, Barrier, Cash Rebate,
Time, Riskfree, Carrying Cost, Volatility)

14. Single Barrier Option: Up-and-In Put. This European single
upper-barrier put option is exercisable only at expiration. The value of this
put option becomes in-the-money only when the asset value breaches an
upper barrier.

Function: ROBarrierPutUpIn(Asset, Cost, Barrier, Cash Rebate, Time,
Riskfree, Carrying Cost, Volatility)

15. Single Barrier Option: Up-and-Out Put. This European single
upper-barrier put option is exercisable only at expiration. This put option be-
comes activated only when the asset value does not breach an upper barrier.

Function: ROBarrierPutUpOut(Asset, Cost, Barrier, Cash Rebate,
Time, Riskfree, Carrying Cost, Volatility)

16. Basic Chooser Option. This option gives the holder the right to
choose between a call or put. Both calls and puts are constrained by the
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same expiration date and strike price. Either option may be exercised prior
to the expiration date.

Function: ROBasicChooser(Asset, Cost, Chooser Time 1, Maturity
Time 2, Riskfree, Carrying Cost, Volatility)

17. American Call Option Using the Binomial (Super Lattice) Ap-
proach. This American option gives the holder the right to execute its ex-
isting operations at any time within a particular period.

Function: ROBinomialAmerican(Asset, Cost, Time, Riskfree, Volatility,
Dividend, Steps)

18. American Abandonment Option Using the Binomial (Super Lat-
tice) Approach. This American option gives the holder the right to aban-
don existing operations at any time within a particular period and receive
the salvage value.

Function: ROBinomialAmericanAbandon(Salvage, Asset, Time, Risk-
free, Volatility, Dividend, Steps)

19. American Call Option Using the Binomial (Super Lattice) Ap-
proach. This American call option gives the holder the right to execute a
project at any time within a particular period at a set implementation cost,
calculated using the binomial approach with consideration for dividend
payments.

Function: ROBinomialAmericanCall(Asset, Cost, Time, Riskfree,
Volatility, Dividend, Steps)

20. American Contraction and Abandonment Option Using the Bi-
nomial Approach. This American option gives the holder the right to ei-
ther contract its existing operations by a contraction factor in order to create
some savings, or to abandon entirely its existing operations at any time
within a particular period and receive the salvage value.

Function: ROBinomialAmericanConAban(Salvage, Contraction, Sav-
ings, Asset, Time, Riskfree, Volatility, Dividend, Steps)

21. American Contraction and Expansion Option Using the Binomial
(Super Lattice) Approach. This American option gives the holder the
right to either contract its existing operations by a contraction factor in
order to create some savings in a market downturn, or to expand its exist-
ing operations at an expansion factor at any time within a particular period
by spending an appropriate implementation cost in a market upturn.

Function: ROBinomialAmericanConExp(Contraction, Savings, Expan-
sion, Asset, Cost, Time, Riskfree, Volatility, Dividend, Steps)

22. American Contraction, Expansion, and Abandonment Option
Using the Binomial (Super Lattice) Approach. This American option
gives the holder the right to choose among contracting its existing operations
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by a contraction factor in order to create some savings, or to expand its ex-
isting operations at an expansion factor by spending an appropriate imple-
mentation cost, or to abandon its operations entirely and receive a salvage
value at any time within a particular period.

Function: ROBinomialAmericanConExpAban(Salvage, Contraction,
Savings, Expansion, Asset, Cost, Time, Riskfree, Volatility, Dividend, Steps)

23. American Contraction Option Using the Binomial (Super Lattice)
Approach. This American option gives the holder the right to contract its
existing operations by a contraction factor in order to create some savings at
any time within a particular period.

Function: ROBinomialAmericanContract(Contraction, Asset, Savings,
Time, Riskfree, Volatility, Dividend, Steps)

24. American Expansion and Abandonment Option Using the Bino-
mial (Super Lattice) Approach. This American option gives the holder
the right to choose between expanding its existing operations at an expan-
sion factor by spending an appropriate implementation cost, or to abandon
its operations entirely and receive a salvage value at any time within a par-
ticular period.

Function: ROBinomialAmericanExpAban(Salvage, Expansion, Asset,
Cost, Time, Riskfree, Volatility, Dividend, Steps)

25. American Expansion Option Using the Binomial (Super Lattice)
Approach. This American option gives the holder the right to expand its
existing operations at an expansion factor by spending an appropriate im-
plementation cost at any time within a particular period.

Function: ROBinomialAmericanExpansion(Expansion, Asset, Cost,
Time, Riskfree, Volatility, Dividend, Steps)

26. American Put Option Using the Binomial (Super Lattice) Ap-
proach. This American put option approximation with dividends is exer-
cisable at any time within a particular period, calculated using the binomial
approach, with consideration for dividend payments.

Function: ROBinomialAmericanPut(Asset, Cost, Time, Riskfree, Volatil-
ity, Dividend, Steps)

27. American Sequential Compound Option Using the Binomial
(Super Lattice) Approach. This American option is the value of two op-
tion phases occurring in sequence, and is exercisable at any time within a
particular period, where the execution of the second option depends on the
successful implementation of the first option.

Function: ROBinomialAmericanSeqCompound(Asset, Underlying 1st
Cost, Option 2nd Cost, Underlying 1st Time, Option 2nd Time, Riskfree,
Volatility, Dividend, Steps)
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28. American Simultaneous Compound Option Using the Binomial
(Super Lattice) Approach. This American option is the value of two op-
tion phases occurring simultaneously, and is exercisable at any time within
a particular period, where the execution of the second option depends on the
successful implementation of the first option.

Function: ROBinomialAmericanSimCompound(Asset, Underlying Cost1,
Option Cost2, Maturity Time, Riskfree, Volatility, Dividend, Steps)

29. Changing Cost Option Using the Binomial (Super Lattice) Ap-
proach. This is the value of an American option with different imple-
mentation costs at different times, where the option is executable at any time
up to maturity.

Function: ROBinomialCost(Asset, Cost 1, Cost 2, Cost 3, Cost 4, Cost
5, Time 1, Time 2, Time 3, Time 4, Time 5, Volatility, Riskfree, Dividend,
Steps)

30. Binomial Lattice Down Jump Step-Size. This calculation is used in
obtaining the down jump step-size on a binomial lattice.

Function: ROBinomialDown(Volatility, Time, Steps)

31. European Call Option Using the Binomial (Super Lattice) Ap-
proach. This European call calculation is performed using a binomial ap-
proach and is exercisable only at termination.

Function: ROBinomialEuropeanCall(Asset, Cost, Time, Riskfree, Volatil-
ity, Dividend, Steps)

32. European Put Option Using the Binomial (Super Lattice) Ap-
proach. This European put calculation is performed using a binomial ap-
proach and is exercisable only at termination.

Function: ROBinomialEuropeanPut(Asset, Cost, Time, Riskfree,
Volatility, Dividend, Steps)

33. Binomial Lattice Risk-Neutral Probability. This calculation is
used in obtaining the risk-neutral probability on a binomial lattice.

Function: ROBinomialProb(Volatility, Time, Steps, Riskfree, Dividend)

34. Binomial Lattice Up Jump Step-Size. This calculation is used in
obtaining the up jump step-size on a binomial lattice.

Function: ROBinomialUp(Volatility, Time, Steps)

35. Black-Scholes Call Option with No Dividends. This European
call is calculated using the Black-Scholes model, with no dividend payments,
and exercisable only at expiration.

Function: ROBlackScholesCall(Asset, Cost, Time, Riskfree, Volatility)

36. Black-Scholes Call Option with a Carrying Cost. This European
call is calculated using the Generalized Black-Scholes model, with a carrying
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cost adjustment, and exercisable only at expiration. The carrying cost ad-
justment is simply the difference between the risk-free rate and the dividend
payments, both in percent.

Function: ROBlackScholesCarryingCall(Asset, Cost, Time, Riskfree,
Volatility, Carrying Cost)

37. Black-Scholes Put Option with a Carrying Cost. This European
put is calculated using the Generalized Black-Scholes model, with a carrying
cost adjustment, and exercisable only at expiration. The carrying cost ad-
justment is simply the difference between the risk-free rate and the dividend
payments, both in percent.

Function: ROBlackScholesCarryingPut(Asset, Cost, Time, Riskfree,
Volatility, Carrying Cost)

38. Black-Scholes Call Option with Dividends. This European call is
calculated using the Generalized Black-Scholes model, with a dividend
stream in percent and exercisable only at expiration.

Function: ROBlackScholesDividendCall(Asset, Cost, Time, Riskfree,
Volatility, Dividend)

39. Black-Scholes Put Option with Dividends. This European put is
calculated using the Generalized Black-Scholes model, with a dividend
stream in percent, and exercisable only at expiration.

Function: ROBlackScholesDividendPut(Asset, Cost, Time, Riskfree,
Volatility, Dividend)

40. Black-Scholes Put Option with No Dividends. This European put
is calculated using the Black-Scholes model, with no dividend payments,
and exercisable only at expiration.

Function: ROBlackScholesPut(Asset, Cost, Time, Riskfree, Volatility)

41. Complex Chooser Option. This European complex chooser option
is exercisable only at expiration. This option gives the option holder the
right to choose between a call or put at different times with different strike
prices. The same expiration date applies to both puts and calls.

Function: ROComplexChooser(Asset, Call Cost, Put Cost, Chooser
Time, Call End Time, Put End Time, Riskfree, Carrying Cost, Volatility)

42. Compound Call-on-Call Option. This European Compound op-
tion is exercisable only at expiration, where the value of the option depends
on another underlying option. This is the continuous counterpart of the Bi-
nomial Sequential Compound Option.

Function: ROCompoundCallonCall(Asset, Underlying Cost 1, Option
Cost 2, Option Time 1 , Underlying Time 2, Riskfree, Carrying Cost,
Volatility)
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43. Compound Put-on-Call Option. This European Compound option
is exercisable only at expiration, where the value of the option depends on
another underlying option. This option is the continuous counterpart of the
Binomial Sequential Compound Option.

Function: ROCompoundPutonCall(Asset, Underlying Cost 1, Option
Cost 2, Option Time 1, Underlying Time 2, Riskfree, Carrying Cost,
Volatility)

44. Simple Sequential Compound Option Using the Binomial (Super
Lattice) Approach. This American Compound option is exercisable at
any time up to expiration, where the value of the option depends on a series
of up to 10 other options, occurring in sequence. Each option phase has its
own implementation cost occurring at different times.

Function: ROCorrSeqCompound(Asset, Cost 1...Cost 11, Time 1...
Time 11, Riskfree, Volatility, Dividends, Steps)

45. Customized Complex Sequential Compound Option Using the Bi-
nomial (Super Lattice) Approach. This Customized American sequen-
tial phased compound option is exercisable at any time up to expiration,
where the value of the option depends on a series of up to four other phases,
occurring in sequence. Each option phase has its own asset value, volatility,
implementation cost, and different implementation times. In addition, at
any phase, there is an option to execute the expanded phase, abandon, or
contract. Please note that this function is not available in the Equation Wiz-
ard due to limitations in Excel, but is available by directly entering the func-
tion and its associated values in Excel.

Function: ROCustomLattice(Asset, Cost 1...Cost 4, Time 1...Time 4,
Riskfree, Volatility, Dividends, Steps, Expansion Phase 1, Expansion Phase
2, Expansion Phase 3, Expansion Phase 4, Abandon Value Phase 1, Aban-
don Value Phase 2, Abandon Value Phase 3, Abandon Value Phase 4, Con-
traction Phase 1, Contraction Phase 2, Contraction Phase 3, Contraction
Phase 4, Savings Phase 1, Savings Phase 2, Savings Phase 3, Savings Phase 4)

46. Double Barrier Option: Up-and-In, Down-and-In Call Option.
This European double-barrier call option becomes activated and in-the-
money when the asset value crosses above the upper barrier or below the
lower barrier and is exercisable only at expiration.

Function: RODoubleBarrierUIDICall(Asset, Cost, Lower Barrier, Upper
Barrier, Time, Riskfree, Carrying Cost, Volatility)

47. Double Barrier Option: Up-and-In, Down-and-In Put Option.
This European double-barrier put option becomes activated and in-the-
money when the asset value crosses above the upper barrier or below the
lower barrier and is exercisable only at expiration.
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Function: RODoubleBarrierUIDIPut(Asset, Cost, Lower Barrier, Upper
Barrier, Time, Riskfree, Carrying Cost, Volatility)

48. Double Barrier Option: Up-and-Out, Down-and-Out Call Option.
This European double-barrier call option becomes in-the-money and acti-
vated when the asset value does not breach the upper barrier or below the
lower barrier and is exercisable only at expiration.

Function: RODoubleBarrierUODOCall(Asset, Cost, Lower Barrier,
Upper Barrier, Time, Riskfree, Carrying Cost, Volatility)

49. Double Barrier Option: Up-and-Out, Down-and-Out Put Option.
This European double-barrier put option becomes in-the-money and acti-
vated when the asset value does not breach the upper barrier or below the
lower barrier and is exercisable only at expiration.

Function: RODoubleBarrierUODOPut(Asset, Cost, Lower Barrier,
Upper Barrier, Time, Riskfree, Carrying Cost, Volatility)

50. Forward Start Call Option. This European call option starts only
sometime in the future and is exercisable only at expiration.

Function: ROForwardStartCall(Asset, Alpha, Forward Time, Time to
Maturity, Riskfree, Carrying Cost, Volatility)

51. Forward Start Put Option. This European put option starts only
sometime in the future and is exercisable only at expiration.

Function: ROForwardStartPut(Asset, Alpha, Forward Time, Time to Ma-
turity, Riskfree, Carrying Cost, Volatility)

52. Futures Call Option. This European call option depends on an un-
derlying asset that resembles a futures contract and is exercisable only at
expiration.

Function: ROFuturesCall(Futures, Cost, Time, Riskfree, Volatility)

53. Futures Put Option. This European put option depends on an un-
derlying asset that resembles a futures contract and is exercisable only at
expiration.

Function: ROFuturesPut(Futures, Cost, Time, Riskfree, Volatility)

54. Standard-Normal Cumulative Distribution. This is the standard-
normal cumulative distribution of a Z-value, based on a normal distribution
with a mean of zero and variance of one.

Function: RONormDist(Z) or ROPhiDist(Z)

55. Multiple Volatility Option Analysis. This American option ap-
plies different volatilities at different times.

Function: ROMultiVolatility(Asset, Cost, Time, Riskfree, Volatility,
Dividend, Steps, Volatility 2, TimeStep 2, Volatility 3, TimeStep 3, Volatil-
ity 4, TimeStep 4, Volatility 5, TimeStep 5)
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56. Standard Bivariate-Normal Cumulative Distribution. This is the
standard Bivariate-Normal cumulative distribution of two correlated 
variables.

Function: ROOmegaDist(Variable 1, Variable 2, Correlation)

57. Stochastic Option Flexibility Parameter. This is the Flexibility Pa-
rameter calculated using stochastic methodologies, where the optimal exer-
cise price is obtained by multiplying this parameter with the option’s
implementation cost.

Function: ROStochasticFlexibility(Interest Rate, Opportunity Cost,
Volatility)

58. Stochastic Option Value. This is the stochastic valuation of an op-
tion based on its asset value, implementation cost, volatility, interest rate,
and opportunity cost.

Function: ROStochasticOptionValue (Interest Rate, Opportunity Cost,
Volatility, Implementation Cost, Asset Value)

59. Switching Option. This European switching option values two ex-
changeable assets, each with its own risk structure or volatility, but at the
same time may be correlated to each other. There is a cost associated with
switching, which is the cost multipler multipled by the value of the first
asset.

Function: ROSwitching(Asset 1, Asset 2, Volatility 1, Volatility 2, Cor-
relation, Cost Multiplier, Time, Riskfree)

60. Stochastic Timing Option—Option Value. This is the value of the
timing option assuming the execution of the option falls exactly on the op-
timal time to execute.

Function: ROTimingOption(Revenue, Operating Expenses, Implemen-
tation Cost, Time, Growth Rate, Discount Rate)

61. Stochastic Timing Option—Optimal Timing. This model pro-
vides the optimal time to execute an option given a growth rate in the asset
value and a discount rate.

Function: ROTimingTime(Revenue, Operating Expenses, Implementa-
tion Cost, Growth Rate, Discount Rate)

62. Stochastic Timing Option—Trigger Value. This is the optimal
trigger value on a timing option, where if the net value of the asset exceeds
this trigger, it is optimal to exercise the option immediately.

Function: ROTimingTrigger(Implementation Cost, Growth Rate, Dis-
count Rate)

63. Two-Asset Correlation Call Option. This European call option is
exercisable only at expiration, where the value of the option depends on two
correlated underlying assets.
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Function: ROTwoAssetCorrelationCall(Asset 1, Asset 2, Cost 1, 
Cost 2, Time, Dividend 1, Dividend 2, Riskfree, Volatility 1, Volatility 2,
Correlation)

64. Two-Asset Correlation Put Option. This European put option is
exercisable only at expiration, where the value of the option depends on two
correlated underlying assets.

Function: ROTwoAssetCorrelationPut(Asset 1, Asset 2, Cost 1, Cost 2,
Time, Dividend 1, Dividend 2, Riskfree, Volatility 1, Volatility 2, Correlation)

65. Call Sensitivity on Asset. This is the instantaneous sensitivity on
asset value, that is, the change in option value given a unit change in asset
value.

Function: ROSensitivityAsset(Asset, Cost, Time, Riskfree, Dividend,
Volatility)

66. Call Sensitivity on Cost. This is the instantaneous sensitivity on
cost, that is, the change in option value given a unit change in cost.

Function: ROSensitivityCost(Asset, Cost, Time, Riskfree, Dividend,
Volatility)

67. Call Sensitivity on Risk-Free. This is the instantaneous sensitivity
on risk-free rate, that is, the change in option value given a unit change in
risk-free rate.

Function: ROSensitivityRiskfree(Asset, Cost, Time, Riskfree, Dividend,
Volatility)

68. Call Sensitivity on Time. This is the instantaneous sensitivity on
time, that is, the change in option value given a unit change in time.

Function: ROSensitivityTime(Asset, Cost, Time, Riskfree, Dividend,
Volatility)

69. Call Sensitivity on Volatility. This is the instantaneous sensitivity
on volatility, that is, the change in option value given a unit change in
volatility.

Function: ROSensitivityVolatility(Asset, Cost, Time, Riskfree, Dividend,
Volatility)
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CHAPTER 10
Real Options Tables

REAL OPTIONS VALUE TABLES

Tables 10.1 through 10.7 provide the real options value of both American
and European options as a percentage of asset value. The columns list the
profitability ratio percentage, and the rows list the volatility of the underly-
ing asset. The tables assume a constant 5 percent risk-free rate and no divi-
dend outflows. In addition, tables for 1-, 3-, 5-, 7-, 10-, 15-, and 30-year
maturation periods are available. These tables are useful as a first pass at
certain projects to benchmark if a detailed real options analysis is warranted,
providing the analyst a first look at what the strategic option value may be.
Notice that as the profitability ratio or volatility increases, the value of the
option increases.

Example

Suppose a real option exists that has a $110 million present value of free
cash flows (S), $100 million in implementation costs (X), 33 percent volatil-
ity, 5 percent risk-free rate, and a 1-year maturity. Estimate the real options
value of this simple option.

The calculated profitability ratio is $110/$100 = 1.1 or 10 percent in-
the-money. Using the 1-year table, the options value as a percent of asset is
20.13 percent, for a 10 percent profitability ratio and 33 percent volatility,
which means that for the $110 asset value, the option value is 20.13 percent
of $110 or $22.15 million. In addition, if the asset value were $330 million,
then the option value is 20.13 percent of $330 million or $66.44 million as
long as the 10 percent profitability ratio remains the same (the implementa-
tion cost now becomes $300 million). The options value as a percentage of
asset value does not change as long as the maturity, profitability ratio, and
volatility remain constant for these tables.
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1

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 4.88%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.04% 4.94%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.35% 5.28%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.88% 5.83%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 1.52% 6.47%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.30% 2.22% 7.15%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.05% 0.60% 2.96% 7.86%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.13% 1.01% 3.72% 8.59%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.28% 1.49% 4.49% 9.33%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.06% 0.50% 2.03% 5.26% 10.08%
0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.13% 0.78% 2.63% 6.05% 10.83%
0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.24% 1.13% 3.26% 6.84% 11.58%
0.00% 0.00% 0.00% 0.00% 0.00% 0.05% 0.40% 1.54% 3.93% 7.63% 12.34%
0.00% 0.00% 0.00% 0.00% 0.01% 0.11% 0.61% 2.00% 4.62% 8.43% 13.09%
0.00% 0.00% 0.00% 0.00% 0.02% 0.18% 0.86% 2.50% 5.33% 9.22% 13.85%
0.00% 0.00% 0.00% 0.00% 0.04% 0.29% 1.17% 3.05% 6.06% 10.02% 14.61%
0.00% 0.00% 0.00% 0.00% 0.07% 0.44% 1.52% 3.63% 6.80% 10.82% 15.37%
0.00% 0.00% 0.00% 0.01% 0.12% 0.62% 1.92% 4.24% 7.55% 11.62% 16.13%
0.00% 0.00% 0.00% 0.02% 0.18% 0.84% 2.35% 4.88% 8.32% 12.42% 16.89%
0.00% 0.00% 0.00% 0.03% 0.27% 1.10% 2.82% 5.54% 9.09% 13.21% 17.64%
0.00% 0.00% 0.00% 0.05% 0.39% 1.39% 3.33% 6.22% 9.86% 14.01% 18.40%
0.00% 0.00% 0.00% 0.08% 0.53% 1.73% 3.87% 6.91% 10.64% 14.80% 19.16%
0.00% 0.00% 0.01% 0.13% 0.70% 2.10% 4.44% 7.62% 11.43% 15.60% 19.91%
0.00% 0.00% 0.01% 0.19% 0.91% 2.50% 5.03% 8.35% 12.22% 16.39% 20.67%
0.00% 0.00% 0.02% 0.26% 1.14% 2.93% 5.64% 9.09% 13.01% 17.18% 21.42%
0.00% 0.00% 0.03% 0.36% 1.41% 3.40% 6.28% 9.83% 13.80% 17.97% 22.17%
0.00% 0.00% 0.05% 0.48% 1.71% 3.90% 6.94% 10.59% 14.60% 18.76% 22.92%
0.00% 0.00% 0.08% 0.62% 2.03% 4.42% 7.61% 11.35% 15.40% 19.55% 23.66%
0.00% 0.00% 0.11% 0.78% 2.39% 4.96% 8.30% 12.12% 16.20% 20.33% 24.41%
0.00% 0.00% 0.16% 0.97% 2.78% 5.54% 9.00% 12.90% 16.99% 21.12% 25.15%
0.00% 0.00% 0.21% 1.18% 3.19% 6.13% 9.72% 13.68% 17.79% 21.90% 25.89%
0.00% 0.01% 0.29% 1.42% 3.63% 6.74% 10.44% 14.46% 18.59% 22.68% 26.63%
0.00% 0.01% 0.37% 1.69% 4.10% 7.37% 11.18% 15.25% 19.39% 23.45% 27.37%
0.00% 0.02% 0.47% 1.98% 4.59% 8.02% 11.92% 16.04% 20.18% 24.23% 28.10%
0.00% 0.03% 0.59% 2.30% 5.11% 8.68% 12.68% 16.83% 20.98% 25.00% 28.84%
0.00% 0.04% 0.73% 2.64% 5.65% 9.36% 13.44% 17.63% 21.77% 25.77% 29.57%
0.00% 0.06% 0.88% 3.01% 6.21% 10.05% 14.21% 18.42% 22.56% 26.53% 30.29%
0.00% 0.08% 1.06% 3.40% 6.79% 10.76% 14.98% 19.22% 23.35% 27.30% 31.02%
0.00% 0.11% 1.26% 3.82% 7.38% 11.47% 15.76% 20.02% 24.14% 28.06% 31.74%
0.00% 0.15% 1.48% 4.26% 8.00% 12.20% 16.54% 20.82% 24.93% 28.82% 32.46%
0.00% 0.19% 1.72% 4.72% 8.63% 12.94% 17.32% 21.61% 25.71% 29.57% 33.18%
0.00% 0.24% 1.98% 5.21% 9.28% 13.68% 18.11% 22.41% 26.49% 30.33% 33.89%
0.00% 0.30% 2.26% 5.72% 9.94% 14.43% 18.90% 23.21% 27.27% 31.07% 34.60%
0.00% 0.38% 2.57% 6.24% 10.62% 15.19% 19.70% 24.00% 28.05% 31.82% 35.31%
0.00% 0.46% 2.90% 6.79% 11.30% 15.95% 20.49% 24.80% 28.83% 32.56% 36.02%
0.00% 0.56% 3.25% 7.35% 12.00% 16.72% 21.29% 25.59% 29.60% 33.30% 36.72%
0.00% 0.67% 3.62% 7.93% 12.71% 17.50% 22.09% 26.38% 30.37% 34.04% 37.42%
0.00% 0.79% 4.01% 8.53% 13.43% 18.28% 22.88% 27.17% 31.13% 34.77% 38.11%
0.00% 0.93% 4.43% 9.15% 14.16% 19.06% 23.68% 27.96% 31.90% 35.50% 38.81%
0.00% 1.09% 4.86% 9.78% 14.90% 19.85% 24.48% 28.75% 32.66% 36.23% 39.50%
0.00% 1.26% 5.32% 10.42% 15.65% 20.64% 25.28% 29.53% 33.41% 36.95% 40.18%

Maturity

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

Year(s) Risk-Free Rate 5%
Profitability Ratio (% in-the-money)

–30.00% –20.00% –10.00% 0.00%–99% –90.00% –80.00% –70.00% –60.00% –50.00% –40.00%

TABLE 10.1 Real Options Value—1-Year Maturity

Note: Risk-free rate is 5 percent.
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13.52% 20.73% 26.83% 32.06% 36.58% 40.55% 44.05% 47.15% 49.94% 52.44%
13.52% 20.73% 26.83% 32.06% 36.58% 40.55% 44.05% 47.15% 49.94% 52.44%
13.53% 20.73% 26.83% 32.06% 36.58% 40.55% 44.05% 47.15% 49.94% 52.44%
13.57% 20.73% 26.83% 32.06% 36.58% 40.55% 44.05% 47.15% 49.94% 52.44%
13.71% 20.74% 26.83% 32.06% 36.58% 40.55% 44.05% 47.15% 49.94% 52.44%
13.97% 20.79% 26.83% 32.06% 36.58% 40.55% 44.05% 47.15% 49.94% 52.44%
14.32% 20.90% 26.86% 32.06% 36.59% 40.55% 44.05% 47.15% 49.94% 52.44%
14.76% 21.08% 26.92% 32.07% 36.59% 40.55% 44.05% 47.15% 49.94% 52.44%
15.24% 21.33% 27.02% 32.11% 36.60% 40.55% 44.05% 47.15% 49.94% 52.44%
15.78% 21.63% 27.17% 32.18% 36.63% 40.56% 44.05% 47.16% 49.94% 52.44%
16.34% 21.99% 27.37% 32.28% 36.67% 40.58% 44.06% 47.16% 49.94% 52.44%
16.94% 22.40% 27.62% 32.42% 36.75% 40.62% 44.08% 47.17% 49.94% 52.44%
17.55% 22.84% 27.91% 32.60% 36.85% 40.68% 44.11% 47.18% 49.95% 52.45%
18.18% 23.31% 28.23% 32.81% 36.99% 40.76% 44.16% 47.21% 49.97% 52.46%
18.82% 23.81% 28.60% 33.06% 37.16% 40.87% 44.23% 47.26% 49.99% 52.47%
19.47% 24.33% 28.99% 33.35% 37.35% 41.01% 44.32% 47.32% 50.03% 52.50%
20.13% 24.87% 29.41% 33.66% 37.58% 41.17% 44.43% 47.39% 50.09% 52.53%
20.80% 25.42% 29.85% 34.00% 37.84% 41.36% 44.57% 47.49% 50.16% 52.58%
21.47% 25.99% 30.31% 34.36% 38.12% 41.57% 44.73% 47.61% 50.24% 52.65%
22.15% 26.57% 30.79% 34.75% 38.42% 41.81% 44.91% 47.75% 50.35% 52.73%
22.83% 27.16% 31.28% 35.15% 38.75% 42.07% 45.11% 47.91% 50.47% 52.82%
23.52% 27.75% 31.79% 35.57% 39.09% 42.34% 45.34% 48.09% 50.62% 52.94%
24.20% 28.36% 32.30% 36.01% 39.46% 42.64% 45.58% 48.29% 50.78% 53.06%
24.89% 28.97% 32.83% 36.46% 39.83% 42.96% 45.84% 48.50% 50.95% 53.21%
25.58% 29.58% 33.37% 36.92% 40.23% 43.29% 46.12% 48.74% 51.15% 53.37%
26.27% 30.20% 33.91% 37.39% 40.63% 43.64% 46.42% 48.99% 51.36% 53.55%
26.96% 30.82% 34.46% 37.88% 41.05% 44.00% 46.73% 49.25% 51.58% 53.74%
27.65% 31.44% 35.02% 38.37% 41.48% 44.37% 47.05% 49.53% 51.82% 53.95%
28.34% 32.07% 35.58% 38.87% 41.92% 44.76% 47.39% 49.82% 52.08% 54.16%
29.03% 32.70% 36.15% 39.37% 42.37% 45.15% 47.73% 50.12% 52.34% 54.40%
29.72% 33.33% 36.72% 39.88% 42.82% 45.56% 48.09% 50.44% 52.62% 54.64%
30.40% 33.96% 37.29% 40.40% 43.29% 45.97% 48.46% 50.76% 52.91% 54.90%
31.09% 34.59% 37.87% 40.92% 43.75% 46.39% 48.83% 51.10% 53.21% 55.16%
31.78% 35.22% 38.44% 41.44% 44.23% 46.82% 49.22% 51.44% 53.51% 55.44%
32.46% 35.86% 39.02% 41.97% 44.71% 47.25% 49.61% 51.80% 53.83% 55.73%
33.14% 36.49% 39.61% 42.50% 45.19% 47.69% 50.01% 52.16% 54.16% 56.02%
33.83% 37.12% 40.19% 43.04% 45.68% 48.13% 50.41% 52.52% 54.49% 56.32%
34.50% 37.75% 40.77% 43.57% 46.17% 48.58% 50.82% 52.90% 54.83% 56.63%
35.18% 38.38% 41.35% 44.11% 46.66% 49.03% 51.23% 53.28% 55.18% 56.95%
35.86% 39.01% 41.94% 44.65% 47.16% 49.49% 51.65% 53.66% 55.53% 57.27%
36.53% 39.64% 42.52% 45.19% 47.66% 49.95% 52.08% 54.05% 55.89% 57.60%
37.20% 40.27% 43.11% 45.73% 48.16% 50.41% 52.50% 54.45% 56.25% 57.94%
37.87% 40.89% 43.69% 46.27% 48.66% 50.88% 52.93% 54.84% 56.62% 58.28%
38.54% 41.52% 44.27% 46.81% 49.17% 51.34% 53.37% 55.25% 56.99% 58.63%
39.20% 42.14% 44.85% 47.36% 49.67% 51.81% 53.80% 55.65% 57.37% 58.98%
39.87% 42.76% 45.43% 47.90% 50.18% 52.28% 54.24% 56.06% 57.75% 59.33%
40.53% 43.38% 46.01% 48.44% 50.68% 52.76% 54.68% 56.47% 58.13% 59.69%
41.18% 44.00% 46.59% 48.98% 51.19% 53.23% 55.12% 56.88% 58.52% 60.05%
41.84% 44.61% 47.17% 49.52% 51.69% 53.70% 55.57% 57.30% 58.91% 60.41%
42.49% 45.23% 47.74% 50.06% 52.20% 54.18% 56.01% 57.71% 59.30% 60.78%
43.13% 45.84% 48.32% 50.60% 52.70% 54.65% 56.45% 58.13% 59.69% 61.14%

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

TABLE 10.1 Continued
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0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 4.37% 13.93%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.19% 4.92% 13.93%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.03% 1.00% 6.00% 14.06%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.24% 2.11% 7.23% 14.51%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.07% 0.74% 3.35% 8.51% 15.22%
0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.26% 1.49% 4.65% 9.81% 16.10%
0.00% 0.00% 0.00% 0.00% 0.00% 0.08% 0.62% 2.42% 5.99% 11.12% 17.08%
0.00% 0.00% 0.00% 0.00% 0.02% 0.22% 1.16% 3.47% 7.35% 12.44% 18.13%
0.00% 0.00% 0.00% 0.00% 0.06% 0.49% 1.86% 4.62% 8.72% 13.76% 19.22%
0.00% 0.00% 0.00% 0.01% 0.16% 0.88% 2.70% 5.84% 10.10% 15.08% 20.35%
0.00% 0.00% 0.00% 0.03% 0.33% 1.40% 3.65% 7.10% 11.48% 16.40% 21.50%
0.00% 0.00% 0.00% 0.08% 0.60% 2.05% 4.68% 8.40% 12.86% 17.72% 22.67%
0.00% 0.00% 0.01% 0.18% 0.96% 2.80% 5.80% 9.72% 14.25% 19.04% 23.84%
0.00% 0.00% 0.02% 0.32% 1.43% 3.66% 6.97% 11.07% 15.63% 20.35% 25.02%
0.00% 0.00% 0.05% 0.54% 1.99% 4.60% 8.18% 12.43% 17.00% 21.65% 26.21%
0.00% 0.00% 0.11% 0.83% 2.65% 5.61% 9.44% 13.79% 18.37% 22.96% 27.40%
0.00% 0.00% 0.19% 1.20% 3.40% 6.69% 10.73% 15.17% 19.74% 24.25% 28.59%
0.00% 0.01% 0.32% 1.65% 4.23% 7.82% 12.04% 16.55% 21.10% 25.54% 29.78%
0.00% 0.02% 0.50% 2.18% 5.14% 9.01% 13.38% 17.93% 22.46% 26.83% 30.96%
0.00% 0.04% 0.73% 2.80% 6.11% 10.23% 14.73% 19.31% 23.81% 28.10% 32.15%
0.00% 0.07% 1.03% 3.49% 7.15% 11.48% 16.09% 20.69% 25.15% 29.37% 33.33%
0.00% 0.12% 1.38% 4.26% 8.24% 12.77% 17.46% 22.07% 26.49% 30.64% 34.50%
0.00% 0.19% 1.81% 5.10% 9.38% 14.08% 18.83% 23.44% 27.81% 31.89% 35.67%
0.00% 0.28% 2.30% 6.00% 10.56% 15.40% 20.21% 24.81% 29.13% 33.14% 36.83%
0.00% 0.41% 2.87% 6.96% 11.77% 16.75% 21.59% 26.18% 30.44% 34.38% 37.99%
0.00% 0.58% 3.50% 7.97% 13.02% 18.10% 22.98% 27.53% 31.74% 35.61% 39.14%
0.00% 0.79% 4.20% 9.04% 14.29% 19.47% 24.36% 28.88% 33.03% 36.82% 40.28%
0.00% 1.05% 4.96% 10.15% 15.59% 20.84% 25.73% 30.22% 34.31% 38.03% 41.42%
0.00% 1.36% 5.78% 11.31% 16.91% 22.22% 27.11% 31.55% 35.58% 39.24% 42.55%
0.00% 1.72% 6.66% 12.49% 18.25% 23.60% 28.47% 32.88% 36.84% 40.43% 43.66%
0.00% 2.13% 7.59% 13.72% 19.60% 24.98% 29.84% 34.19% 38.09% 41.61% 44.77%
0.00% 2.60% 8.58% 14.97% 20.96% 26.36% 31.19% 35.49% 39.33% 42.77% 45.87%
0.01% 3.13% 9.61% 16.25% 22.33% 27.74% 32.54% 36.78% 40.56% 43.93% 46.96%
0.01% 3.72% 10.69% 17.55% 23.70% 29.12% 33.87% 38.06% 41.77% 45.08% 48.04%
0.02% 4.36% 11.81% 18.87% 25.08% 30.49% 35.20% 39.33% 42.98% 46.21% 49.11%
0.03% 5.05% 12.96% 20.20% 26.46% 31.85% 36.52% 40.59% 44.17% 47.34% 50.17%
0.05% 5.81% 14.15% 21.55% 27.84% 33.21% 37.83% 41.83% 45.35% 48.45% 51.22%
0.08% 6.61% 15.37% 22.91% 29.23% 34.56% 39.12% 43.06% 46.51% 49.55% 52.25%
0.11% 7.47% 16.62% 24.28% 30.60% 35.90% 40.40% 44.28% 47.66% 50.64% 53.28%
0.16% 8.38% 17.90% 25.65% 31.98% 37.23% 41.68% 45.49% 48.80% 51.71% 54.29%
0.21% 9.33% 19.19% 27.03% 33.35% 38.55% 42.93% 46.68% 49.93% 52.78% 55.30%
0.29% 10.33% 20.50% 28.41% 34.71% 39.86% 44.18% 47.86% 51.04% 53.83% 56.29%
0.38% 11.37% 21.83% 29.79% 36.06% 41.16% 45.41% 49.02% 52.14% 54.86% 57.27%
0.49% 12.45% 23.18% 31.17% 37.41% 42.45% 46.63% 50.17% 53.22% 55.89% 58.23%
0.62% 13.57% 24.53% 32.55% 38.74% 43.72% 47.83% 51.31% 54.30% 56.90% 59.19%
0.78% 14.72% 25.90% 33.93% 40.07% 44.98% 49.02% 52.43% 55.35% 57.89% 60.13%
0.97% 15.91% 27.27% 35.30% 41.38% 46.22% 50.20% 53.54% 56.40% 58.88% 61.06%
1.19% 17.12% 28.65% 36.66% 42.69% 47.46% 51.36% 54.63% 57.42% 59.85% 61.97%
1.44% 18.37% 30.03% 38.01% 43.98% 48.67% 52.50% 55.70% 58.44% 60.80% 62.88%
1.72% 19.63% 31.41% 39.36% 45.25% 49.87% 53.63% 56.77% 59.44% 61.75% 63.77%
2.04% 20.92% 32.79% 40.70% 46.52% 51.06% 54.74% 57.81% 60.42% 62.67% 64.65%

Maturity

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

Year(s) Risk-Free Rate 5%
Profitability Ratio (% in-the-money)

–30.00% –20.00% –10.00% 0.00%–99% –90.00% –80.00% –70.00% –60.00% –50.00% –40.00%

TABLE 10.2 Real Options Value—3-Year Maturity

Note: Risk-free rate is 5 percent.
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21.75% 28.27% 33.79% 38.52% 42.62% 46.21% 49.37% 52.18% 54.70% 56.96%
21.75% 28.27% 33.79% 38.52% 42.62% 46.21% 49.37% 52.18% 54.70% 56.96%
21.76% 28.27% 33.79% 38.52% 42.62% 46.21% 49.37% 52.18% 54.70% 56.96%
21.84% 28.28% 33.79% 38.52% 42.62% 46.21% 49.37% 52.18% 54.70% 56.96%
22.09% 28.35% 33.81% 38.52% 42.62% 46.21% 49.37% 52.18% 54.70% 56.96%
22.54% 28.54% 33.88% 38.55% 42.63% 46.21% 49.37% 52.18% 54.70% 56.96%
23.14% 28.86% 34.03% 38.62% 42.66% 46.22% 49.38% 52.19% 54.70% 56.96%
23.87% 29.32% 34.29% 38.76% 42.73% 46.26% 49.40% 52.19% 54.71% 56.97%
24.69% 29.88% 34.66% 38.99% 42.87% 46.34% 49.44% 52.22% 54.72% 56.98%
25.57% 30.53% 35.13% 39.31% 43.08% 46.48% 49.53% 52.28% 54.76% 57.00%
26.51% 31.26% 35.67% 39.71% 43.37% 46.68% 49.67% 52.38% 54.83% 57.05%
27.48% 32.05% 36.28% 40.18% 43.72% 46.95% 49.87% 52.52% 54.93% 57.12%
28.49% 32.88% 36.96% 40.71% 44.14% 47.27% 50.12% 52.72% 55.08% 57.24%
29.52% 33.75% 37.68% 41.30% 44.62% 47.66% 50.43% 52.96% 55.27% 57.39%
30.56% 34.65% 38.44% 41.94% 45.15% 48.09% 50.78% 53.25% 55.51% 57.58%
31.62% 35.57% 39.23% 42.61% 45.72% 48.57% 51.19% 53.59% 55.79% 57.82%
32.68% 36.51% 40.05% 43.32% 46.33% 49.09% 51.63% 53.97% 56.11% 58.09%
33.76% 37.46% 40.89% 44.06% 46.97% 49.65% 52.12% 54.38% 56.48% 58.41%
34.84% 38.43% 41.75% 44.82% 47.64% 50.24% 52.63% 54.84% 56.87% 58.75%
35.92% 39.41% 42.63% 45.60% 48.34% 50.85% 53.18% 55.32% 57.30% 59.13%
37.00% 40.39% 43.52% 46.40% 49.05% 51.49% 53.75% 55.83% 57.75% 59.54%
38.08% 41.38% 44.41% 47.21% 49.78% 52.15% 54.34% 56.36% 58.24% 59.97%
39.16% 42.37% 45.32% 48.03% 50.53% 52.83% 54.96% 56.92% 58.74% 60.43%
40.23% 43.36% 46.22% 48.86% 51.29% 53.52% 55.59% 57.50% 59.26% 60.90%
41.31% 44.35% 47.14% 49.70% 52.05% 54.23% 56.23% 58.09% 59.81% 61.40%
42.38% 45.34% 48.05% 50.54% 52.83% 54.94% 56.89% 58.69% 60.36% 61.92%
43.44% 46.33% 48.97% 51.39% 53.61% 55.66% 57.56% 59.31% 60.93% 62.44%
44.50% 47.31% 49.88% 52.24% 54.40% 56.39% 58.23% 59.94% 61.52% 62.99%
45.55% 48.29% 50.79% 53.08% 55.19% 57.13% 58.92% 60.57% 62.11% 63.54%
46.60% 49.27% 51.70% 53.93% 55.98% 57.87% 59.61% 61.22% 62.71% 64.10%
47.64% 50.24% 52.61% 54.78% 56.77% 58.61% 60.30% 61.86% 63.32% 64.67%
48.67% 51.21% 53.52% 55.63% 57.57% 59.35% 60.99% 62.52% 63.93% 65.25%
49.69% 52.17% 54.42% 56.47% 58.36% 60.09% 61.69% 63.17% 64.55% 65.83%
50.71% 53.12% 55.31% 57.31% 59.15% 60.84% 62.39% 63.83% 65.17% 66.41%
51.71% 54.06% 56.20% 58.15% 59.94% 61.58% 63.09% 64.49% 65.79% 67.00%
52.71% 55.00% 57.08% 58.98% 60.72% 62.32% 63.79% 65.15% 66.42% 67.60%
53.70% 55.93% 57.96% 59.81% 61.50% 63.06% 64.49% 65.82% 67.05% 68.19%
54.67% 56.85% 58.83% 60.63% 62.28% 63.79% 65.18% 66.47% 67.67% 68.79%
55.64% 57.77% 59.69% 61.45% 63.05% 64.52% 65.88% 67.13% 68.30% 69.38%
56.60% 58.67% 60.55% 62.25% 63.81% 65.25% 66.57% 67.79% 68.92% 69.97%
57.54% 59.57% 61.39% 63.06% 64.57% 65.97% 67.25% 68.44% 69.54% 70.57%
58.48% 60.45% 62.23% 63.85% 65.33% 66.68% 67.93% 69.09% 70.16% 71.16%
59.41% 61.33% 63.06% 64.64% 66.07% 67.39% 68.61% 69.73% 70.78% 71.75%
60.32% 62.19% 63.88% 65.41% 66.81% 68.10% 69.28% 70.37% 71.39% 72.33%
61.22% 63.05% 64.69% 66.18% 67.55% 68.80% 69.95% 71.01% 72.00% 72.91%
62.11% 63.89% 65.49% 66.95% 68.27% 69.49% 70.61% 71.64% 72.60% 73.49%
62.99% 64.72% 66.28% 67.70% 68.99% 70.17% 71.26% 72.27% 73.20% 74.06%
63.86% 65.55% 67.07% 68.44% 69.70% 70.85% 71.91% 72.88% 73.79% 74.63%
64.72% 66.36% 67.84% 69.18% 70.40% 71.52% 72.55% 73.50% 74.38% 75.20%
65.56% 67.16% 68.60% 69.90% 71.09% 72.18% 73.18% 74.10% 74.96% 75.76%
66.39% 67.95% 69.35% 70.62% 71.77% 72.83% 73.81% 74.70% 75.54% 76.31%

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

TABLE 10.2 Continued
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0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 2.77% 13.47% 22.12%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.17% 4.17% 13.50% 22.12%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.04% 1.07% 5.85% 13.95% 22.16%
0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.35% 2.43% 7.57% 14.86% 22.44%
0.00% 0.00% 0.00% 0.00% 0.00% 0.12% 1.05% 3.99% 9.30% 16.05% 23.03%
0.00% 0.00% 0.00% 0.00% 0.04% 0.43% 2.07% 5.66% 11.04% 17.39% 23.86%
0.00% 0.00% 0.00% 0.01% 0.15% 1.00% 3.32% 7.38% 12.78% 18.81% 24.87%
0.00% 0.00% 0.00% 0.03% 0.41% 1.80% 4.74% 9.14% 14.51% 20.28% 26.00%
0.00% 0.00% 0.00% 0.12% 0.84% 2.82% 6.27% 10.91% 16.24% 21.78% 27.21%
0.00% 0.00% 0.02% 0.29% 1.46% 4.01% 7.88% 12.69% 17.96% 23.31% 28.49%
0.00% 0.00% 0.05% 0.58% 2.26% 5.34% 9.56% 14.47% 19.67% 24.84% 29.80%
0.00% 0.00% 0.13% 1.00% 3.22% 6.78% 11.27% 16.26% 21.38% 26.39% 31.14%
0.00% 0.00% 0.26% 1.57% 4.33% 8.30% 13.01% 18.04% 23.07% 27.93% 32.50%
0.00% 0.01% 0.48% 2.29% 5.57% 9.90% 14.77% 19.81% 24.76% 29.47% 33.88%
0.00% 0.04% 0.80% 3.15% 6.92% 11.55% 16.55% 21.58% 26.43% 31.01% 35.26%
0.00% 0.08% 1.23% 4.14% 8.35% 13.24% 18.33% 23.33% 28.10% 32.54% 36.65%
0.00% 0.16% 1.77% 5.24% 9.87% 14.96% 20.11% 25.08% 29.75% 34.07% 38.04%
0.00% 0.28% 2.43% 6.46% 11.44% 16.71% 21.90% 26.81% 31.38% 35.59% 39.43%
0.00% 0.46% 3.21% 7.77% 13.07% 18.48% 23.67% 28.53% 33.00% 37.09% 40.81%
0.00% 0.70% 4.11% 9.17% 14.74% 20.25% 25.45% 30.24% 34.61% 38.59% 42.19%
0.00% 1.03% 5.11% 10.64% 16.45% 22.03% 27.21% 31.93% 36.20% 40.07% 43.56%
0.00% 1.44% 6.22% 12.18% 18.18% 23.82% 28.96% 33.60% 37.78% 41.54% 44.92%
0.00% 1.94% 7.42% 13.77% 19.94% 25.60% 30.70% 35.26% 39.34% 42.99% 46.27%
0.00% 2.53% 8.71% 15.41% 21.71% 27.38% 32.42% 36.90% 40.88% 44.43% 47.61%
0.01% 3.23% 10.07% 17.09% 23.48% 29.15% 34.13% 38.52% 42.40% 45.86% 48.94%
0.01% 4.02% 11.51% 18.79% 25.27% 30.91% 35.82% 40.12% 43.91% 47.26% 50.25%
0.03% 4.90% 13.01% 20.53% 27.05% 32.66% 37.50% 41.71% 45.40% 48.65% 51.55%
0.05% 5.88% 14.57% 22.28% 28.83% 34.39% 39.15% 43.27% 46.86% 50.03% 52.84%
0.08% 6.95% 16.17% 24.05% 30.61% 36.11% 40.79% 44.81% 48.31% 51.38% 54.10%
0.12% 8.10% 17.82% 25.83% 32.38% 37.81% 42.40% 46.33% 49.74% 52.72% 55.36%
0.19% 9.33% 19.50% 27.61% 34.13% 39.50% 43.99% 47.83% 51.14% 54.04% 56.59%
0.28% 10.64% 21.21% 29.39% 35.88% 41.16% 45.56% 49.30% 52.52% 55.33% 57.81%
0.39% 12.02% 22.95% 31.17% 37.61% 42.80% 47.11% 50.76% 53.89% 56.61% 59.01%
0.55% 13.46% 24.70% 32.95% 39.32% 44.42% 48.64% 52.19% 55.23% 57.87% 60.19%
0.74% 14.96% 26.47% 34.72% 41.01% 46.02% 50.14% 53.59% 56.55% 59.11% 61.36%
0.99% 16.51% 28.25% 36.48% 42.69% 47.60% 51.61% 54.97% 57.84% 60.32% 62.50%
1.28% 18.11% 30.03% 38.22% 44.34% 49.15% 53.06% 56.33% 59.11% 61.52% 63.63%
1.63% 19.75% 31.81% 39.95% 45.97% 50.67% 54.49% 57.67% 60.36% 62.69% 64.73%
2.04% 21.42% 33.60% 41.66% 47.58% 52.17% 55.89% 58.97% 61.59% 63.85% 65.82%
2.52% 23.12% 35.37% 43.35% 49.16% 53.65% 57.26% 60.26% 62.79% 64.98% 66.88%
3.06% 24.85% 37.14% 45.03% 50.71% 55.10% 58.61% 61.52% 63.97% 66.09% 67.93%
3.68% 26.60% 38.90% 46.67% 52.25% 56.52% 59.93% 62.75% 65.13% 67.17% 68.95%
4.37% 28.36% 40.64% 48.30% 53.75% 57.91% 61.23% 63.96% 66.26% 68.24% 69.96%
5.13% 30.13% 42.37% 49.90% 55.23% 59.27% 62.50% 65.14% 67.37% 69.28% 70.94%
5.97% 31.92% 44.08% 51.48% 56.68% 60.61% 63.74% 66.30% 68.46% 70.30% 71.90%
6.88% 33.70% 45.77% 53.02% 58.10% 61.92% 64.95% 67.44% 69.52% 71.30% 72.84%
7.87% 35.48% 47.43% 54.55% 59.49% 63.20% 66.14% 68.54% 70.55% 72.27% 73.76%
8.93% 37.26% 49.08% 56.04% 60.85% 64.46% 67.30% 69.62% 71.57% 73.23% 74.66%

10.06% 39.03% 50.70% 57.50% 62.18% 65.68% 68.44% 70.68% 72.56% 74.16% 75.54%
11.26% 40.79% 52.29% 58.94% 63.49% 66.88% 69.54% 71.71% 73.52% 75.07% 76.40%
12.52% 42.54% 53.86% 60.34% 64.76% 68.05% 70.62% 72.72% 74.47% 75.95% 77.24%

Maturity

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

Year(s) Risk-Free Rate 5%
Profitability Ratio (% in-the-money)

–30.00% –20.00% –10.00% 0.00%–99% –90.00% –80.00% –70.00% –60.00% –50.00% –40.00%

TABLE 10.3 Real Options Value—5-Year Maturity

Note: Risk-free rate is 5 percent.
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29.20% 35.10% 40.09% 44.37% 48.08% 51.32% 54.19% 56.73% 59.01% 61.06%
29.20% 35.10% 40.09% 44.37% 48.08% 51.32% 54.19% 56.73% 59.01% 61.06%
29.20% 35.10% 40.09% 44.37% 48.08% 51.32% 54.19% 56.73% 59.01% 61.06%
29.26% 35.11% 40.09% 44.37% 48.08% 51.32% 54.19% 56.73% 59.01% 61.06%
29.50% 35.19% 40.12% 44.38% 48.08% 51.33% 54.19% 56.73% 59.01% 61.06%
29.95% 35.41% 40.22% 44.42% 48.10% 51.33% 54.19% 56.73% 59.01% 61.06%
30.60% 35.80% 40.44% 44.55% 48.17% 51.37% 54.21% 56.74% 59.02% 61.06%
31.40% 36.35% 40.80% 44.77% 48.31% 51.46% 54.26% 56.78% 59.04% 61.08%
32.33% 37.03% 41.29% 45.11% 48.55% 51.62% 54.37% 56.85% 59.09% 61.11%
33.35% 37.82% 41.89% 45.57% 48.88% 51.86% 54.56% 56.98% 59.18% 61.18%
34.43% 38.70% 42.59% 46.11% 49.31% 52.20% 54.81% 57.18% 59.34% 61.30%
35.57% 39.64% 43.36% 46.75% 49.82% 52.61% 55.14% 57.45% 59.55% 61.47%
36.75% 40.64% 44.21% 47.45% 50.41% 53.10% 55.55% 57.78% 59.83% 61.70%
37.95% 41.69% 45.10% 48.22% 51.06% 53.65% 56.02% 58.18% 60.16% 61.99%
39.18% 42.77% 46.05% 49.04% 51.77% 54.26% 56.55% 58.64% 60.56% 62.33%
40.42% 43.87% 47.02% 49.89% 52.52% 54.92% 57.13% 59.15% 61.01% 62.72%
41.68% 44.99% 48.02% 50.79% 53.31% 55.63% 57.75% 59.70% 61.50% 63.16%
42.94% 46.13% 49.05% 51.71% 54.14% 56.37% 58.41% 60.30% 62.03% 63.64%
44.20% 47.28% 50.09% 52.65% 54.99% 57.14% 59.11% 60.93% 62.60% 64.15%
45.46% 48.43% 51.14% 53.60% 55.86% 57.93% 59.83% 61.58% 63.20% 64.70%
46.72% 49.59% 52.20% 54.58% 56.75% 58.75% 60.58% 62.27% 63.83% 65.28%
47.98% 50.75% 53.26% 55.56% 57.65% 59.58% 61.34% 62.98% 64.48% 65.88%
49.23% 51.90% 54.33% 56.54% 58.57% 60.42% 62.13% 63.70% 65.15% 66.50%
50.47% 53.06% 55.40% 57.53% 59.48% 61.27% 62.92% 64.44% 65.84% 67.14%
51.71% 54.20% 56.47% 58.53% 60.41% 62.13% 63.72% 65.19% 66.54% 67.80%
52.93% 55.34% 57.53% 59.52% 61.33% 63.00% 64.53% 65.94% 67.25% 68.47%
54.14% 56.48% 58.59% 60.51% 62.26% 63.87% 65.34% 66.71% 67.97% 69.14%
55.34% 57.60% 59.64% 61.49% 63.18% 64.73% 66.16% 67.48% 68.70% 69.83%
56.53% 58.71% 60.68% 62.47% 64.11% 65.60% 66.98% 68.25% 69.42% 70.52%
57.71% 59.82% 61.72% 63.45% 65.02% 66.47% 67.79% 69.02% 70.15% 71.21%
58.87% 60.90% 62.74% 64.41% 65.93% 67.33% 68.61% 69.79% 70.89% 71.90%
60.01% 61.98% 63.76% 65.37% 66.84% 68.18% 69.42% 70.56% 71.62% 72.60%
61.14% 63.04% 64.76% 66.32% 67.73% 69.03% 70.22% 71.32% 72.34% 73.29%
62.25% 64.09% 65.75% 67.25% 68.62% 69.87% 71.02% 72.09% 73.07% 73.98%
63.35% 65.13% 66.73% 68.18% 69.50% 70.71% 71.82% 72.84% 73.79% 74.67%
64.43% 66.15% 67.69% 69.09% 70.37% 71.53% 72.60% 73.59% 74.50% 75.35%
65.49% 67.15% 68.64% 69.99% 71.22% 72.35% 73.38% 74.33% 75.21% 76.03%
66.53% 68.13% 69.58% 70.88% 72.07% 73.15% 74.15% 75.06% 75.91% 76.70%
67.56% 69.10% 70.50% 71.75% 72.90% 73.94% 74.90% 75.79% 76.61% 77.37%
68.56% 70.06% 71.40% 72.61% 73.72% 74.72% 75.65% 76.50% 77.29% 78.03%
69.55% 70.99% 72.29% 73.46% 74.52% 75.49% 76.39% 77.21% 77.97% 78.68%
70.52% 71.91% 73.16% 74.29% 75.31% 76.25% 77.11% 77.90% 78.64% 79.32%
71.47% 72.81% 74.02% 75.10% 76.09% 76.99% 77.82% 78.59% 79.29% 79.95%
72.40% 73.69% 74.86% 75.90% 76.86% 77.73% 78.52% 79.26% 79.94% 80.57%
73.31% 74.56% 75.68% 76.69% 77.61% 78.44% 79.21% 79.92% 80.57% 81.18%
74.20% 75.41% 76.48% 77.46% 78.34% 79.15% 79.89% 80.57% 81.20% 81.78%
75.07% 76.23% 77.27% 78.21% 79.06% 79.84% 80.55% 81.20% 81.81% 82.37%
75.93% 77.04% 78.05% 78.95% 79.77% 80.51% 81.20% 81.83% 82.41% 82.95%
76.76% 77.84% 78.80% 79.67% 80.46% 81.17% 81.83% 82.44% 83.00% 83.52%
77.57% 78.61% 79.54% 80.37% 81.13% 81.82% 82.45% 83.04% 83.58% 84.08%
78.37% 79.36% 80.26% 81.06% 81.79% 82.45% 83.06% 83.62% 84.14% 84.62%

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

TABLE 10.3 Continued
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0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.76% 11.91% 21.70% 29.53%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.07% 2.85% 12.09% 21.70% 29.53%
0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.78% 4.96% 13.03% 21.85% 29.55%
0.00% 0.00% 0.00% 0.00% 0.01% 0.27% 2.13% 7.07% 14.46% 22.41% 29.71%
0.00% 0.00% 0.00% 0.00% 0.09% 0.94% 3.83% 9.18% 16.10% 23.36% 30.16%
0.00% 0.00% 0.00% 0.02% 0.38% 2.01% 5.71% 11.28% 17.85% 24.56% 30.88%
0.00% 0.00% 0.00% 0.11% 0.94% 3.39% 7.70% 13.37% 19.65% 25.93% 31.84%
0.00% 0.00% 0.01% 0.34% 1.79% 4.99% 9.74% 15.45% 21.49% 27.41% 32.95%
0.00% 0.00% 0.06% 0.75% 2.91% 6.75% 11.82% 17.52% 23.34% 28.95% 34.18%
0.00% 0.00% 0.18% 1.38% 4.25% 8.63% 13.92% 19.58% 25.20% 30.54% 35.49%
0.00% 0.01% 0.41% 2.23% 5.78% 10.59% 16.03% 21.62% 27.06% 32.16% 36.87%
0.00% 0.03% 0.77% 3.29% 7.45% 12.61% 18.14% 23.65% 28.91% 33.80% 38.28%
0.00% 0.08% 1.30% 4.53% 9.24% 14.66% 20.25% 25.67% 30.76% 35.45% 39.73%
0.00% 0.17% 2.00% 5.94% 11.12% 16.75% 22.35% 27.66% 32.59% 37.10% 41.20%
0.00% 0.33% 2.87% 7.49% 13.07% 18.85% 24.43% 29.64% 34.42% 38.75% 42.68%
0.00% 0.59% 3.91% 9.17% 15.08% 20.96% 26.50% 31.60% 36.22% 40.40% 44.16%
0.00% 0.94% 5.11% 10.95% 17.13% 23.07% 28.56% 33.54% 38.02% 42.04% 45.65%
0.00% 1.43% 6.45% 12.81% 19.20% 25.18% 30.59% 35.45% 39.79% 43.67% 47.14%
0.00% 2.04% 7.93% 14.74% 21.30% 27.27% 32.61% 37.34% 41.54% 45.28% 48.61%
0.00% 2.79% 9.52% 16.73% 23.41% 29.36% 34.60% 39.21% 43.27% 46.88% 50.08%
0.01% 3.68% 11.22% 18.76% 25.52% 31.42% 36.56% 41.05% 44.98% 48.46% 51.54%
0.02% 4.70% 13.00% 20.82% 27.63% 33.47% 38.50% 42.86% 46.67% 50.02% 52.99%
0.04% 5.86% 14.87% 22.91% 29.73% 35.50% 40.42% 44.65% 48.33% 51.56% 54.42%
0.07% 7.14% 16.79% 25.01% 31.82% 37.50% 42.30% 46.41% 49.97% 53.08% 55.83%
0.12% 8.55% 18.77% 27.12% 33.89% 39.47% 44.16% 48.14% 51.58% 54.58% 57.22%
0.20% 10.06% 20.80% 29.23% 35.95% 41.42% 45.98% 49.84% 53.17% 56.06% 58.60%
0.32% 11.68% 22.85% 31.34% 37.98% 43.34% 47.77% 51.52% 54.72% 57.51% 59.95%
0.48% 13.38% 24.94% 33.43% 39.98% 45.22% 49.53% 53.16% 56.25% 58.94% 61.29%
0.70% 15.17% 27.03% 35.52% 41.96% 47.08% 51.26% 54.77% 57.75% 60.34% 62.60%
0.99% 17.03% 29.14% 37.58% 43.91% 48.90% 52.96% 56.34% 59.22% 61.71% 63.88%
1.34% 18.95% 31.25% 39.62% 45.83% 50.69% 54.62% 57.89% 60.67% 63.06% 65.14%
1.78% 20.92% 33.36% 41.64% 47.72% 52.44% 56.25% 59.40% 62.08% 64.38% 66.38%
2.31% 22.93% 35.46% 43.63% 49.57% 54.15% 57.84% 60.88% 63.46% 65.67% 67.59%
2.93% 24.98% 37.55% 45.59% 51.38% 55.83% 59.39% 62.33% 64.81% 66.93% 68.78%
3.65% 27.06% 39.62% 47.52% 53.16% 57.47% 60.91% 63.74% 66.13% 68.17% 69.94%
4.47% 29.15% 41.66% 49.42% 54.91% 59.08% 62.40% 65.12% 67.41% 69.37% 71.07%
5.40% 31.25% 43.69% 51.28% 56.61% 60.65% 63.85% 66.47% 68.67% 70.55% 72.18%
6.44% 33.36% 45.68% 53.10% 58.27% 62.17% 65.26% 67.78% 69.89% 71.70% 73.26%
7.58% 35.47% 47.65% 54.88% 59.90% 63.66% 66.63% 69.06% 71.09% 72.82% 74.31%
8.82% 37.58% 49.58% 56.62% 61.48% 65.12% 67.97% 70.30% 72.25% 73.91% 75.34%

10.16% 39.67% 51.47% 58.33% 63.03% 66.53% 69.28% 71.51% 73.38% 74.97% 76.34%
11.60% 41.74% 53.33% 59.99% 64.53% 67.90% 70.54% 72.69% 74.48% 76.00% 77.31%
13.13% 43.80% 55.15% 61.61% 65.99% 69.24% 71.77% 73.83% 75.54% 77.00% 78.25%
14.74% 45.83% 56.93% 63.19% 67.42% 70.54% 72.97% 74.94% 76.58% 77.97% 79.17%
16.43% 47.83% 58.67% 64.73% 68.80% 71.79% 74.13% 76.01% 77.58% 78.91% 80.06%
18.20% 49.80% 60.37% 66.22% 70.14% 73.02% 75.25% 77.06% 78.56% 79.83% 80.92%
20.03% 51.74% 62.02% 67.67% 71.44% 74.20% 76.34% 78.07% 79.50% 80.71% 81.76%
21.93% 53.64% 63.63% 69.08% 72.70% 75.34% 77.39% 79.05% 80.41% 81.57% 82.57%
23.87% 55.50% 65.19% 70.44% 73.92% 76.45% 78.41% 79.99% 81.30% 82.40% 83.35%
25.86% 57.32% 66.71% 71.77% 75.10% 77.52% 79.40% 80.90% 82.15% 83.20% 84.11%
27.88% 59.10% 68.19% 73.05% 76.24% 78.56% 80.35% 81.79% 82.98% 83.98% 84.84%

Maturity

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

Year(s) Risk-Free Rate 5%
Profitability Ratio (% in-the-money)

–30.00% –20.00% –10.00% 0.00%–99% –90.00% –80.00% –70.00% –60.00% –50.00% –40.00%

TABLE 10.4 Real Options Value—7-Year Maturity

Note: Risk-free rate is 5 percent.
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35.94% 41.28% 45.79% 49.67% 53.02% 55.96% 58.55% 60.85% 62.91% 64.77%
35.94% 41.28% 45.79% 49.67% 53.02% 55.96% 58.55% 60.85% 62.91% 64.77%
35.94% 41.28% 45.79% 49.67% 53.02% 55.96% 58.55% 60.85% 62.91% 64.77%
35.98% 41.28% 45.79% 49.67% 53.02% 55.96% 58.55% 60.85% 62.91% 64.77%
36.16% 41.36% 45.82% 49.67% 53.02% 55.96% 58.55% 60.85% 62.91% 64.77%
36.57% 41.57% 45.93% 49.73% 53.05% 55.97% 58.55% 60.85% 62.91% 64.77%
37.19% 41.96% 46.17% 49.87% 53.14% 56.02% 58.58% 60.87% 62.92% 64.77%
38.00% 42.53% 46.56% 50.14% 53.31% 56.14% 58.66% 60.92% 62.96% 64.80%
38.95% 43.24% 47.09% 50.53% 53.60% 56.35% 58.82% 61.04% 63.04% 64.86%
40.01% 44.08% 47.75% 51.04% 54.00% 56.66% 59.06% 61.22% 63.18% 64.97%
41.15% 45.02% 48.52% 51.67% 54.51% 57.07% 59.38% 61.49% 63.40% 65.14%
42.36% 46.04% 49.37% 52.38% 55.10% 57.56% 59.80% 61.83% 63.69% 65.38%
43.61% 47.13% 50.30% 53.18% 55.78% 58.14% 60.29% 62.25% 64.05% 65.69%
44.90% 48.26% 51.29% 54.03% 56.53% 58.79% 60.86% 62.75% 64.48% 66.06%
46.22% 49.42% 52.32% 54.94% 57.33% 59.50% 61.48% 63.30% 64.96% 66.50%
47.55% 50.62% 53.38% 55.90% 58.18% 60.26% 62.16% 63.91% 65.51% 66.99%
48.90% 51.83% 54.48% 56.88% 59.07% 61.06% 62.88% 64.56% 66.10% 67.52%
50.25% 53.06% 55.59% 57.89% 59.98% 61.90% 63.65% 65.25% 66.73% 68.10%
51.60% 54.29% 56.72% 58.92% 60.93% 62.76% 64.44% 65.98% 67.40% 68.71%
52.95% 55.53% 57.86% 59.97% 61.89% 63.64% 65.25% 66.73% 68.10% 69.36%
54.30% 56.77% 59.00% 61.02% 62.86% 64.55% 66.09% 67.51% 68.82% 70.03%
55.63% 58.01% 60.15% 62.08% 63.85% 65.46% 66.94% 68.30% 69.56% 70.72%
56.96% 59.24% 61.29% 63.15% 64.84% 66.38% 67.80% 69.11% 70.31% 71.43%
58.27% 60.46% 62.43% 64.21% 65.83% 67.31% 68.67% 69.92% 71.08% 72.15%
59.57% 61.67% 63.56% 65.27% 66.82% 68.24% 69.54% 70.74% 71.85% 72.88%
60.85% 62.87% 64.68% 66.32% 67.81% 69.17% 70.42% 71.57% 72.63% 73.62%
62.12% 64.05% 65.79% 67.36% 68.79% 70.09% 71.29% 72.39% 73.41% 74.36%
63.37% 65.22% 66.89% 68.39% 69.76% 71.01% 72.16% 73.22% 74.20% 75.10%
64.59% 66.37% 67.97% 69.42% 70.73% 71.93% 73.03% 74.04% 74.98% 75.85%
65.80% 67.51% 69.04% 70.43% 71.68% 72.83% 73.89% 74.86% 75.75% 76.59%
66.99% 68.62% 70.09% 71.42% 72.63% 73.73% 74.74% 75.67% 76.53% 77.32%
68.15% 69.72% 71.13% 72.40% 73.56% 74.61% 75.58% 76.47% 77.29% 78.05%
69.29% 70.80% 72.15% 73.37% 74.47% 75.48% 76.41% 77.26% 78.05% 78.78%
70.41% 71.85% 73.15% 74.31% 75.37% 76.34% 77.22% 78.04% 78.80% 79.50%
71.50% 72.88% 74.12% 75.24% 76.26% 77.18% 78.03% 78.81% 79.53% 80.20%
72.57% 73.90% 75.08% 76.15% 77.12% 78.01% 78.82% 79.57% 80.26% 80.90%
73.61% 74.88% 76.02% 77.04% 77.97% 78.82% 79.60% 80.31% 80.97% 81.58%
74.63% 75.85% 76.94% 77.92% 78.80% 79.61% 80.36% 81.04% 81.67% 82.26%
75.63% 76.79% 77.83% 78.77% 79.62% 80.39% 81.10% 81.75% 82.36% 82.92%
76.60% 77.71% 78.71% 79.60% 80.41% 81.15% 81.83% 82.45% 83.03% 83.57%
77.54% 78.61% 79.56% 80.41% 81.19% 81.89% 82.54% 83.14% 83.69% 84.20%
78.46% 79.48% 80.39% 81.20% 81.94% 82.62% 83.24% 83.81% 84.33% 84.82%
79.35% 80.33% 81.19% 81.97% 82.68% 83.32% 83.91% 84.46% 84.96% 85.42%
80.22% 81.15% 81.98% 82.72% 83.40% 84.01% 84.58% 85.09% 85.57% 86.01%
81.06% 81.95% 82.74% 83.45% 84.09% 84.68% 85.22% 85.71% 86.17% 86.59%
81.88% 82.73% 83.48% 84.16% 84.77% 85.33% 85.84% 86.31% 86.75% 87.15%
82.67% 83.48% 84.20% 84.84% 85.43% 85.96% 86.45% 86.90% 87.31% 87.70%
83.44% 84.21% 84.89% 85.51% 86.07% 86.57% 87.04% 87.47% 87.86% 88.23%
84.18% 84.92% 85.57% 86.15% 86.69% 87.17% 87.61% 88.02% 88.39% 88.74%
84.90% 85.60% 86.22% 86.78% 87.28% 87.74% 88.16% 88.55% 88.91% 89.24%
85.60% 86.26% 86.85% 87.38% 87.86% 88.30% 88.70% 89.07% 89.41% 89.72%

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

TABLE 10.4 Continued
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0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.80% 13.35% 24.18% 32.61% 39.35%
0.00% 0.00% 0.00% 0.00% 0.00% 0.08% 3.28% 13.61% 24.19% 32.61% 39.35%
0.00% 0.00% 0.00% 0.00% 0.03% 0.93% 5.81% 14.81% 24.41% 32.63% 39.35%
0.00% 0.00% 0.00% 0.01% 0.32% 2.56% 8.33% 16.56% 25.15% 32.88% 39.42%
0.00% 0.00% 0.00% 0.09% 1.11% 4.62% 10.84% 18.54% 26.34% 33.48% 39.70%
0.00% 0.00% 0.01% 0.39% 2.39% 6.89% 13.35% 20.63% 27.82% 34.42% 40.25%
0.00% 0.00% 0.07% 1.02% 4.06% 9.29% 15.84% 22.77% 29.47% 35.60% 41.06%
0.00% 0.00% 0.26% 2.01% 6.01% 11.75% 18.31% 24.95% 31.23% 36.96% 42.07%
0.00% 0.01% 0.65% 3.33% 8.15% 14.25% 20.77% 27.13% 33.06% 38.44% 43.24%
0.00% 0.05% 1.28% 4.93% 10.43% 16.77% 23.20% 29.32% 34.94% 40.00% 44.52%
0.00% 0.16% 2.18% 6.76% 12.81% 19.29% 25.61% 31.50% 36.83% 41.62% 45.89%
0.00% 0.36% 3.34% 8.78% 15.25% 21.81% 28.00% 33.66% 38.74% 43.28% 47.31%
0.00% 0.71% 4.74% 10.95% 17.74% 24.31% 30.36% 35.81% 40.66% 44.96% 48.78%
0.00% 1.23% 6.37% 13.24% 20.25% 26.80% 32.69% 37.93% 42.56% 46.66% 50.28%
0.00% 1.94% 8.18% 15.61% 22.77% 29.26% 34.99% 40.03% 44.46% 48.36% 51.80%
0.00% 2.85% 10.16% 18.04% 25.30% 31.69% 37.26% 42.11% 46.34% 50.06% 53.33%
0.01% 3.97% 12.28% 20.52% 27.81% 34.09% 39.49% 44.15% 48.20% 51.74% 54.86%
0.02% 5.29% 14.51% 23.03% 30.30% 36.46% 41.69% 46.17% 50.04% 53.42% 56.39%
0.04% 6.79% 16.84% 25.54% 32.77% 38.79% 43.84% 48.15% 51.86% 55.08% 57.90%
0.09% 8.48% 19.23% 28.07% 35.21% 41.08% 45.96% 50.10% 53.64% 56.72% 59.41%
0.18% 10.32% 21.68% 30.58% 37.62% 43.32% 48.04% 52.01% 55.40% 58.33% 60.90%
0.31% 12.30% 24.16% 33.08% 40.00% 45.53% 50.07% 53.88% 57.12% 59.92% 62.37%
0.51% 14.41% 26.67% 35.56% 42.33% 47.69% 52.07% 55.71% 58.81% 61.48% 63.81%
0.79% 16.62% 29.20% 38.01% 44.62% 49.81% 54.01% 57.51% 60.47% 63.02% 65.23%
1.17% 18.92% 31.72% 40.43% 46.86% 51.87% 55.91% 59.26% 62.09% 64.52% 66.63%
1.67% 21.30% 34.23% 42.80% 49.06% 53.89% 57.77% 60.97% 63.67% 65.99% 68.00%
2.29% 23.73% 36.73% 45.14% 51.20% 55.86% 59.58% 62.64% 65.22% 67.42% 69.33%
3.05% 26.20% 39.20% 47.43% 53.30% 57.78% 61.34% 64.27% 66.72% 68.82% 70.64%
3.95% 28.70% 41.64% 49.67% 55.34% 59.64% 63.06% 65.85% 68.19% 70.19% 71.92%
5.01% 31.22% 44.04% 51.85% 57.33% 61.46% 64.72% 67.39% 69.62% 71.52% 73.16%
6.21% 33.74% 46.40% 53.99% 59.26% 63.22% 66.34% 68.88% 71.00% 72.81% 74.37%
7.57% 36.26% 48.72% 56.07% 61.14% 64.93% 67.91% 70.33% 72.35% 74.06% 75.55%
9.07% 38.76% 50.98% 58.09% 62.96% 66.59% 69.43% 71.73% 73.65% 75.28% 76.69%

10.72% 41.24% 53.19% 60.06% 64.73% 68.19% 70.90% 73.09% 74.91% 76.46% 77.80%
12.50% 43.70% 55.35% 61.97% 66.44% 69.75% 72.32% 74.41% 76.14% 77.61% 78.87%
14.41% 46.11% 57.45% 63.82% 68.10% 71.25% 73.70% 75.68% 77.32% 78.71% 79.91%
16.43% 48.49% 59.49% 65.60% 69.69% 72.70% 75.02% 76.90% 78.46% 79.78% 80.91%
18.56% 50.82% 61.47% 67.33% 71.24% 74.09% 76.30% 78.09% 79.56% 80.81% 81.88%
20.78% 53.10% 63.39% 69.00% 72.72% 75.44% 77.54% 79.22% 80.62% 81.80% 82.81%
23.08% 55.32% 65.25% 70.61% 74.16% 76.73% 78.72% 80.32% 81.64% 82.76% 83.71%
25.44% 57.49% 67.04% 72.16% 75.53% 77.98% 79.86% 81.37% 82.62% 83.68% 84.58%
27.86% 59.59% 68.77% 73.66% 76.86% 79.17% 80.96% 82.39% 83.56% 84.56% 85.41%
30.33% 61.64% 70.44% 75.09% 78.13% 80.32% 82.01% 83.36% 84.47% 85.41% 86.21%
32.82% 63.61% 72.04% 76.47% 79.35% 81.42% 83.01% 84.29% 85.34% 86.22% 86.98%
35.34% 65.53% 73.58% 77.79% 80.51% 82.47% 83.98% 85.18% 86.17% 87.00% 87.71%
37.86% 67.38% 75.06% 79.05% 81.63% 83.48% 84.90% 86.03% 86.96% 87.74% 88.42%
40.38% 69.16% 76.48% 80.26% 82.70% 84.44% 85.78% 86.84% 87.72% 88.46% 89.09%
42.89% 70.87% 77.84% 81.42% 83.72% 85.36% 86.62% 87.62% 88.45% 89.14% 89.73%
45.38% 72.52% 79.14% 82.52% 84.69% 86.24% 87.42% 88.36% 89.14% 89.79% 90.34%
47.84% 74.10% 80.38% 83.57% 85.62% 87.07% 88.19% 89.07% 89.80% 90.40% 90.93%
50.26% 75.61% 81.56% 84.58% 86.50% 87.87% 88.91% 89.74% 90.42% 90.99% 91.48%

Maturity

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

Year(s) Risk-Free Rate 5%
Profitability Ratio (% in-the-money)

–30.00% –20.00% –10.00% 0.00%–99% –90.00% –80.00% –70.00% –60.00% –50.00% –40.00%

TABLE 10.5 Real Options Value—10-Year Maturity

Note: Risk-free rate is 5 percent.
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44.86% 49.46% 53.34% 56.68% 59.56% 62.09% 64.32% 66.30% 68.08% 69.67%
44.86% 49.46% 53.34% 56.68% 59.56% 62.09% 64.32% 66.30% 68.08% 69.67%
44.86% 49.46% 53.34% 56.68% 59.56% 62.09% 64.32% 66.30% 68.08% 69.67%
44.88% 49.46% 53.34% 56.68% 59.56% 62.09% 64.32% 66.30% 68.08% 69.67%
45.00% 49.51% 53.37% 56.69% 59.57% 62.09% 64.32% 66.30% 68.08% 69.67%
45.32% 49.69% 53.46% 56.74% 59.60% 62.11% 64.33% 66.31% 68.08% 69.67%
45.85% 50.04% 53.69% 56.88% 59.69% 62.17% 64.37% 66.33% 68.10% 69.69%
46.59% 50.57% 54.07% 57.15% 59.88% 62.31% 64.47% 66.40% 68.15% 69.72%
47.50% 51.27% 54.60% 57.56% 60.20% 62.55% 64.65% 66.55% 68.26% 69.81%
48.54% 52.11% 55.28% 58.11% 60.63% 62.90% 64.93% 66.77% 68.44% 69.96%
49.68% 53.06% 56.07% 58.76% 61.18% 63.35% 65.31% 67.09% 68.71% 70.18%
50.90% 54.10% 56.96% 59.52% 61.83% 63.90% 65.79% 67.50% 69.05% 70.48%
52.18% 55.22% 57.93% 60.36% 62.56% 64.54% 66.34% 67.98% 69.48% 70.85%
53.51% 56.38% 58.96% 61.27% 63.36% 65.25% 66.97% 68.54% 69.98% 71.30%
54.86% 57.59% 60.04% 62.24% 64.22% 66.03% 67.67% 69.17% 70.54% 71.81%
56.24% 58.83% 61.15% 63.24% 65.13% 66.85% 68.41% 69.85% 71.16% 72.37%
57.62% 60.09% 62.29% 64.28% 66.08% 67.71% 69.20% 70.57% 71.82% 72.98%
59.01% 61.35% 63.45% 65.34% 67.05% 68.61% 70.03% 71.33% 72.52% 73.63%
60.40% 62.63% 64.62% 66.42% 68.04% 69.52% 70.88% 72.12% 73.26% 74.31%
61.79% 63.90% 65.80% 67.51% 69.05% 70.46% 71.75% 72.93% 74.02% 75.02%
63.16% 65.17% 66.98% 68.60% 70.07% 71.41% 72.63% 73.76% 74.79% 75.75%
64.52% 66.43% 68.15% 69.69% 71.09% 72.36% 73.53% 74.60% 75.58% 76.49%
65.86% 67.68% 69.31% 70.78% 72.11% 73.32% 74.43% 75.44% 76.38% 77.25%
67.18% 68.92% 70.46% 71.86% 73.12% 74.27% 75.33% 76.29% 77.18% 78.01%
68.48% 70.13% 71.60% 72.93% 74.13% 75.22% 76.22% 77.14% 77.99% 78.77%
69.76% 71.33% 72.73% 73.99% 75.13% 76.16% 77.11% 77.99% 78.79% 79.54%
71.01% 72.50% 73.83% 75.03% 76.11% 77.10% 78.00% 78.83% 79.59% 80.30%
72.24% 73.65% 74.91% 76.05% 77.08% 78.01% 78.87% 79.66% 80.38% 81.06%
73.43% 74.78% 75.97% 77.05% 78.03% 78.92% 79.73% 80.48% 81.17% 81.80%
74.60% 75.88% 77.01% 78.04% 78.96% 79.80% 80.57% 81.28% 81.94% 82.54%
75.74% 76.95% 78.03% 79.00% 79.87% 80.67% 81.40% 82.08% 82.70% 83.27%
76.84% 77.99% 79.01% 79.93% 80.77% 81.52% 82.22% 82.85% 83.44% 83.98%
77.92% 79.01% 79.98% 80.85% 81.64% 82.35% 83.01% 83.61% 84.17% 84.68%
78.96% 79.99% 80.91% 81.74% 82.48% 83.16% 83.78% 84.35% 84.88% 85.37%
79.98% 80.95% 81.82% 82.60% 83.31% 83.95% 84.54% 85.08% 85.57% 86.04%
80.95% 81.88% 82.70% 83.44% 84.11% 84.71% 85.27% 85.78% 86.25% 86.69%
81.90% 82.77% 83.55% 84.25% 84.88% 85.46% 85.98% 86.46% 86.91% 87.32%
82.82% 83.64% 84.38% 85.04% 85.63% 86.18% 86.67% 87.13% 87.55% 87.94%
83.70% 84.48% 85.17% 85.80% 86.36% 86.87% 87.34% 87.77% 88.17% 88.53%
84.55% 85.29% 85.94% 86.53% 87.06% 87.54% 87.98% 88.39% 88.76% 89.11%
85.37% 86.06% 86.68% 87.24% 87.74% 88.19% 88.61% 88.99% 89.34% 89.67%
86.16% 86.81% 87.39% 87.92% 88.39% 88.82% 89.21% 89.57% 89.90% 90.21%
86.91% 87.53% 88.08% 88.57% 89.01% 89.42% 89.79% 90.13% 90.44% 90.73%
87.64% 88.22% 88.74% 89.20% 89.62% 90.00% 90.34% 90.66% 90.96% 91.23%
88.33% 88.88% 89.37% 89.80% 90.19% 90.55% 90.88% 91.18% 91.45% 91.71%
89.00% 89.51% 89.97% 90.38% 90.75% 91.08% 91.39% 91.67% 91.93% 92.17%
89.64% 90.12% 90.55% 90.93% 91.28% 91.59% 91.88% 92.15% 92.39% 92.62%
90.25% 90.70% 91.10% 91.46% 91.79% 92.08% 92.35% 92.60% 92.83% 93.04%
90.83% 91.25% 91.63% 91.97% 92.27% 92.55% 92.80% 93.03% 93.25% 93.45%
91.38% 91.78% 92.13% 92.45% 92.73% 92.99% 93.23% 93.45% 93.65% 93.84%
91.91% 92.28% 92.61% 92.91% 93.18% 93.42% 93.64% 93.85% 94.03% 94.21%

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

TABLE 10.5 Continued



262

15

0.00% 0.00% 0.00% 0.00% 0.00% 5.65% 21.27% 32.52% 40.95% 47.51% 52.76%
0.00% 0.00% 0.00% 0.00% 0.43% 7.80% 21.35% 32.52% 40.95% 47.51% 52.76%
0.00% 0.00% 0.00% 0.08% 2.27% 10.58% 22.17% 32.64% 40.97% 47.52% 52.76%
0.00% 0.00% 0.01% 0.66% 4.84% 13.48% 23.75% 33.24% 41.16% 47.57% 52.78%
0.00% 0.00% 0.12% 1.96% 7.70% 16.39% 25.76% 34.36% 41.71% 47.83% 52.90%
0.00% 0.00% 0.52% 3.87% 10.71% 19.31% 27.98% 35.84% 42.63% 48.38% 53.22%
0.00% 0.03% 1.36% 6.20% 13.77% 22.21% 30.31% 37.56% 43.84% 49.21% 53.78%
0.00% 0.14% 2.66% 8.83% 16.86% 25.09% 32.71% 39.44% 45.27% 50.27% 54.56%
0.00% 0.42% 4.39% 11.66% 19.95% 27.94% 35.13% 41.42% 46.84% 51.51% 55.53%
0.00% 0.95% 6.47% 14.61% 23.02% 30.76% 37.57% 43.45% 48.52% 52.88% 56.65%
0.00% 1.79% 8.85% 17.63% 26.06% 33.54% 39.99% 45.52% 50.27% 54.35% 57.89%
0.00% 2.96% 11.46% 20.71% 29.07% 36.27% 42.40% 47.61% 52.06% 55.89% 59.20%
0.00% 4.45% 14.24% 23.79% 32.04% 38.96% 44.78% 49.69% 53.87% 57.47% 60.58%
0.02% 6.25% 17.14% 26.88% 34.95% 41.61% 47.13% 51.76% 55.70% 59.07% 61.99%
0.05% 8.33% 20.14% 29.95% 37.82% 44.19% 49.44% 53.81% 57.52% 60.69% 63.44%
0.13% 10.65% 23.19% 32.98% 40.63% 46.73% 51.70% 55.84% 59.33% 62.31% 64.89%
0.27% 13.18% 26.27% 35.97% 43.37% 49.21% 53.93% 57.83% 61.12% 63.93% 66.35%
0.50% 15.88% 29.36% 38.91% 46.06% 51.62% 56.10% 59.79% 62.88% 65.52% 67.81%
0.87% 18.71% 32.44% 41.80% 48.67% 53.97% 58.22% 61.70% 64.62% 67.10% 69.25%
1.39% 21.64% 35.49% 44.62% 51.22% 56.26% 60.28% 63.57% 66.31% 68.65% 70.67%
2.11% 24.65% 38.51% 47.37% 53.69% 58.49% 62.29% 65.39% 67.97% 70.17% 72.07%
3.03% 27.71% 41.47% 50.05% 56.09% 60.64% 64.24% 67.16% 69.59% 71.66% 73.44%
4.17% 30.80% 44.38% 52.65% 58.41% 62.73% 66.12% 68.88% 71.17% 73.11% 74.78%
5.54% 33.89% 47.22% 55.18% 60.66% 64.75% 67.95% 70.54% 72.70% 74.52% 76.09%
7.15% 36.96% 49.99% 57.62% 62.83% 66.70% 69.72% 72.15% 74.18% 75.89% 77.36%
8.98% 40.01% 52.69% 59.98% 64.93% 68.58% 71.42% 73.71% 75.61% 77.21% 78.59%

11.03% 43.01% 55.30% 62.26% 66.94% 70.39% 73.06% 75.21% 76.99% 78.50% 79.79%
13.28% 45.96% 57.82% 64.45% 68.88% 72.12% 74.64% 76.65% 78.32% 79.73% 80.94%
15.70% 48.85% 60.26% 66.56% 70.74% 73.79% 76.15% 78.04% 79.60% 80.92% 82.05%
18.30% 51.67% 62.61% 68.58% 72.52% 75.39% 77.60% 79.37% 80.83% 82.06% 83.12%
21.03% 54.40% 64.87% 70.52% 74.23% 76.92% 78.99% 80.65% 82.01% 83.16% 84.15%
23.87% 57.05% 67.04% 72.37% 75.86% 78.38% 80.32% 81.86% 83.14% 84.21% 85.13%
26.81% 59.61% 69.11% 74.14% 77.41% 79.77% 81.58% 83.03% 84.22% 85.22% 86.07%
29.82% 62.08% 71.09% 75.82% 78.89% 81.10% 82.79% 84.14% 85.24% 86.17% 86.97%
32.88% 64.45% 72.99% 77.43% 80.30% 82.36% 83.94% 85.19% 86.22% 87.09% 87.83%
35.96% 66.73% 74.79% 78.95% 81.64% 83.56% 85.03% 86.19% 87.15% 87.95% 88.64%
39.05% 68.90% 76.50% 80.40% 82.91% 84.70% 86.06% 87.14% 88.03% 88.78% 89.42%
42.12% 70.98% 78.13% 81.77% 84.11% 85.77% 87.04% 88.04% 88.87% 89.56% 90.15%
45.17% 72.96% 79.67% 83.07% 85.24% 86.79% 87.96% 88.90% 89.66% 90.30% 90.85%
48.18% 74.84% 81.13% 84.30% 86.31% 87.75% 88.84% 89.70% 90.41% 91.00% 91.51%
51.13% 76.62% 82.50% 85.45% 87.32% 88.65% 89.66% 90.46% 91.11% 91.66% 92.13%
54.01% 78.31% 83.80% 86.54% 88.28% 89.50% 90.44% 91.17% 91.78% 92.28% 92.71%
56.81% 79.91% 85.02% 87.56% 89.17% 90.30% 91.16% 91.85% 92.40% 92.87% 93.26%
59.53% 81.42% 86.17% 88.52% 90.01% 91.06% 91.85% 92.48% 92.99% 93.42% 93.78%
62.15% 82.83% 87.25% 89.42% 90.79% 91.76% 92.49% 93.07% 93.54% 93.93% 94.27%
64.67% 84.16% 88.26% 90.27% 91.53% 92.42% 93.09% 93.62% 94.05% 94.41% 94.72%
67.09% 85.41% 89.20% 91.05% 92.21% 93.03% 93.65% 94.13% 94.53% 94.86% 95.15%
69.41% 86.58% 90.08% 91.79% 92.85% 93.60% 94.17% 94.62% 94.98% 95.28% 95.54%
71.61% 87.68% 90.90% 92.47% 93.45% 94.14% 94.66% 95.06% 95.40% 95.68% 95.91%
73.70% 88.70% 91.67% 93.11% 94.00% 94.63% 95.11% 95.48% 95.79% 96.04% 96.26%
75.69% 89.65% 92.38% 93.70% 94.52% 95.09% 95.53% 95.87% 96.15% 96.38% 96.58%

Maturity

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

Year(s) Risk-Free Rate 5%
Profitability Ratio (% in-the-money)

–30.00% –20.00% –10.00% 0.00%–99% –90.00% –80.00% –70.00% –60.00% –50.00% –40.00%

TABLE 10.6 Real Options Value—15-Year Maturity

Note: Risk-free rate is 5 percent.
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57.06% 60.64% 63.66% 66.26% 68.51% 70.48% 72.21% 73.76% 75.14% 76.38%
57.06% 60.64% 63.66% 66.26% 68.51% 70.48% 72.21% 73.76% 75.14% 76.38%
57.06% 60.64% 63.66% 66.26% 68.51% 70.48% 72.21% 73.76% 75.14% 76.38%
57.06% 60.64% 63.66% 66.26% 68.51% 70.48% 72.21% 73.76% 75.14% 76.38%
57.11% 60.66% 63.68% 66.26% 68.51% 70.48% 72.21% 73.76% 75.14% 76.38%
57.30% 60.77% 63.74% 66.30% 68.53% 70.49% 72.22% 73.76% 75.14% 76.38%
57.68% 61.02% 63.91% 66.42% 68.61% 70.54% 72.26% 73.79% 75.16% 76.40%
58.26% 61.45% 64.22% 66.65% 68.78% 70.67% 72.36% 73.86% 75.22% 76.44%
59.02% 62.04% 64.69% 67.02% 69.08% 70.91% 72.54% 74.01% 75.33% 76.53%
59.93% 62.79% 65.30% 67.52% 69.49% 71.25% 72.82% 74.25% 75.53% 76.70%
60.96% 63.66% 66.03% 68.14% 70.02% 71.70% 73.21% 74.58% 75.82% 76.95%
62.09% 64.63% 66.87% 68.87% 70.65% 72.25% 73.69% 75.00% 76.19% 77.27%
63.29% 65.68% 67.80% 69.68% 71.37% 72.88% 74.26% 75.50% 76.64% 77.68%
64.55% 66.79% 68.79% 70.56% 72.16% 73.59% 74.89% 76.08% 77.16% 78.15%
65.84% 67.95% 69.83% 71.50% 73.00% 74.36% 75.59% 76.72% 77.74% 78.68%
67.15% 69.14% 70.90% 72.48% 73.90% 75.18% 76.34% 77.40% 78.38% 79.27%
68.47% 70.34% 72.00% 73.49% 74.82% 76.03% 77.13% 78.13% 79.05% 79.90%
69.80% 71.56% 73.12% 74.52% 75.77% 76.91% 77.95% 78.89% 79.76% 80.56%
71.12% 72.77% 74.24% 75.55% 76.74% 77.81% 78.79% 79.68% 80.50% 81.25%
72.43% 73.98% 75.36% 76.60% 77.71% 78.72% 79.64% 80.48% 81.25% 81.96%
73.72% 75.18% 76.48% 77.64% 78.68% 79.63% 80.49% 81.28% 82.01% 82.68%
74.99% 76.36% 77.58% 78.67% 79.65% 80.54% 81.35% 82.09% 82.78% 83.41%
76.24% 77.52% 78.66% 79.69% 80.61% 81.44% 82.21% 82.90% 83.55% 84.14%
77.46% 78.66% 79.73% 80.69% 81.55% 82.34% 83.05% 83.71% 84.31% 84.87%
78.64% 79.77% 80.77% 81.67% 82.48% 83.22% 83.89% 84.50% 85.06% 85.59%
79.79% 80.85% 81.79% 82.63% 83.39% 84.08% 84.70% 85.28% 85.81% 86.30%
80.91% 81.90% 82.78% 83.56% 84.27% 84.92% 85.51% 86.04% 86.54% 87.00%
81.99% 82.92% 83.74% 84.47% 85.14% 85.74% 86.29% 86.79% 87.25% 87.68%
83.03% 83.90% 84.66% 85.35% 85.97% 86.53% 87.05% 87.52% 87.95% 88.35%
84.04% 84.84% 85.56% 86.20% 86.78% 87.31% 87.78% 88.22% 88.63% 89.00%
85.00% 85.75% 86.42% 87.02% 87.56% 88.05% 88.50% 88.91% 89.28% 89.63%
85.93% 86.63% 87.25% 87.81% 88.31% 88.77% 89.18% 89.57% 89.92% 90.24%
86.81% 87.47% 88.05% 88.57% 89.03% 89.46% 89.85% 90.20% 90.53% 90.83%
87.66% 88.27% 88.81% 89.29% 89.73% 90.12% 90.48% 90.81% 91.11% 91.40%
88.47% 89.03% 89.53% 89.98% 90.39% 90.75% 91.09% 91.39% 91.68% 91.94%
89.24% 89.76% 90.23% 90.64% 91.02% 91.36% 91.67% 91.95% 92.22% 92.46%
89.97% 90.46% 90.89% 91.27% 91.62% 91.94% 92.22% 92.49% 92.73% 92.96%
90.67% 91.12% 91.51% 91.87% 92.19% 92.49% 92.75% 93.00% 93.22% 93.43%
91.32% 91.74% 92.11% 92.44% 92.74% 93.01% 93.25% 93.48% 93.69% 93.88%
91.95% 92.33% 92.67% 92.98% 93.25% 93.50% 93.73% 93.94% 94.13% 94.31%
92.53% 92.89% 93.20% 93.49% 93.74% 93.97% 94.18% 94.37% 94.55% 94.71%
93.09% 93.42% 93.71% 93.97% 94.20% 94.41% 94.61% 94.78% 94.95% 95.10%
93.61% 93.91% 94.18% 94.42% 94.63% 94.83% 95.01% 95.17% 95.32% 95.46%
94.10% 94.38% 94.62% 94.84% 95.04% 95.22% 95.39% 95.54% 95.67% 95.80%
94.56% 94.81% 95.04% 95.24% 95.42% 95.59% 95.74% 95.88% 96.01% 96.12%
94.99% 95.22% 95.43% 95.62% 95.78% 95.94% 96.07% 96.20% 96.32% 96.43%
95.39% 95.61% 95.80% 95.97% 96.12% 96.26% 96.39% 96.50% 96.61% 96.71%
95.77% 95.97% 96.14% 96.30% 96.44% 96.56% 96.68% 96.79% 96.88% 96.97%
96.12% 96.30% 96.46% 96.60% 96.73% 96.85% 96.95% 97.05% 97.14% 97.22%
96.45% 96.61% 96.76% 96.89% 97.00% 97.11% 97.21% 97.29% 97.38% 97.45%
96.75% 96.90% 97.03% 97.15% 97.26% 97.35% 97.44% 97.52% 97.60% 97.67%

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

TABLE 10.6 Continued



264

30

0.00% 0.00% 0.05% 25.62% 44.22% 55.37% 62.81% 68.12% 72.11% 75.21% 77.69%
0.00% 0.00% 2.62% 25.82% 44.22% 55.37% 62.81% 68.12% 72.11% 75.21% 77.69%
0.00% 0.02% 6.64% 27.30% 44.34% 55.38% 62.81% 68.12% 72.11% 75.21% 77.69%
0.00% 0.37% 10.94% 29.75% 45.00% 55.54% 62.85% 68.13% 72.11% 75.21% 77.69%
0.00% 1.57% 15.31% 32.67% 46.31% 56.06% 63.06% 68.22% 72.15% 75.22% 77.69%
0.00% 3.71% 19.66% 35.80% 48.08% 57.01% 63.56% 68.49% 72.30% 75.31% 77.74%
0.00% 6.63% 23.98% 39.03% 50.16% 58.30% 64.37% 69.00% 72.63% 75.53% 77.89%
0.01% 10.13% 28.22% 42.28% 52.43% 59.86% 65.45% 69.76% 73.16% 75.91% 78.17%
0.04% 14.03% 32.38% 45.51% 54.80% 61.59% 66.72% 70.71% 73.89% 76.47% 78.61%
0.18% 18.17% 36.44% 48.70% 57.23% 63.44% 68.15% 71.83% 74.77% 77.18% 79.18%
0.50% 22.46% 40.40% 51.83% 59.66% 65.36% 69.67% 73.06% 75.78% 78.01% 79.88%
1.13% 26.82% 44.23% 54.88% 62.08% 67.30% 71.26% 74.37% 76.87% 78.94% 80.67%
2.15% 31.19% 47.94% 57.84% 64.47% 69.25% 72.88% 75.73% 78.03% 79.94% 81.53%
3.64% 35.51% 51.51% 60.70% 66.79% 71.18% 74.50% 77.11% 79.23% 80.98% 82.45%
5.62% 39.75% 54.94% 63.46% 69.06% 73.07% 76.11% 78.51% 80.45% 82.05% 83.41%
8.09% 43.88% 58.22% 66.10% 71.24% 74.92% 77.70% 79.89% 81.66% 83.13% 84.38%

11.01% 47.89% 61.36% 68.63% 73.35% 76.71% 79.25% 81.25% 82.87% 84.21% 85.35%
14.34% 51.74% 64.35% 71.04% 75.36% 78.43% 80.75% 82.57% 84.05% 85.28% 86.32%
18.02% 55.44% 67.18% 73.34% 77.28% 80.08% 82.19% 83.85% 85.20% 86.32% 87.27%
21.96% 58.96% 69.87% 75.51% 79.11% 81.66% 83.58% 85.09% 86.31% 87.33% 88.19%
26.11% 62.31% 72.40% 77.56% 80.84% 83.15% 84.90% 86.27% 87.38% 88.31% 89.09%
30.39% 65.48% 74.78% 79.49% 82.47% 84.57% 86.15% 87.39% 88.40% 89.24% 89.95%
34.74% 68.47% 77.01% 81.30% 84.00% 85.90% 87.34% 88.46% 89.37% 90.13% 90.77%
39.11% 71.28% 79.09% 82.99% 85.44% 87.16% 88.45% 89.47% 90.29% 90.98% 91.56%
43.44% 73.90% 81.04% 84.57% 86.78% 88.33% 89.50% 90.41% 91.16% 91.77% 92.30%
47.69% 76.35% 82.84% 86.04% 88.03% 89.43% 90.48% 91.30% 91.97% 92.52% 92.99%
51.82% 78.63% 84.52% 87.40% 89.19% 90.44% 91.39% 92.12% 92.72% 93.22% 93.64%
55.80% 80.74% 86.06% 88.65% 90.26% 91.39% 92.23% 92.89% 93.43% 93.87% 94.25%
59.62% 82.68% 87.49% 89.81% 91.25% 92.26% 93.01% 93.60% 94.08% 94.48% 94.82%
63.24% 84.47% 88.79% 90.87% 92.16% 93.06% 93.73% 94.26% 94.68% 95.04% 95.34%
66.67% 86.12% 89.99% 91.85% 92.99% 93.79% 94.39% 94.86% 95.24% 95.55% 95.82%
69.88% 87.62% 91.08% 92.73% 93.75% 94.46% 95.00% 95.41% 95.75% 96.03% 96.27%
72.88% 88.99% 92.07% 93.54% 94.45% 95.08% 95.55% 95.91% 96.21% 96.46% 96.67%
75.67% 90.23% 92.98% 94.28% 95.08% 95.63% 96.05% 96.37% 96.64% 96.86% 97.04%
78.25% 91.36% 93.79% 94.94% 95.65% 96.14% 96.50% 96.79% 97.02% 97.21% 97.38%
80.61% 92.38% 94.53% 95.54% 96.16% 96.59% 96.91% 97.16% 97.37% 97.54% 97.68%
82.78% 93.29% 95.19% 96.08% 96.62% 97.00% 97.28% 97.50% 97.68% 97.83% 97.96%
84.76% 94.11% 95.78% 96.56% 97.04% 97.37% 97.61% 97.81% 97.96% 98.09% 98.20%
86.55% 94.85% 96.31% 96.99% 97.41% 97.70% 97.91% 98.08% 98.22% 98.33% 98.43%
88.17% 95.50% 96.78% 97.37% 97.74% 97.99% 98.18% 98.32% 98.44% 98.54% 98.62%
89.63% 96.09% 97.20% 97.72% 98.03% 98.25% 98.41% 98.54% 98.64% 98.73% 98.80%
90.93% 96.60% 97.57% 98.02% 98.29% 98.48% 98.62% 98.73% 98.82% 98.90% 98.96%
92.10% 97.06% 97.90% 98.28% 98.52% 98.68% 98.81% 98.90% 98.98% 99.04% 99.10%
93.14% 97.46% 98.18% 98.52% 98.72% 98.86% 98.97% 99.05% 99.12% 99.17% 99.22%
94.06% 97.81% 98.44% 98.73% 98.90% 99.02% 99.11% 99.18% 99.24% 99.29% 99.33%
94.87% 98.12% 98.66% 98.91% 99.06% 99.16% 99.24% 99.30% 99.35% 99.39% 99.42%
95.58% 98.39% 98.85% 99.06% 99.19% 99.28% 99.35% 99.40% 99.44% 99.48% 99.50%
96.21% 98.63% 99.02% 99.20% 99.31% 99.39% 99.44% 99.49% 99.52% 99.55% 99.58%
96.76% 98.83% 99.17% 99.32% 99.41% 99.48% 99.53% 99.56% 99.59% 99.62% 99.64%
97.23% 99.01% 99.29% 99.42% 99.50% 99.56% 99.60% 99.63% 99.65% 99.68% 99.69%
97.65% 99.16% 99.40% 99.51% 99.58% 99.62% 99.66% 99.69% 99.71% 99.72% 99.74%

Maturity

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

Year(s) Risk-Free Rate 5%
Profitability Ratio (% in-the-money)

–30.00% –20.00% –10.00% 0.00%–99% –90.00% –80.00% –70.00% –60.00% –50.00% –40.00%

TABLE 10.7 Real Options Value—30-Year Maturity

Note: Risk-free rate is 5 percent.



79.72% 81.41% 82.84% 84.06% 85.12% 86.05% 86.87% 87.60% 88.26% 88.84%
79.72% 81.41% 82.84% 84.06% 85.12% 86.05% 86.87% 87.60% 88.26% 88.84%
79.72% 81.41% 82.84% 84.06% 85.12% 86.05% 86.87% 87.60% 88.26% 88.84%
79.72% 81.41% 82.84% 84.06% 85.12% 86.05% 86.87% 87.60% 88.26% 88.84%
79.72% 81.41% 82.84% 84.06% 85.12% 86.05% 86.87% 87.60% 88.26% 88.84%
79.75% 81.43% 82.85% 84.07% 85.13% 86.06% 86.88% 87.61% 88.26% 88.84%
79.85% 81.49% 82.90% 84.10% 85.15% 86.08% 86.89% 87.62% 88.26% 88.85%
80.06% 81.65% 83.02% 84.20% 85.23% 86.13% 86.94% 87.65% 88.29% 88.87%
80.40% 81.92% 83.24% 84.37% 85.37% 86.25% 87.03% 87.73% 88.36% 88.93%
80.87% 82.31% 83.56% 84.65% 85.60% 86.45% 87.20% 87.88% 88.49% 89.04%
81.46% 82.81% 83.99% 85.01% 85.92% 86.73% 87.45% 88.09% 88.68% 89.21%
82.14% 83.40% 84.50% 85.47% 86.32% 87.08% 87.77% 88.38% 88.94% 89.44%
82.90% 84.07% 85.10% 86.00% 86.80% 87.51% 88.15% 88.73% 89.26% 89.74%
83.71% 84.80% 85.75% 86.59% 87.33% 88.00% 88.60% 89.14% 89.63% 90.08%
84.57% 85.57% 86.45% 87.22% 87.91% 88.53% 89.09% 89.59% 90.05% 90.47%
85.44% 86.36% 87.17% 87.89% 88.53% 89.10% 89.61% 90.08% 90.51% 90.90%
86.33% 87.17% 87.92% 88.57% 89.16% 89.69% 90.16% 90.60% 90.99% 91.35%
87.21% 87.99% 88.67% 89.27% 89.81% 90.29% 90.73% 91.13% 91.49% 91.83%
88.08% 88.79% 89.41% 89.96% 90.46% 90.90% 91.30% 91.67% 92.00% 92.31%
88.94% 89.58% 90.15% 90.65% 91.10% 91.51% 91.87% 92.21% 92.52% 92.80%
89.76% 90.35% 90.87% 91.33% 91.74% 92.11% 92.44% 92.75% 93.02% 93.28%
90.56% 91.10% 91.56% 91.98% 92.35% 92.69% 92.99% 93.27% 93.53% 93.76%
91.33% 91.81% 92.23% 92.61% 92.95% 93.25% 93.53% 93.78% 94.01% 94.23%
92.06% 92.49% 92.88% 93.22% 93.52% 93.80% 94.05% 94.28% 94.49% 94.68%
92.75% 93.14% 93.48% 93.79% 94.07% 94.32% 94.54% 94.75% 94.94% 95.11%
93.40% 93.75% 94.06% 94.34% 94.59% 94.81% 95.01% 95.20% 95.37% 95.53%
94.01% 94.32% 94.60% 94.85% 95.08% 95.28% 95.46% 95.63% 95.78% 95.92%
94.58% 94.86% 95.11% 95.33% 95.53% 95.71% 95.88% 96.03% 96.17% 96.29%
95.11% 95.36% 95.59% 95.78% 95.96% 96.12% 96.27% 96.40% 96.53% 96.64%
95.60% 95.83% 96.02% 96.20% 96.36% 96.51% 96.64% 96.76% 96.87% 96.97%
96.05% 96.25% 96.43% 96.59% 96.73% 96.86% 96.98% 97.08% 97.18% 97.27%
96.47% 96.65% 96.81% 96.95% 97.07% 97.19% 97.29% 97.38% 97.47% 97.55%
96.85% 97.01% 97.15% 97.27% 97.38% 97.49% 97.58% 97.66% 97.74% 97.81%
97.20% 97.34% 97.46% 97.57% 97.67% 97.76% 97.84% 97.91% 97.98% 98.05%
97.52% 97.64% 97.75% 97.85% 97.93% 98.01% 98.08% 98.15% 98.21% 98.26%
97.81% 97.91% 98.01% 98.09% 98.17% 98.24% 98.30% 98.36% 98.41% 98.46%
98.07% 98.16% 98.24% 98.32% 98.38% 98.44% 98.50% 98.55% 98.60% 98.64%
98.30% 98.38% 98.45% 98.52% 98.58% 98.63% 98.68% 98.72% 98.76% 98.80%
98.51% 98.58% 98.64% 98.70% 98.75% 98.80% 98.84% 98.88% 98.91% 98.95%
98.70% 98.76% 98.81% 98.86% 98.91% 98.95% 98.98% 99.02% 99.05% 99.08%
98.86% 98.92% 98.97% 99.01% 99.05% 99.08% 99.11% 99.14% 99.17% 99.19%
99.01% 99.06% 99.10% 99.14% 99.17% 99.20% 99.23% 99.25% 99.28% 99.30%
99.14% 99.18% 99.22% 99.25% 99.28% 99.31% 99.33% 99.35% 99.37% 99.39%
99.26% 99.29% 99.33% 99.35% 99.38% 99.40% 99.42% 99.44% 99.46% 99.47%
99.36% 99.39% 99.42% 99.44% 99.46% 99.48% 99.50% 99.52% 99.53% 99.54%
99.45% 99.48% 99.50% 99.52% 99.54% 99.55% 99.57% 99.58% 99.60% 99.61%
99.53% 99.55% 99.57% 99.59% 99.60% 99.62% 99.63% 99.64% 99.65% 99.66%
99.60% 99.62% 99.63% 99.65% 99.66% 99.67% 99.68% 99.69% 99.70% 99.71%
99.66% 99.67% 99.69% 99.70% 99.71% 99.72% 99.73% 99.74% 99.75% 99.75%
99.71% 99.72% 99.73% 99.74% 99.75% 99.76% 99.77% 99.78% 99.78% 99.79%
99.75% 99.76% 99.77% 99.78% 99.79% 99.80% 99.81% 99.81% 99.82% 99.82%

Volatility
1.00%
3.00%
5.00%
7.00%
9.00%

11.00%
13.00%
15.00%
17.00%
19.00%
21.00%
23.00%
25.00%
27.00%
29.00%
31.00%
33.00%
35.00%
37.00%
39.00%
41.00%
43.00%
45.00%
47.00%
49.00%
51.00%
53.00%
55.00%
57.00%
59.00%
61.00%
63.00%
65.00%
67.00%
69.00%
71.00%
73.00%
75.00%
77.00%
79.00%
81.00%
83.00%
85.00%
87.00%
89.00%
91.00%
93.00%
95.00%
97.00%
99.00%

101.00%

10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%
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TABLE 10.7 Continued



IMPLIED VOLATILITY TABLES

Tables 10.8 and 10.9 show the implied volatility of a project based on man-
agement’s estimated minimum or maximum values of an asset at the end of
the maturity term. The columns list the maximum step-size ratio and mini-
mum step-size ratio. The rows list the maturity of the option. The risk-free
rate or implementation costs are irrelevant in this analysis. Notice that the
higher (lower) the step-size ratio on the maximum (minimum) value, the higher
(lower) the volatility. In addition, the longer the maturity, with the same
step-size ratio, the lower the implied volatility.
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Example

Suppose management agrees that the maximum possible asset value of a par-
ticular project with a strategic option with 5-year expiration is $300 million
at the end of this 5-year horizon. Further, suppose the net present value of
the project is currently valued at $100 million. Find the implied volatility of
this project.

Using the implied volatility table for maximum values, the maximum
step size is $300 million divided by $100 million or 3.0, with a 5-year ma-
turity. The resulting implied volatility of the project is found to be 21.97 per-
cent. Another way to look at it is to build a simple five-step lattice (Figure
10.1), with a starting asset value of $100 million, a volatility of 21.97 per-
cent, with a 5-year maturity.
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FIGURE 10.1 Simple five-step lattice.
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162.19% 277.26% 366.52% 439.44% 501.11% 554.52% 601.63% 643.78% 681.90% 716.70%
81.09% 138.63% 183.26% 219.72% 250.55% 277.26% 300.82% 321.89% 340.95% 358.35%
54.06% 92.42% 122.17% 146.48% 167.04% 184.84% 200.54% 214.59% 227.30% 238.90%
40.55% 69.31% 91.63% 109.86% 125.28% 138.63% 150.41% 160.94% 170.47% 179.18%
32.44% 55.45% 73.30% 87.89% 100.22% 110.90% 120.33% 128.76% 136.38% 143.34%
27.03% 46.21% 61.09% 73.24% 83.52% 92.42% 100.27% 107.30% 113.65% 119.45%
23.17% 39.61% 52.36% 62.78% 71.59% 79.22% 85.95% 91.97% 97.41% 102.39%
20.27% 34.66% 45.81% 54.93% 62.64% 69.31% 75.20% 80.47% 85.24% 89.59%
18.02% 30.81% 40.72% 48.83% 55.68% 61.61% 66.85% 71.53% 75.77% 79.63%
16.22% 27.73% 36.65% 43.94% 50.11% 55.45% 60.16% 64.38% 68.19% 71.67%
14.74% 25.21% 33.32% 39.95% 45.56% 50.41% 54.69% 58.53% 61.99% 65.15%
13.52% 23.10% 30.54% 36.62% 41.76% 46.21% 50.14% 53.65% 56.82% 59.73%
12.48% 21.33% 28.19% 33.80% 38.55% 42.66% 46.28% 49.52% 52.45% 55.13%
11.58% 19.80% 26.18% 31.39% 35.79% 39.61% 42.97% 45.98% 48.71% 51.19%
10.81% 18.48% 24.43% 29.30% 33.41% 36.97% 40.11% 42.92% 45.46% 47.78%
10.14% 17.33% 22.91% 27.47% 31.32% 34.66% 37.60% 40.24% 42.62% 44.79%

9.54% 16.31% 21.56% 25.85% 29.48% 32.62% 35.39% 37.87% 40.11% 42.16%
9.01% 15.40% 20.36% 24.41% 27.84% 30.81% 33.42% 35.77% 37.88% 39.82%
8.54% 14.59% 19.29% 23.13% 26.37% 29.19% 31.66% 33.88% 35.89% 37.72%
8.11% 13.86% 18.33% 21.97% 25.06% 27.73% 30.08% 32.19% 34.09% 35.84%
7.72% 13.20% 17.45% 20.93% 23.86% 26.41% 28.65% 30.66% 32.47% 34.13%
7.37% 12.60% 16.66% 19.97% 22.78% 25.21% 27.35% 29.26% 31.00% 32.58%
7.05% 12.05% 15.94% 19.11% 21.79% 24.11% 26.16% 27.99% 29.65% 31.16%
6.76% 11.55% 15.27% 18.31% 20.88% 23.10% 25.07% 26.82% 28.41% 29.86%
6.49% 11.09% 14.66% 17.58% 20.04% 22.18% 24.07% 25.75% 27.28% 28.67%
6.24% 10.66% 14.10% 16.90% 19.27% 21.33% 23.14% 24.76% 26.23% 27.57%
6.01% 10.27% 13.57% 16.28% 18.56% 20.54% 22.28% 23.84% 25.26% 26.54%
5.79% 9.90% 13.09% 15.69% 17.90% 19.80% 21.49% 22.99% 24.35% 25.60%
5.59% 9.56% 12.64% 15.15% 17.28% 19.12% 20.75% 22.20% 23.51% 24.71%
5.41% 9.24% 12.22% 14.65% 16.70% 18.48% 20.05% 21.46% 22.73% 23.89%
5.23% 8.94% 11.82% 14.18% 16.16% 17.89% 19.41% 20.77% 22.00% 23.12%
5.07% 8.66% 11.45% 13.73% 15.66% 17.33% 18.80% 20.12% 21.31% 22.40%
4.91% 8.40% 11.11% 13.32% 15.19% 16.80% 18.23% 19.51% 20.66% 21.72%
4.77% 8.15% 10.78% 12.92% 14.74% 16.31% 17.70% 18.93% 20.06% 21.08%
4.63% 7.92% 10.47% 12.56% 14.32% 15.84% 17.19% 18.39% 19.48% 20.48%
4.51% 7.70% 10.18% 12.21% 13.92% 15.40% 16.71% 17.88% 18.94% 19.91%
4.38% 7.49% 9.91% 11.88% 13.54% 14.99% 16.26% 17.40% 18.43% 19.37%
4.27% 7.30% 9.65% 11.56% 13.19% 14.59% 15.83% 16.94% 17.94% 18.86%
4.16% 7.11% 9.40% 11.27% 12.85% 14.22% 15.43% 16.51% 17.48% 18.38%
4.05% 6.93% 9.16% 10.99% 12.53% 13.86% 15.04% 16.09% 17.05% 17.92%
3.96% 6.76% 8.94% 10.72% 12.22% 13.52% 14.67% 15.70% 16.63% 17.48%
3.86% 6.60% 8.73% 10.46% 11.93% 13.20% 14.32% 15.33% 16.24% 17.06%
3.77% 6.45% 8.52% 10.22% 11.65% 12.90% 13.99% 14.97% 15.86% 16.67%
3.69% 6.30% 8.33% 9.99% 11.39% 12.60% 13.67% 14.63% 15.50% 16.29%
3.60% 6.16% 8.14% 9.77% 11.14% 12.32% 13.37% 14.31% 15.15% 15.93%
3.53% 6.03% 7.97% 9.55% 10.89% 12.05% 13.08% 14.00% 14.82% 15.58%
3.45% 5.90% 7.80% 9.35% 10.66% 11.80% 12.80% 13.70% 14.51% 15.25%
3.38% 5.78% 7.64% 9.16% 10.44% 11.55% 12.53% 13.41% 14.21% 14.93%

Maximum Step Size Ratio (Max/Now)
Maturity

0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00
5.25
5.50
5.75
6.00
6.25
6.50
6.75
7.00
7.25
7.50
7.75
8.00
8.25
8.50
8.75
9.00
9.25
9.50
9.75

10.00
10.25
10.50
10.75
11.00
11.25
11.50
11.75
12.00
12 25

5.00 5.50 6.001.50 2.00 2.50 3.00 3.50 4.00 4.50
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748.72% 778.36% 805.96% 831.78% 856.03% 878.89% 900.52% 921.03% 940.55% 959.16%
374.36% 389.18% 402.98% 415.89% 428.01% 439.44% 450.26% 460.52% 470.28% 479.58%
249.57% 259.45% 268.65% 277.26% 285.34% 292.96% 300.17% 307.01% 313.52% 319.72%
187.18% 194.59% 201.49% 207.94% 214.01% 219.72% 225.13% 230.26% 235.14% 239.79%
149.74% 155.67% 161.19% 166.36% 171.21% 175.78% 180.10% 184.21% 188.11% 191.83%
124.79% 129.73% 134.33% 138.63% 142.67% 146.48% 150.09% 153.51% 156.76% 159.86%
106.96% 111.19% 115.14% 118.83% 122.29% 125.56% 128.65% 131.58% 134.36% 137.02%
93.59% 97.30% 100.75% 103.97% 107.00% 109.86% 112.56% 115.13% 117.57% 119.89%
83.19% 86.48% 89.55% 92.42% 95.11% 97.65% 100.06% 102.34% 104.51% 106.57%
74.87% 77.84% 80.60% 83.18% 85.60% 87.89% 90.05% 92.10% 94.06% 95.92%
68.07% 70.76% 73.27% 75.62% 77.82% 79.90% 81.87% 83.73% 85.50% 87.20%
62.39% 64.86% 67.16% 69.31% 71.34% 73.24% 75.04% 76.75% 78.38% 79.93%
57.59% 59.87% 62.00% 63.98% 65.85% 67.61% 69.27% 70.85% 72.35% 73.78%
53.48% 55.60% 57.57% 59.41% 61.14% 62.78% 64.32% 65.79% 67.18% 68.51%
49.91% 51.89% 53.73% 55.45% 57.07% 58.59% 60.03% 61.40% 62.70% 63.94%
46.80% 48.65% 50.37% 51.99% 53.50% 54.93% 56.28% 57.56% 58.78% 59.95%
44.04% 45.79% 47.41% 48.93% 50.35% 51.70% 52.97% 54.18% 55.33% 56.42%
41.60% 43.24% 44.78% 46.21% 47.56% 48.83% 50.03% 51.17% 52.25% 53.29%
39.41% 40.97% 42.42% 43.78% 45.05% 46.26% 47.40% 48.48% 49.50% 50.48%
37.44% 38.92% 40.30% 41.59% 42.80% 43.94% 45.03% 46.05% 47.03% 47.96%
35.65% 37.06% 38.38% 39.61% 40.76% 41.85% 42.88% 43.86% 44.79% 45.67%
34.03% 35.38% 36.63% 37.81% 38.91% 39.95% 40.93% 41.87% 42.75% 43.60%
32.55% 33.84% 35.04% 36.16% 37.22% 38.21% 39.15% 40.04% 40.89% 41.70%
31.20% 32.43% 33.58% 34.66% 35.67% 36.62% 37.52% 38.38% 39.19% 39.96%
29.95% 31.13% 32.24% 33.27% 34.24% 35.16% 36.02% 36.84% 37.62% 38.37%
28.80% 29.94% 31.00% 31.99% 32.92% 33.80% 34.64% 35.42% 36.18% 36.89%
27.73% 28.83% 29.85% 30.81% 31.70% 32.55% 33.35% 34.11% 34.84% 35.52%
26.74% 27.80% 28.78% 29.71% 30.57% 31.39% 32.16% 32.89% 33.59% 34.26%
25.82% 26.84% 27.79% 28.68% 29.52% 30.31% 31.05% 31.76% 32.43% 33.07%
24.96% 25.95% 26.87% 27.73% 28.53% 29.30% 30.02% 30.70% 31.35% 31.97%
24.15% 25.11% 26.00% 26.83% 27.61% 28.35% 29.05% 29.71% 30.34% 30.94%
23.40% 24.32% 25.19% 25.99% 26.75% 27.47% 28.14% 28.78% 29.39% 29.97%
22.69% 23.59% 24.42% 25.21% 25.94% 26.63% 27.29% 27.91% 28.50% 29.07%
22.02% 22.89% 23.70% 24.46% 25.18% 25.85% 26.49% 27.09% 27.66% 28.21%
21.39% 22.24% 23.03% 23.77% 24.46% 25.11% 25.73% 26.32% 26.87% 27.40%
20.80% 21.62% 22.39% 23.10% 23.78% 24.41% 25.01% 25.58% 26.13% 26.64%
20.24% 21.04% 21.78% 22.48% 23.14% 23.75% 24.34% 24.89% 25.42% 25.92%
19.70% 20.48% 21.21% 21.89% 22.53% 23.13% 23.70% 24.24% 24.75% 25.24%
19.20% 19.96% 20.67% 21.33% 21.95% 22.54% 23.09% 23.62% 24.12% 24.59%
18.72% 19.46% 20.15% 20.79% 21.40% 21.97% 22.51% 23.03% 23.51% 23.98%
18.26% 18.98% 19.66% 20.29% 20.88% 21.44% 21.96% 22.46% 22.94% 23.39%
17.83% 18.53% 19.19% 19.80% 20.38% 20.93% 21.44% 21.93% 22.39% 22.84%
17.41% 18.10% 18.74% 19.34% 19.91% 20.44% 20.94% 21.42% 21.87% 22.31%
17.02% 17.69% 18.32% 18.90% 19.46% 19.97% 20.47% 20.93% 21.38% 21.80%
16.64% 17.30% 17.91% 18.48% 19.02% 19.53% 20.01% 20.47% 20.90% 21.31%
16.28% 16.92% 17.52% 18.08% 18.61% 19.11% 19.58% 20.02% 20.45% 20.85%
15.93% 16.56% 17.15% 17.70% 18.21% 18.70% 19.16% 19.60% 20.01% 20.41%
15.60% 16.22% 16.79% 17.33% 17.83% 18.31% 18.76% 19.19% 19.59% 19.98%

Maturity
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00
5.25
5.50
5.75
6.00
6.25
6.50
6.75
7.00
7.25
7.50
7.75
8.00
8.25
8.50
8.75
9.00
9.25
9.50
9.75

10.00
10.25
10.50
10.75
11.00
11.25
11.50
11.75
12.00
12 25

6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00
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1198.29% 921.03% 758.85% 643.78% 554.52% 481.59% 419.93% 366.52% 319.40% 277.26%
599.15% 460.52% 379.42% 321.89% 277.26% 240.79% 209.96% 183.26% 159.70% 138.63%
399.43% 307.01% 252.95% 214.59% 184.84% 160.53% 139.98% 122.17% 106.47% 92.42%
299.57% 230.26% 189.71% 160.94% 138.63% 120.40% 104.98% 91.63% 79.85% 69.31%
239.66% 184.21% 151.77% 128.76% 110.90% 96.32% 83.99% 73.30% 63.88% 55.45%
199.72% 153.51% 126.47% 107.30% 92.42% 80.26% 69.99% 61.09% 53.23% 46.21%
171.18% 131.58% 108.41% 91.97% 79.22% 68.80% 59.99% 52.36% 45.63% 39.61%
149.79% 115.13% 94.86% 80.47% 69.31% 60.20% 52.49% 45.81% 39.93% 34.66%
133.14% 102.34% 84.32% 71.53% 61.61% 53.51% 46.66% 40.72% 35.49% 30.81%
119.83% 92.10% 75.88% 64.38% 55.45% 48.16% 41.99% 36.65% 31.94% 27.73%
108.94% 83.73% 68.99% 58.53% 50.41% 43.78% 38.18% 33.32% 29.04% 25.21%
99.86% 76.75% 63.24% 53.65% 46.21% 40.13% 34.99% 30.54% 26.62% 23.10%
92.18% 70.85% 58.37% 49.52% 42.66% 37.05% 32.30% 28.19% 24.57% 21.33%
85.59% 65.79% 54.20% 45.98% 39.61% 34.40% 29.99% 26.18% 22.81% 19.80%
79.89% 61.40% 50.59% 42.92% 36.97% 32.11% 28.00% 24.43% 21.29% 18.48%
74.89% 57.56% 47.43% 40.24% 34.66% 30.10% 26.25% 22.91% 19.96% 17.33%
70.49% 54.18% 44.64% 37.87% 32.62% 28.33% 24.70% 21.56% 18.79% 16.31%
66.57% 51.17% 42.16% 35.77% 30.81% 26.75% 23.33% 20.36% 17.74% 15.40%
63.07% 48.48% 39.94% 33.88% 29.19% 25.35% 22.10% 19.29% 16.81% 14.59%
59.91% 46.05% 37.94% 32.19% 27.73% 24.08% 21.00% 18.33% 15.97% 13.86%
57.06% 43.86% 36.14% 30.66% 26.41% 22.93% 20.00% 17.45% 15.21% 13.20%
54.47% 41.87% 34.49% 29.26% 25.21% 21.89% 19.09% 16.66% 14.52% 12.60%
52.10% 40.04% 32.99% 27.99% 24.11% 20.94% 18.26% 15.94% 13.89% 12.05%
49.93% 38.38% 31.62% 26.82% 23.10% 20.07% 17.50% 15.27% 13.31% 11.55%
47.93% 36.84% 30.35% 25.75% 22.18% 19.26% 16.80% 14.66% 12.78% 11.09%
46.09% 35.42% 29.19% 24.76% 21.33% 18.52% 16.15% 14.10% 12.28% 10.66%
44.38% 34.11% 28.11% 23.84% 20.54% 17.84% 15.55% 13.57% 11.83% 10.27%
42.80% 32.89% 27.10% 22.99% 19.80% 17.20% 15.00% 13.09% 11.41% 9.90%
41.32% 31.76% 26.17% 22.20% 19.12% 16.61% 14.48% 12.64% 11.01% 9.56%
39.94% 30.70% 25.29% 21.46% 18.48% 16.05% 14.00% 12.22% 10.65% 9.24%
38.65% 29.71% 24.48% 20.77% 17.89% 15.54% 13.55% 11.82% 10.30% 8.94%
37.45% 28.78% 23.71% 20.12% 17.33% 15.05% 13.12% 11.45% 9.98% 8.66%
36.31% 27.91% 23.00% 19.51% 16.80% 14.59% 12.73% 11.11% 9.68% 8.40%
35.24% 27.09% 22.32% 18.93% 16.31% 14.16% 12.35% 10.78% 9.39% 8.15%
34.24% 26.32% 21.68% 18.39% 15.84% 13.76% 12.00% 10.47% 9.13% 7.92%
33.29% 25.58% 21.08% 17.88% 15.40% 13.38% 11.66% 10.18% 8.87% 7.70%
32.39% 24.89% 20.51% 17.40% 14.99% 13.02% 11.35% 9.91% 8.63% 7.49%
31.53% 24.24% 19.97% 16.94% 14.59% 12.67% 11.05% 9.65% 8.41% 7.30%
30.73% 23.62% 19.46% 16.51% 14.22% 12.35% 10.77% 9.40% 8.19% 7.11%
29.96% 23.03% 18.97% 16.09% 13.86% 12.04% 10.50% 9.16% 7.99% 6.93%
29.23% 22.46% 18.51% 15.70% 13.52% 11.75% 10.24% 8.94% 7.79% 6.76%
28.53% 21.93% 18.07% 15.33% 13.20% 11.47% 10.00% 8.73% 7.60% 6.60%
27.87% 21.42% 17.65% 14.97% 12.90% 11.20% 9.77% 8.52% 7.43% 6.45%
27.23% 20.93% 17.25% 14.63% 12.60% 10.95% 9.54% 8.33% 7.26% 6.30%
26.63% 20.47% 16.86% 14.31% 12.32% 10.70% 9.33% 8.14% 7.10% 6.16%
26.05% 20.02% 16.50% 14.00% 12.05% 10.47% 9.13% 7.97% 6.94% 6.03%
25.50% 19.60% 16.15% 13.70% 11.80% 10.25% 8.93% 7.80% 6.80% 5.90%
24.96% 19.19% 15.81% 13.41% 11.55% 10.03% 8.75% 7.64% 6.65% 5.78%

Minimum Step Size Ratio (Min/Now)
Maturity

0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00
5.25
5.50
5.75
6.00
6.25
6.50
6.75
7.00
7.25
7.50
7.75
8.00
8.25
8.50
8.75
9.00
9.25
9.50
9.75

10.00
10.25
10.50
10.75
11.00
11.25
11.50
11.75
12.00
12.25
12.50
12 75

0.40 0.45 0.500.05 0.10 0.15 0.20 0.25 0.30 0.35
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239.13% 204.33% 172.31% 142.67% 115.07% 89.26% 65.01% 42.14% 20.52% 4.02%
119.57% 102.17% 86.16% 71.33% 57.54% 44.63% 32.50% 21.07% 10.26% 2.01%
79.71% 68.11% 57.44% 47.56% 38.36% 29.75% 21.67% 14.05% 6.84% 1.34%
59.78% 51.08% 43.08% 35.67% 28.77% 22.31% 16.25% 10.54% 5.13% 1.01%
47.83% 40.87% 34.46% 28.53% 23.01% 17.85% 13.00% 8.43% 4.10% 0.80%
39.86% 34.06% 28.72% 23.78% 19.18% 14.88% 10.83% 7.02% 3.42% 0.67%
34.16% 29.19% 24.62% 20.38% 16.44% 12.75% 9.29% 6.02% 2.93% 0.57%
29.89% 25.54% 21.54% 17.83% 14.38% 11.16% 8.13% 5.27% 2.56% 0.50%
26.57% 22.70% 19.15% 15.85% 12.79% 9.92% 7.22% 4.68% 2.28% 0.45%
23.91% 20.43% 17.23% 14.27% 11.51% 8.93% 6.50% 4.21% 2.05% 0.40%
21.74% 18.58% 15.66% 12.97% 10.46% 8.11% 5.91% 3.83% 1.87% 0.37%
19.93% 17.03% 14.36% 11.89% 9.59% 7.44% 5.42% 3.51% 1.71% 0.34%
18.39% 15.72% 13.25% 10.97% 8.85% 6.87% 5.00% 3.24% 1.58% 0.31%
17.08% 14.60% 12.31% 10.19% 8.22% 6.38% 4.64% 3.01% 1.47% 0.29%
15.94% 13.62% 11.49% 9.51% 7.67% 5.95% 4.33% 2.81% 1.37% 0.27%
14.95% 12.77% 10.77% 8.92% 7.19% 5.58% 4.06% 2.63% 1.28% 0.25%
14.07% 12.02% 10.14% 8.39% 6.77% 5.25% 3.82% 2.48% 1.21% 0.24%
13.29% 11.35% 9.57% 7.93% 6.39% 4.96% 3.61% 2.34% 1.14% 0.22%
12.59% 10.75% 9.07% 7.51% 6.06% 4.70% 3.42% 2.22% 1.08% 0.21%
11.96% 10.22% 8.62% 7.13% 5.75% 4.46% 3.25% 2.11% 1.03% 0.20%
11.39% 9.73% 8.21% 6.79% 5.48% 4.25% 3.10% 2.01% 0.98% 0.19%
10.87% 9.29% 7.83% 6.48% 5.23% 4.06% 2.95% 1.92% 0.93% 0.18%
10.40% 8.88% 7.49% 6.20% 5.00% 3.88% 2.83% 1.83% 0.89% 0.17%
9.96% 8.51% 7.18% 5.94% 4.79% 3.72% 2.71% 1.76% 0.85% 0.17%
9.57% 8.17% 6.89% 5.71% 4.60% 3.57% 2.60% 1.69% 0.82% 0.16%
9.20% 7.86% 6.63% 5.49% 4.43% 3.43% 2.50% 1.62% 0.79% 0.15%
8.86% 7.57% 6.38% 5.28% 4.26% 3.31% 2.41% 1.56% 0.76% 0.15%
8.54% 7.30% 6.15% 5.10% 4.11% 3.19% 2.32% 1.51% 0.73% 0.14%
8.25% 7.05% 5.94% 4.92% 3.97% 3.08% 2.24% 1.45% 0.71% 0.14%
7.97% 6.81% 5.74% 4.76% 3.84% 2.98% 2.17% 1.40% 0.68% 0.13%
7.71% 6.59% 5.56% 4.60% 3.71% 2.88% 2.10% 1.36% 0.66% 0.13%
7.47% 6.39% 5.38% 4.46% 3.60% 2.79% 2.03% 1.32% 0.64% 0.13%
7.25% 6.19% 5.22% 4.32% 3.49% 2.70% 1.97% 1.28% 0.62% 0.12%
7.03% 6.01% 5.07% 4.20% 3.38% 2.63% 1.91% 1.24% 0.60% 0.12%
6.83% 5.84% 4.92% 4.08% 3.29% 2.55% 1.86% 1.20% 0.59% 0.11%
6.64% 5.68% 4.79% 3.96% 3.20% 2.48% 1.81% 1.17% 0.57% 0.11%
6.46% 5.52% 4.66% 3.86% 3.11% 2.41% 1.76% 1.14% 0.55% 0.11%
6.29% 5.38% 4.53% 3.75% 3.03% 2.35% 1.71% 1.11% 0.54% 0.11%
6.13% 5.24% 4.42% 3.66% 2.95% 2.29% 1.67% 1.08% 0.53% 0.10%
5.98% 5.11% 4.31% 3.57% 2.88% 2.23% 1.63% 1.05% 0.51% 0.10%
5.83% 4.98% 4.20% 3.48% 2.81% 2.18% 1.59% 1.03% 0.50% 0.10%
5.69% 4.87% 4.10% 3.40% 2.74% 2.13% 1.55% 1.00% 0.49% 0.10%
5.56% 4.75% 4.01% 3.32% 2.68% 2.08% 1.51% 0.98% 0.48% 0.09%
5.43% 4.64% 3.92% 3.24% 2.62% 2.03% 1.48% 0.96% 0.47% 0.09%
5.31% 4.54% 3.83% 3.17% 2.56% 1.98% 1.44% 0.94% 0.46% 0.09%
5.20% 4.44% 3.75% 3.10% 2.50% 1.94% 1.41% 0.92% 0.45% 0.09%
5.09% 4.35% 3.67% 3.04% 2.45% 1.90% 1.38% 0.90% 0.44% 0.09%
4.98% 4.26% 3.59% 2.97% 2.40% 1.86% 1.35% 0.88% 0.43% 0.08%

Maturity
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00
5.25
5.50
5.75
6.00
6.25
6.50
6.75
7.00
7.25
7.50
7.75
8.00
8.25
8.50
8.75
9.00
9.25
9.50
9.75

10.00
10.25
10.50
10.75
11.00
11.25
11.50
11.75
12.00
12.25
12.50
12 75

0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 0.99

TABLE 10.9 Continued



DIVIDEND IMPACT TABLES

Tables 10.10 through 10.12 list the impact of a dividend on an American
option. The columns list the volatility of the underlying asset, whereas the
rows list the dividend payout as a percentage of asset value. The resulting
values show the reduction in option value from a base case with no divi-
dends. Notice that as volatility increases, the reduction in option value be-
comes less. In retrospect, when the dividend rate increases, the reduction in
option value increases.
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Example

Calculate the impact to an option’s value if a 1.55 percent dividend exists on
a 5-year real option with 10 percent volatility.

1. Assume both asset value and implementation costs are at $100 million.
2. What if both asset value and implementation costs are now $350 mil-

lion?
3. Find the effect if asset value is $120 million but implementation cost is

$100 million.

Answers

1. Based on the table for at-the-money options, the impact is –27.19 per-
cent. This is simply the difference in option value, where the real option
value on an American call is $23.42 for zero dividends and $17.05 for
the 1.55 percent dividend. The change from $23.42 to $17.05 is simply
–27.19 percent.

2. The same –27.19 percent applies as the option is still at-the-money.
3. Using the table for 20 percent in-the-money, the reduction is –20.48

percent.

Dividend Impact Tables 273
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-1.11% -0.95% -0.79% -0.67% -0.59% -0.53% -0.48% -0.45% -0.42% -0.39%
-3.33% -2.83% -2.35% -2.00% -1.76% -1.58% -1.44% -1.33% -1.25% -1.18%
-5.53% -4.70% -3.89% -3.32% -2.92% -2.62% -2.39% -2.21% -2.07% -1.96%
-7.72% -6.54% -5.42% -4.63% -4.06% -3.65% -3.33% -3.09% -2.89% -2.73%
-9.89% -8.37% -6.93% -5.92% -5.20% -4.67% -4.27% -3.96% -3.70% -3.49%

-12.05% -10.18% -8.43% -7.20% -6.33% -5.69% -5.20% -4.81% -4.50% -4.24%
-14.19% -11.96% -9.92% -8.48% -7.45% -6.70% -6.12% -5.67% -5.30% -4.99%
-16.32% -13.73% -11.38% -9.73% -8.56% -7.69% -7.03% -6.51% -6.08% -5.72%
-18.43% -15.48% -12.84% -10.98% -9.66% -8.68% -7.94% -7.34% -6.86% -6.44%
-20.52% -17.21% -14.27% -12.21% -10.75% -9.66% -8.83% -8.17% -7.62% -7.16%
-22.60% -18.93% -15.70% -13.44% -11.83% -10.64% -9.72% -8.98% -8.37% -7.85%
-24.66% -20.62% -17.10% -14.65% -12.90% -11.60% -10.59% -9.78% -9.11% -8.54%
-26.70% -22.29% -18.50% -15.84% -13.95% -12.55% -11.46% -10.58% -9.84% -9.21%
-28.72% -23.94% -19.87% -17.03% -15.00% -13.49% -12.31% -11.36% -10.56% -9.87%
-30.72% -25.58% -21.23% -18.20% -16.04% -14.42% -13.15% -12.12% -11.26% -10.52%
-32.71% -27.19% -22.58% -19.37% -17.06% -15.34% -13.98% -12.88% -11.95% -11.15%
-34.67% -28.78% -23.91% -20.51% -18.08% -16.24% -14.80% -13.62% -12.63% -11.77%
-36.61% -30.36% -25.23% -21.65% -19.08% -17.13% -15.60% -14.34% -13.29% -12.38%
-38.53% -31.91% -26.53% -22.77% -20.07% -18.01% -16.39% -15.06% -13.94% -12.98%
-40.43% -33.44% -27.81% -23.88% -21.04% -18.88% -17.17% -15.76% -14.58% -13.56%
-42.31% -34.95% -29.08% -24.98% -22.00% -19.73% -17.93% -16.45% -15.20% -14.13%
-44.16% -36.45% -30.34% -26.06% -22.95% -20.57% -18.67% -17.12% -15.81% -14.69%
-45.99% -37.92% -31.57% -27.13% -23.88% -21.39% -19.41% -17.78% -16.41% -15.24%
-47.79% -39.37% -32.80% -28.18% -24.79% -22.20% -20.12% -18.42% -16.99% -15.78%
-49.57% -40.80% -34.00% -29.21% -25.69% -22.99% -20.83% -19.05% -17.57% -16.30%
-51.32% -42.21% -35.19% -30.23% -26.58% -23.76% -21.51% -19.67% -18.13% -16.82%
-53.04% -43.60% -36.36% -31.23% -27.44% -24.52% -22.19% -20.27% -18.68% -17.33%
-54.74% -44.97% -37.51% -32.21% -28.29% -25.26% -22.84% -20.86% -19.22% -17.82%
-56.41% -46.31% -38.64% -33.18% -29.12% -25.99% -23.49% -21.44% -19.74% -18.31%
-58.05% -47.64% -39.75% -34.12% -29.93% -26.70% -24.12% -22.01% -20.26% -18.80%
-59.66% -48.94% -40.84% -35.04% -30.73% -27.39% -24.73% -22.57% -20.77% -19.27%
-61.24% -50.22% -41.91% -35.95% -31.50% -28.07% -25.33% -23.11% -21.27% -19.74%
-62.79% -51.47% -42.96% -36.83% -32.26% -28.72% -25.92% -23.64% -21.77% -20.20%
-64.30% -52.70% -43.98% -37.69% -32.99% -29.37% -26.49% -24.17% -22.25% -20.66%
-65.79% -53.90% -44.97% -38.52% -33.71% -30.00% -27.06% -24.68% -22.73% -21.11%
-67.24% -55.08% -45.94% -39.34% -34.41% -30.61% -27.61% -25.19% -23.20% -21.56%
-68.65% -56.23% -46.89% -40.13% -35.08% -31.21% -28.15% -25.68% -23.67% -22.00%
-70.03% -57.34% -47.80% -40.89% -35.74% -31.79% -28.68% -26.17% -24.13% -22.44%
-71.38% -58.42% -48.69% -41.64% -36.39% -32.36% -29.20% -26.66% -24.59% -22.88%
-72.68% -59.47% -49.55% -42.35% -37.01% -32.92% -29.71% -27.14% -25.04% -23.32%
-73.95% -60.48% -50.37% -43.05% -37.62% -33.47% -30.22% -27.61% -25.50% -23.75%
-75.17% -61.45% -51.17% -43.73% -38.22% -34.01% -30.72% -28.09% -25.95% -24.19%
-76.35% -62.38% -51.93% -44.38% -38.80% -34.54% -31.21% -28.55% -26.40% -24.63%
-77.47% -63.27% -52.66% -45.02% -39.37% -35.06% -31.70% -29.02% -26.85% -25.06%
-78.54% -64.11% -53.37% -45.63% -39.92% -35.58% -32.19% -29.49% -27.30% -25.50%
-79.54% -64.91% -54.05% -46.24% -40.48% -36.10% -32.68% -29.95% -27.75% -25.94%
-80.47% -65.66% -54.70% -46.83% -41.02% -36.61% -33.16% -30.42% -28.20% -26.38%
-81.31% -66.37% -55.34% -47.41% -41.56% -37.12% -33.65% -30.89% -28.66% -26.82%

Volatility (at-the-money)
5 YearsMaturity Risk-Free Rate 5%

0.05%
0.15%
0.25%
0.35%
0.45%
0.55%
0.65%
0.75%
0.85%
0.95%
1.05%
1.15%
1.25%
1.35%
1.45%
1.55%
1.65%
1.75%
1.85%
1.95%
2.05%
2.15%
2.25%
2.35%
2.45%
2.55%
2.65%
2.75%
2.85%
2.95%
3.05%
3.15%
3.25%
3.35%
3.45%
3.55%
3.65%
3.75%
3.85%
3.95%
4.05%
4.15%
4.25%
4.35%
4.45%
4.55%
4.65%
4.75%

Dividend 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00% 45.00% 50.00%

TABLE 10.10 Dividend Impact—At-the-Money Options

Note: Maturity is 5 years and risk-free rate is 5 percent.
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-0.37% -0.36% -0.34% -0.33% -0.32% -0.31% -0.31% -0.30% -0.29% -0.29%
-1.12% -1.07% -1.03% -0.99% -0.96% -0.93% -0.90% -0.88% -0.85% -0.83%
-1.86% -1.78% -1.71% -1.64% -1.58% -1.53% -1.48% -1.43% -1.38% -1.35%
-2.59% -2.47% -2.37% -2.28% -2.19% -2.11% -2.03% -1.96% -1.89% -1.84%
-3.31% -3.16% -3.02% -2.89% -2.78% -2.67% -2.57% -2.47% -2.38% -2.31%
-4.02% -3.83% -3.66% -3.50% -3.35% -3.22% -3.09% -2.97% -2.86% -2.77%
-4.72% -4.49% -4.28% -4.09% -3.91% -3.75% -3.59% -3.45% -3.31% -3.21%
-5.41% -5.14% -4.89% -4.66% -4.45% -4.26% -4.08% -3.91% -3.76% -3.64%
-6.09% -5.77% -5.48% -5.22% -4.98% -4.76% -4.56% -4.37% -4.19% -4.07%
-6.75% -6.39% -6.07% -5.77% -5.50% -5.25% -5.02% -4.81% -4.62% -4.48%
-7.40% -7.00% -6.63% -6.30% -6.00% -5.73% -5.48% -5.25% -5.04% -4.89%
-8.04% -7.59% -7.19% -6.83% -6.50% -6.19% -5.92% -5.67% -5.45% -5.29%
-8.66% -8.17% -7.73% -7.34% -6.98% -6.65% -6.36% -6.09% -5.85% -5.68%
-9.27% -8.74% -8.26% -7.84% -7.45% -7.10% -6.78% -6.50% -6.25% -6.07%
-9.87% -9.30% -8.78% -8.32% -7.91% -7.54% -7.21% -6.91% -6.65% -6.46%

-10.46% -9.84% -9.29% -8.80% -8.36% -7.97% -7.62% -7.31% -7.04% -6.84%
-11.03% -10.37% -9.79% -9.27% -8.81% -8.40% -8.03% -7.71% -7.42% -7.22%
-11.59% -10.90% -10.28% -9.73% -9.25% -8.82% -8.44% -8.10% -7.80% -7.59%
-12.14% -11.41% -10.76% -10.19% -9.68% -9.23% -8.84% -8.49% -8.19% -7.97%
-12.68% -11.91% -11.23% -10.63% -10.11% -9.64% -9.23% -8.88% -8.56% -8.34%
-13.21% -12.40% -11.69% -11.07% -10.53% -10.05% -9.63% -9.26% -8.94% -8.72%
-13.72% -12.88% -12.15% -11.50% -10.94% -10.45% -10.02% -9.64% -9.32% -9.09%
-14.23% -13.36% -12.60% -11.93% -11.35% -10.85% -10.41% -10.02% -9.69% -9.46%
-14.73% -13.82% -13.04% -12.36% -11.76% -11.24% -10.79% -10.40% -10.06% -9.83%
-15.22% -14.28% -13.48% -12.77% -12.17% -11.64% -11.18% -10.78% -10.44% -10.19%
-15.70% -14.74% -13.91% -13.19% -12.57% -12.03% -11.56% -11.16% -10.81% -10.56%
-16.17% -15.19% -14.33% -13.60% -12.97% -12.42% -11.94% -11.53% -11.18% -10.93%
-16.64% -15.63% -14.76% -14.01% -13.36% -12.80% -12.32% -11.91% -11.55% -11.30%
-17.10% -16.06% -15.18% -14.41% -13.76% -13.19% -12.70% -12.28% -11.92% -11.67%
-17.55% -16.50% -15.59% -14.82% -14.15% -13.58% -13.08% -12.66% -12.29% -12.03%
-18.00% -16.92% -16.00% -15.22% -14.54% -13.96% -13.46% -13.03% -12.66% -12.40%
-18.45% -17.35% -16.41% -15.62% -14.93% -14.35% -13.84% -13.41% -13.03% -12.77%
-18.88% -17.77% -16.82% -16.02% -15.32% -14.73% -14.22% -13.78% -13.40% -13.14%
-19.32% -18.19% -17.23% -16.41% -15.71% -15.12% -14.60% -14.16% -13.78% -13.51%
-19.75% -18.61% -17.64% -16.81% -16.10% -15.50% -14.98% -14.54% -14.15% -13.88%
-20.18% -19.02% -18.04% -17.21% -16.50% -15.89% -15.36% -14.91% -14.52% -14.25%
-20.61% -19.44% -18.45% -17.60% -16.89% -16.27% -15.74% -15.29% -14.89% -14.62%
-21.03% -19.85% -18.85% -18.00% -17.28% -16.66% -16.13% -15.67% -15.27% -14.99%
-21.46% -20.26% -19.25% -18.40% -17.67% -17.05% -16.51% -16.05% -15.64% -15.36%
-21.88% -20.68% -19.66% -18.80% -18.06% -17.43% -16.89% -16.42% -16.02% -15.73%
-22.30% -21.09% -20.07% -19.20% -18.46% -17.82% -17.28% -16.80% -16.39% -16.10%
-22.73% -21.50% -20.47% -19.60% -18.85% -18.21% -17.66% -17.19% -16.77% -16.47%
-23.15% -21.92% -20.88% -20.00% -19.25% -18.60% -18.05% -17.57% -17.15% -16.85%
-23.58% -22.34% -21.29% -20.40% -19.65% -19.00% -18.44% -17.95% -17.53% -17.22%
-24.00% -22.75% -21.70% -20.81% -20.05% -19.39% -18.83% -18.34% -17.91% -17.60%
-24.43% -23.18% -22.11% -21.22% -20.45% -19.79% -19.22% -18.72% -18.29% -17.97%
-24.86% -23.60% -22.53% -21.62% -20.85% -20.19% -19.61% -19.11% -18.67% -18.35%
-25.30% -24.02% -22.95% -22.04% -21.26% -20.58% -20.00% -19.50% -19.05% -18.73%

0.05%
0.15%
0.25%
0.35%
0.45%
0.55%
0.65%
0.75%
0.85%
0.95%
1.05%
1.15%
1.25%
1.35%
1.45%
1.55%
1.65%
1.75%
1.85%
1.95%
2.05%
2.15%
2.25%
2.35%
2.45%
2.55%
2.65%
2.75%
2.85%
2.95%
3.05%
3.15%
3.25%
3.35%
3.45%
3.55%
3.65%
3.75%
3.85%
3.95%
4.05%
4.15%
4.25%
4.35%
4.45%
4.55%
4.65%
4.75%

Dividend 55.00% 60.00% 65.00% 70.00% 75.00% 80.00% 85.00% 90.00% 95.00% 99.00%

TABLE 10.10 Continued
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Volatility (20% out-of-the-money)

-2.61% -1.45% -1.03% -0.81% -0.68% -0.59% -0.53% -0.48% -0.45% -0.42%
-7.71% -4.30% -3.06% -2.42% -2.03% -1.77% -1.58% -1.44% -1.33% -1.24%

-12.63% -7.09% -5.06% -4.00% -3.36% -2.93% -2.62% -2.39% -2.21% -2.07%
-17.38% -9.83% -7.03% -5.57% -4.68% -4.08% -3.65% -3.33% -3.08% -2.88%
-21.96% -12.51% -8.97% -7.12% -5.99% -5.22% -4.68% -4.27% -3.95% -3.69%
-26.37% -15.14% -10.88% -8.65% -7.28% -6.35% -5.69% -5.19% -4.80% -4.49%
-30.61% -17.71% -12.76% -10.16% -8.56% -7.47% -6.70% -6.11% -5.65% -5.28%
-34.68% -20.23% -14.62% -11.65% -9.82% -8.58% -7.69% -7.02% -6.49% -6.06%
-38.59% -22.69% -16.44% -13.12% -11.07% -9.68% -8.68% -7.92% -7.32% -6.83%
-42.33% -25.09% -18.24% -14.58% -12.31% -10.77% -9.66% -8.81% -8.14% -7.59%
-45.90% -27.45% -20.01% -16.01% -13.54% -11.85% -10.62% -9.69% -8.95% -8.34%
-49.32% -29.75% -21.75% -17.43% -14.75% -12.91% -11.58% -10.56% -9.75% -9.07%
-52.58% -32.00% -23.46% -18.83% -15.94% -13.97% -12.53% -11.42% -10.53% -9.80%
-55.69% -34.19% -25.14% -20.21% -17.13% -15.01% -13.46% -12.27% -11.31% -10.51%
-58.64% -36.33% -26.80% -21.58% -18.30% -16.04% -14.39% -13.10% -12.07% -11.21%
-61.45% -38.43% -28.43% -22.92% -19.45% -17.06% -15.30% -13.93% -12.82% -11.90%
-64.11% -40.47% -30.03% -24.25% -20.60% -18.07% -16.20% -14.74% -13.56% -12.58%
-66.63% -42.46% -31.61% -25.56% -21.73% -19.06% -17.08% -15.54% -14.29% -13.24%
-69.02% -44.40% -33.15% -26.86% -22.84% -20.04% -17.96% -16.33% -15.00% -13.89%
-71.27% -46.29% -34.68% -28.13% -23.94% -21.01% -18.82% -17.10% -15.70% -14.53%
-73.40% -48.14% -36.17% -29.39% -25.02% -21.96% -19.67% -17.86% -16.39% -15.16%
-75.40% -49.94% -37.64% -30.63% -26.09% -22.90% -20.50% -18.61% -17.07% -15.78%
-77.28% -51.69% -39.09% -31.85% -27.15% -23.83% -21.32% -19.35% -17.74% -16.39%
-79.05% -53.39% -40.51% -33.05% -28.19% -24.74% -22.13% -20.07% -18.39% -16.98%
-80.70% -55.05% -41.90% -34.23% -29.21% -25.63% -22.92% -20.78% -19.03% -17.57%
-82.25% -56.66% -43.27% -35.40% -30.22% -26.51% -23.70% -21.47% -19.66% -18.14%
-83.70% -58.23% -44.61% -36.54% -31.21% -27.38% -24.46% -22.16% -20.27% -18.71%
-85.06% -59.75% -45.92% -37.67% -32.18% -28.22% -25.21% -22.83% -20.88% -19.26%
-86.32% -61.23% -47.22% -38.77% -33.13% -29.06% -25.95% -23.48% -21.48% -19.81%
-87.49% -62.67% -48.48% -39.86% -34.07% -29.87% -26.67% -24.13% -22.06% -20.35%
-88.58% -64.07% -49.72% -40.93% -34.99% -30.68% -27.38% -24.76% -22.64% -20.88%
-89.58% -65.43% -50.93% -41.97% -35.89% -31.46% -28.07% -25.38% -23.20% -21.40%
-90.52% -66.74% -52.12% -43.00% -36.77% -32.23% -28.75% -25.99% -23.76% -21.92%
-91.38% -68.02% -53.28% -44.00% -37.64% -32.98% -29.42% -26.59% -24.31% -22.42%
-92.18% -69.25% -54.42% -44.98% -38.48% -33.72% -30.07% -27.18% -24.85% -22.93%
-92.91% -70.45% -55.53% -45.94% -39.31% -34.44% -30.71% -27.76% -25.38% -23.43%
-93.59% -71.61% -56.61% -46.88% -40.12% -35.15% -31.34% -28.33% -25.91% -23.92%
-94.20% -72.73% -57.66% -47.79% -40.91% -35.84% -31.96% -28.89% -26.43% -24.41%
-94.77% -73.81% -58.69% -48.68% -41.68% -36.51% -32.56% -29.45% -26.94% -24.89%
-95.29% -74.86% -59.69% -49.55% -42.43% -37.18% -33.16% -29.99% -27.45% -25.37%
-95.77% -75.87% -60.65% -50.39% -43.16% -37.83% -33.75% -30.53% -27.96% -25.85%
-96.20% -76.84% -61.59% -51.22% -43.88% -38.47% -34.32% -31.07% -28.46% -26.33%
-96.59% -77.77% -62.50% -52.02% -44.58% -39.09% -34.90% -31.60% -28.96% -26.80%
-96.95% -78.67% -63.38% -52.79% -45.27% -39.71% -35.46% -32.12% -29.45% -27.28%
-97.27% -79.52% -64.23% -53.55% -45.94% -40.32% -36.02% -32.65% -29.95% -27.75%
-97.57% -80.34% -65.05% -54.29% -46.60% -40.92% -36.57% -33.17% -30.44% -28.23%
-97.83% -81.12% -65.85% -55.01% -47.25% -41.51% -37.12% -33.68% -30.93% -28.70%
-98.07% -81.87% -66.61% -55.71% -47.89% -42.09% -37.67% -34.20% -31.43% -29.18%

5 YearsMaturity Risk-Free Rate 5%

0.05%
0.15%
0.25%
0.35%
0.45%
0.55%
0.65%
0.75%
0.85%
0.95%
1.05%
1.15%
1.25%
1.35%
1.45%
1.55%
1.65%
1.75%
1.85%
1.95%
2.05%
2.15%
2.25%
2.35%
2.45%
2.55%
2.65%
2.75%
2.85%
2.95%
3.05%
3.15%
3.25%
3.35%
3.45%
3.55%
3.65%
3.75%
3.85%
3.95%
4.05%
4.15%
4.25%
4.35%
4.45%
4.55%
4.65%
4.75%
4 85%

Dividend 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00% 45.00% 50.00%

TABLE 10.11 Dividend Impact—20 Percent Out-of-the-Money Options

Note: Maturity is 5 years and risk-free rate is 5 percent.
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-0.39% -0.37% -0.36% -0.34% -0.33% -0.32% -0.31% -0.30% -0.30% -0.29%
-1.17% -1.12% -1.07% -1.03% -0.99% -0.96% -0.93% -0.90% -0.87% -0.85%
-1.95% -1.85% -1.77% -1.70% -1.63% -1.57% -1.52% -1.47% -1.42% -1.38%
-2.72% -2.58% -2.46% -2.36% -2.26% -2.18% -2.10% -2.02% -1.95% -1.89%
-3.48% -3.30% -3.14% -3.00% -2.88% -2.76% -2.66% -2.55% -2.46% -2.39%
-4.23% -4.00% -3.81% -3.64% -3.48% -3.33% -3.20% -3.07% -2.95% -2.86%
-4.97% -4.70% -4.47% -4.26% -4.07% -3.89% -3.73% -3.57% -3.43% -3.33%
-5.70% -5.38% -5.11% -4.86% -4.64% -4.43% -4.24% -4.06% -3.90% -3.78%
-6.41% -6.06% -5.74% -5.46% -5.20% -4.96% -4.74% -4.54% -4.36% -4.22%
-7.12% -6.72% -6.36% -6.04% -5.74% -5.48% -5.23% -5.01% -4.81% -4.66%
-7.82% -7.36% -6.96% -6.60% -6.28% -5.98% -5.71% -5.47% -5.25% -5.08%
-8.50% -8.00% -7.56% -7.16% -6.80% -6.48% -6.19% -5.92% -5.68% -5.50%
-9.17% -8.62% -8.14% -7.71% -7.32% -6.97% -6.65% -6.36% -6.10% -5.91%
-9.83% -9.23% -8.71% -8.24% -7.82% -7.44% -7.10% -6.80% -6.52% -6.32%

-10.47% -9.83% -9.27% -8.76% -8.31% -7.91% -7.55% -7.23% -6.94% -6.73%
-11.11% -10.42% -9.82% -9.28% -8.80% -8.37% -7.99% -7.65% -7.35% -7.13%
-11.73% -11.00% -10.36% -9.78% -9.28% -8.83% -8.42% -8.07% -7.75% -7.53%
-12.34% -11.57% -10.88% -10.28% -9.75% -9.27% -8.85% -8.48% -8.16% -7.92%
-12.94% -12.12% -11.40% -10.77% -10.21% -9.72% -9.28% -8.89% -8.56% -8.31%
-13.53% -12.67% -11.91% -11.25% -10.67% -10.15% -9.70% -9.30% -8.95% -8.70%
-14.11% -13.21% -12.42% -11.72% -11.12% -10.58% -10.12% -9.71% -9.35% -9.09%
-14.68% -13.73% -12.91% -12.19% -11.56% -11.01% -10.53% -10.11% -9.74% -9.48%
-15.24% -14.25% -13.40% -12.65% -12.00% -11.44% -10.94% -10.51% -10.13% -9.87%
-15.79% -14.76% -13.88% -13.11% -12.44% -11.86% -11.35% -10.91% -10.52% -10.25%
-16.33% -15.27% -14.35% -13.56% -12.87% -12.27% -11.76% -11.30% -10.91% -10.64%
-16.86% -15.76% -14.82% -14.01% -13.30% -12.69% -12.16% -11.70% -11.30% -11.02%
-17.38% -16.25% -15.28% -14.45% -13.73% -13.10% -12.56% -12.09% -11.69% -11.40%
-17.90% -16.74% -15.74% -14.89% -14.15% -13.51% -12.96% -12.49% -12.07% -11.78%
-18.41% -17.21% -16.20% -15.32% -14.57% -13.92% -13.36% -12.88% -12.46% -12.17%
-18.91% -17.69% -16.65% -15.75% -14.99% -14.33% -13.76% -13.27% -12.85% -12.55%
-19.40% -18.15% -17.09% -16.18% -15.41% -14.74% -14.16% -13.66% -13.23% -12.93%
-19.89% -18.62% -17.54% -16.61% -15.82% -15.14% -14.56% -14.05% -13.62% -13.31%
-20.38% -19.08% -17.98% -17.04% -16.24% -15.55% -14.96% -14.45% -14.01% -13.69%
-20.85% -19.53% -18.41% -17.46% -16.65% -15.95% -15.35% -14.84% -14.39% -14.08%
-21.33% -19.99% -18.85% -17.89% -17.06% -16.36% -15.75% -15.23% -14.78% -14.46%
-21.80% -20.44% -19.28% -18.31% -17.47% -16.76% -16.15% -15.62% -15.16% -14.84%
-22.27% -20.88% -19.72% -18.73% -17.89% -17.17% -16.55% -16.01% -15.55% -15.23%
-22.73% -21.33% -20.15% -19.15% -18.30% -17.57% -16.94% -16.41% -15.94% -15.61%
-23.19% -21.78% -20.58% -19.57% -18.71% -17.97% -17.34% -16.80% -16.33% -15.99%
-23.65% -22.22% -21.01% -19.99% -19.12% -18.38% -17.74% -17.19% -16.72% -16.38%
-24.11% -22.66% -21.44% -20.41% -19.54% -18.79% -18.14% -17.59% -17.10% -16.76%
-24.57% -23.11% -21.88% -20.83% -19.95% -19.19% -18.54% -17.98% -17.49% -17.15%
-25.03% -23.55% -22.31% -21.26% -20.36% -19.60% -18.95% -18.38% -17.89% -17.53%
-25.49% -23.99% -22.74% -21.68% -20.78% -20.01% -19.35% -18.78% -18.28% -17.92%
-25.94% -24.44% -23.17% -22.11% -21.20% -20.42% -19.75% -19.17% -18.67% -18.31%
-26.40% -24.88% -23.61% -22.53% -21.62% -20.83% -20.16% -19.57% -19.06% -18.70%
-26.86% -25.33% -24.04% -22.96% -22.04% -21.24% -20.56% -19.97% -19.45% -19.09%
-27.32% -25.78% -24.48% -23.39% -22.46% -21.66% -20.97% -20.37% -19.85% -19.48%

0.05%
0.15%
0.25%
0.35%
0.45%
0.55%
0.65%
0.75%
0.85%
0.95%
1.05%
1.15%
1.25%
1.35%
1.45%
1.55%
1.65%
1.75%
1.85%
1.95%
2.05%
2.15%
2.25%
2.35%
2.45%
2.55%
2.65%
2.75%
2.85%
2.95%
3.05%
3.15%
3.25%
3.35%
3.45%
3.55%
3.65%
3.75%
3.85%
3.95%
4.05%
4.15%
4.25%
4.35%
4.45%
4.55%
4.65%
4.75%
4 85%

Dividend 55.00% 60.00% 65.00% 70.00% 75.00% 80.00% 85.00% 90.00% 95.00% 99.00%

TABLE 10.11 Continued
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Volatility (20% in-the-money)

-0.71% -0.69% -0.64% -0.58% -0.52% -0.48% -0.45% -0.42% -0.40% -0.38%
-2.13% -2.07% -1.90% -1.72% -1.57% -1.44% -1.34% -1.25% -1.19% -1.13%
-3.54% -3.44% -3.16% -2.86% -2.60% -2.39% -2.22% -2.08% -1.97% -1.87%
-4.94% -4.81% -4.41% -3.99% -3.63% -3.34% -3.10% -2.91% -2.75% -2.61%
-6.34% -6.16% -5.65% -5.11% -4.65% -4.27% -3.97% -3.72% -3.52% -3.34%
-7.73% -7.51% -6.88% -6.22% -5.66% -5.21% -4.84% -4.53% -4.28% -4.06%
-9.11% -8.84% -8.10% -7.32% -6.66% -6.13% -5.69% -5.33% -5.03% -4.77%

-10.48% -10.17% -9.31% -8.42% -7.66% -7.05% -6.54% -6.13% -5.77% -5.46%
-11.85% -11.49% -10.51% -9.50% -8.65% -7.95% -7.38% -6.91% -6.50% -6.15%
-13.21% -12.80% -11.70% -10.58% -9.63% -8.85% -8.22% -7.68% -7.22% -6.82%
-14.57% -14.10% -12.89% -11.65% -10.60% -9.74% -9.04% -8.44% -7.93% -7.47%
-15.92% -15.40% -14.06% -12.71% -11.56% -10.63% -9.85% -9.19% -8.62% -8.12%
-17.26% -16.68% -15.23% -13.76% -12.52% -11.50% -10.65% -9.92% -9.30% -8.74%
-18.59% -17.96% -16.38% -14.80% -13.46% -12.36% -11.43% -10.65% -9.96% -9.36%
-19.92% -19.22% -17.53% -15.83% -14.40% -13.21% -12.21% -11.36% -10.61% -9.96%
-21.24% -20.48% -18.67% -16.85% -15.32% -14.04% -12.97% -12.05% -11.25% -10.55%
-22.56% -21.73% -19.79% -17.87% -16.23% -14.86% -13.72% -12.73% -11.87% -11.12%
-23.86% -22.97% -20.91% -18.87% -17.13% -15.67% -14.45% -13.40% -12.48% -11.68%
-25.16% -24.20% -22.02% -19.86% -18.01% -16.47% -15.16% -14.05% -13.08% -12.23%
-26.46% -25.42% -23.11% -20.83% -18.88% -17.25% -15.87% -14.68% -13.66% -12.76%
-27.74% -26.63% -24.20% -21.79% -19.74% -18.01% -16.55% -15.30% -14.22% -13.28%
-29.03% -27.83% -25.27% -22.74% -20.58% -18.76% -17.22% -15.91% -14.78% -13.79%
-30.30% -29.02% -26.33% -23.67% -21.40% -19.49% -17.88% -16.50% -15.32% -14.29%
-31.57% -30.20% -27.37% -24.59% -22.21% -20.21% -18.52% -17.08% -15.85% -14.78%
-32.83% -31.37% -28.40% -25.49% -23.00% -20.90% -19.14% -17.64% -16.36% -15.25%
-34.08% -32.53% -29.41% -26.37% -23.77% -21.58% -19.75% -18.19% -16.86% -15.72%
-35.33% -33.68% -30.41% -27.23% -24.52% -22.24% -20.34% -18.73% -17.35% -16.18%
-36.57% -34.81% -31.39% -28.07% -25.25% -22.89% -20.91% -19.25% -17.84% -16.63%
-37.80% -35.92% -32.34% -28.89% -25.96% -23.52% -21.47% -19.76% -18.31% -17.07%
-39.03% -37.02% -33.28% -29.69% -26.65% -24.12% -22.02% -20.26% -18.77% -17.51%
-40.24% -38.09% -34.19% -30.47% -27.32% -24.71% -22.55% -20.74% -19.22% -17.93%
-41.45% -39.15% -35.07% -31.22% -27.97% -25.29% -23.07% -21.22% -19.67% -18.36%
-42.65% -40.17% -35.93% -31.94% -28.60% -25.85% -23.57% -21.69% -20.11% -18.77%
-43.83% -41.17% -36.75% -32.64% -29.21% -26.39% -24.07% -22.14% -20.54% -19.19%
-44.99% -42.14% -37.55% -33.32% -29.79% -26.91% -24.55% -22.59% -20.96% -19.59%
-46.12% -43.07% -38.32% -33.97% -30.36% -27.42% -25.02% -23.03% -21.38% -20.00%
-47.22% -43.96% -39.05% -34.59% -30.91% -27.92% -25.48% -23.47% -21.80% -20.40%
-48.27% -44.81% -39.74% -35.19% -31.44% -28.41% -25.93% -23.90% -22.21% -20.81%
-49.26% -45.60% -40.41% -35.76% -31.96% -28.88% -26.38% -24.33% -22.63% -21.21%
-50.18% -46.35% -41.03% -36.31% -32.45% -29.34% -26.82% -24.75% -23.03% -21.61%
-51.00% -47.04% -41.62% -36.83% -32.94% -29.80% -27.25% -25.17% -23.44% -22.01%
-51.70% -47.66% -42.17% -37.34% -33.41% -30.25% -27.68% -25.58% -23.85% -22.41%
-52.25% -48.23% -42.70% -37.83% -33.87% -30.69% -28.11% -26.00% -24.26% -22.81%
-52.63% -48.73% -43.19% -38.30% -34.33% -31.13% -28.54% -26.42% -24.67% -23.21%
-52.80% -49.18% -43.65% -38.76% -34.77% -31.56% -28.96% -26.84% -25.08% -23.62%
-52.75% -49.57% -44.10% -39.21% -35.22% -32.00% -29.39% -27.26% -25.50% -24.03%
-52.52% -49.92% -44.53% -39.66% -35.67% -32.44% -29.82% -27.68% -25.91% -24.44%
-52.52% -50.25% -44.96% -40.11% -36.11% -32.88% -30.26% -28.11% -26.34% -24.86%

5 YearsMaturity Risk-Free Rate 5%

0.05%
0.15%
0.25%
0.35%
0.45%
0.55%
0.65%
0.75%
0.85%
0.95%
1.05%
1.15%
1.25%
1.35%
1.45%
1.55%
1.65%
1.75%
1.85%
1.95%
2.05%
2.15%
2.25%
2.35%
2.45%
2.55%
2.65%
2.75%
2.85%
2.95%
3.05%
3.15%
3.25%
3.35%
3.45%
3.55%
3.65%
3.75%
3.85%
3.95%
4.05%
4.15%
4.25%
4.35%
4.45%
4.55%
4.65%
4.75%

Dividend 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00% 45.00% 50.00%

TABLE 10.12 Dividend Impact—20 Percent In-the-Money Options

Note: Maturity is 5 years and risk-free rate is 5 percent.
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-0.36% -0.35% -0.34% -0.33% -0.32% -0.31% -0.30% -0.29% -0.29% -0.28%
-1.08% -1.04% -1.00% -0.97% -0.94% -0.91% -0.88% -0.86% -0.84% -0.82%
-1.79% -1.72% -1.65% -1.60% -1.54% -1.49% -1.44% -1.40% -1.35% -1.32%
-2.49% -2.39% -2.30% -2.21% -2.13% -2.05% -1.98% -1.91% -1.85% -1.80%
-3.18% -3.05% -2.92% -2.81% -2.70% -2.60% -2.50% -2.41% -2.32% -2.25%
-3.87% -3.69% -3.53% -3.39% -3.25% -3.12% -3.00% -2.88% -2.77% -2.69%
-4.53% -4.32% -4.13% -3.95% -3.78% -3.63% -3.48% -3.34% -3.21% -3.12%
-5.19% -4.94% -4.71% -4.50% -4.30% -4.12% -3.95% -3.79% -3.64% -3.53%
-5.83% -5.54% -5.28% -5.03% -4.81% -4.60% -4.40% -4.22% -4.06% -3.94%
-6.45% -6.13% -5.83% -5.55% -5.30% -5.06% -4.85% -4.65% -4.47% -4.33%
-7.07% -6.70% -6.36% -6.06% -5.77% -5.52% -5.28% -5.06% -4.87% -4.72%
-7.67% -7.26% -6.89% -6.55% -6.24% -5.96% -5.70% -5.47% -5.26% -5.11%
-8.25% -7.80% -7.40% -7.03% -6.69% -6.39% -6.12% -5.87% -5.65% -5.49%
-8.82% -8.34% -7.90% -7.50% -7.14% -6.81% -6.52% -6.26% -6.03% -5.86%
-9.38% -8.85% -8.38% -7.96% -7.57% -7.23% -6.92% -6.65% -6.40% -6.23%
-9.92% -9.36% -8.86% -8.41% -8.00% -7.64% -7.32% -7.03% -6.78% -6.60%

-10.45% -9.86% -9.32% -8.85% -8.42% -8.04% -7.71% -7.41% -7.15% -6.96%
-10.97% -10.34% -9.78% -9.28% -8.83% -8.44% -8.09% -7.78% -7.52% -7.32%
-11.48% -10.81% -10.22% -9.70% -9.24% -8.83% -8.47% -8.16% -7.88% -7.69%
-11.97% -11.28% -10.66% -10.12% -9.64% -9.22% -8.85% -8.53% -8.24% -8.05%
-12.46% -11.73% -11.09% -10.53% -10.04% -9.60% -9.22% -8.89% -8.61% -8.40%
-12.93% -12.18% -11.51% -10.93% -10.43% -9.98% -9.60% -9.26% -8.97% -8.76%
-13.40% -12.61% -11.93% -11.33% -10.81% -10.36% -9.97% -9.62% -9.33% -9.12%
-13.85% -13.04% -12.34% -11.73% -11.20% -10.74% -10.33% -9.99% -9.69% -9.47%
-14.30% -13.47% -12.75% -12.12% -11.58% -11.11% -10.70% -10.35% -10.04% -9.83%
-14.74% -13.89% -13.15% -12.51% -11.96% -11.48% -11.07% -10.71% -10.40% -10.19%
-15.17% -14.30% -13.54% -12.90% -12.33% -11.85% -11.43% -11.07% -10.76% -10.54%
-15.59% -14.70% -13.94% -13.28% -12.71% -12.22% -11.80% -11.43% -11.12% -10.90%
-16.01% -15.11% -14.33% -13.66% -13.08% -12.59% -12.16% -11.79% -11.47% -11.25%
-16.43% -15.51% -14.72% -14.04% -13.46% -12.95% -12.52% -12.15% -11.83% -11.61%
-16.84% -15.90% -15.10% -14.42% -13.83% -13.32% -12.89% -12.51% -12.19% -11.96%
-17.24% -16.29% -15.48% -14.79% -14.20% -13.69% -13.25% -12.88% -12.55% -12.32%
-17.64% -16.68% -15.87% -15.17% -14.57% -14.06% -13.62% -13.24% -12.91% -12.68%
-18.04% -17.07% -16.25% -15.54% -14.94% -14.43% -13.98% -13.60% -13.27% -13.03%
-18.44% -17.46% -16.63% -15.92% -15.31% -14.79% -14.35% -13.96% -13.63% -13.39%
-18.83% -17.85% -17.01% -16.30% -15.69% -15.16% -14.71% -14.33% -13.99% -13.75%
-19.23% -18.23% -17.39% -16.67% -16.06% -15.53% -15.08% -14.69% -14.35% -14.11%
-19.62% -18.62% -17.77% -17.05% -16.43% -15.90% -15.45% -15.06% -14.71% -14.47%
-20.01% -19.01% -18.15% -17.43% -16.81% -16.28% -15.82% -15.42% -15.08% -14.83%
-20.41% -19.40% -18.54% -17.81% -17.18% -16.65% -16.19% -15.79% -15.44% -15.19%
-20.80% -19.78% -18.92% -18.19% -17.56% -17.02% -16.56% -16.16% -15.80% -15.55%
-21.20% -20.17% -19.31% -18.57% -17.94% -17.40% -16.93% -16.53% -16.17% -15.92%
-21.59% -20.57% -19.70% -18.96% -18.32% -17.78% -17.31% -16.90% -16.54% -16.28%
-21.99% -20.96% -20.09% -19.34% -18.71% -18.16% -17.68% -17.27% -16.90% -16.64%
-22.39% -21.36% -20.48% -19.73% -19.09% -18.54% -18.06% -17.64% -17.27% -17.01%
-22.80% -21.76% -20.88% -20.12% -19.48% -18.92% -18.44% -18.02% -17.64% -17.37%
-23.20% -22.16% -21.27% -20.52% -19.87% -19.31% -18.82% -18.39% -18.01% -17.74%
-23.61% -22.57% -21.67% -20.91% -20.26% -19.69% -19.20% -18.77% -18.38% -18.11%

0.05%
0.15%
0.25%
0.35%
0.45%
0.55%
0.65%
0.75%
0.85%
0.95%
1.05%
1.15%
1.25%
1.35%
1.45%
1.55%
1.65%
1.75%
1.85%
1.95%
2.05%
2.15%
2.25%
2.35%
2.45%
2.55%
2.65%
2.75%
2.85%
2.95%
3.05%
3.15%
3.25%
3.35%
3.45%
3.55%
3.65%
3.75%
3.85%
3.95%
4.05%
4.15%
4.25%
4.35%
4.45%
4.55%
4.65%
4.75%

Dividend 55.00% 60.00% 65.00% 70.00% 75.00% 80.00% 85.00% 90.00% 95.00% 99.00%

TABLE 10.12 Continued
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Case Studies

MORE, FASTER, CHEAPER—THE SIREN 
CALL OF UPSTREAM R&D

The following is contributed by Jaswant Singh Sihra, Senior Strategic Plan-
ning Advisor, Halliburton Company, Houston, Texas. Founded in 1919,
Halliburton is a public company traded on the New York Stock Exchange,
and is one of the world’s largest providers of products and services to the pe-
troleum and energy industries. The company serves its customers with a
broad range of products and services through its Energy Services Group,
and Engineering and Construction Group business segments. Halliburton
has operations in 120 countries, has 82,000 employees worldwide, and
recorded 2001 sales of US$13 billion.

There has arguably never been a time when the energy industry has faced a
future of such tremendous potential coupled with such significant uncer-
tainty as it does today. Value chain shifts have blurred the lines of demarca-
tion between what has traditionally been known as the “upstream” side
and the “downstream” side. The increasingly interconnected, global nature
of the business; deregulation; the opening and growth of fledgling and es-
tablished economies, respectively; shifting geopolitical landscapes; and cli-
matic changes are just a few of the many events that have combined to
create a long-term environment of growing energy demand coupled with
great uncertainty. To fuel this insatiable appetite for energy, the industry has
focused its attention on the two cheapest sources of energy: oil and gas.

Proven worldwide crude oil reserves are currently estimated at approx-
imately 1 trillion barrels.1 However, worldwide consumption is currently 75
million barrels per day and is expected to surpass 110 million barrels per day
by 2020.2 This uptrend in consumption is occurring while reserve replace-
ment is following a downward trend from an average of 70 billion barrels of
oil reserves added per year in the 1960s to today’s average of approximately



20 billion barrels.3 Additionally, the size of newly discovered reserves de-
creased from 200 million barrels to 50 million barrels during this 30-year
time interval.4

This dichotomy has led to the siren call of the upstream energy business:
more, faster, and cheaper. Never has there been a more pressing need for a
greater abundance of oil and gas reserves that can be found and developed
more cheaply and delivered to an ever-hungry market faster. Unlike the
opening scene depicted in a once popular American television show, gone
are the days where one could seemingly fire a rifle into the ground, pierce a
large shallow lake of crude oil, and then enjoy prolific production for many
years. Most of the new discoveries outside of the Middle East are found in
increasingly remote locations where complex geology is the norm. With this
fact in mind, as the global demand curve continues to head north while the
global supply curve goes south, how will the industry (exclusive of the acts
of OPEC) manage to keep the market’s equilibrium price for oil and gas at
a level where global economic growth is sustainable? The answer quite
clearly is through the application of advanced technology.

It is widely accepted that most of the large-scale gains that the energy 
industry has enjoyed in recent years are attributable to the leaps made in
technology development. Examples include the use of three- and four-
dimensional (time-lapse) seismic technology, so-called intelligent well com-
pletions, and directional drilling. These and many other advances have
greatly accelerated reservoir drainage, increased the probability of drilling
and completing a successful well, and facilitated the redevelopment of 
mature fields allowing the drainage of previously bypassed reserves or re-
serves that simply could not be produced due to technology limitations at
the time the wells were completed. However, this advancement has indeed
been a double-edged sword because the greatly increased depletion rates re-
sulting from better technology has resulted in a treadmill effect where many
energy companies are completing more wells just to keep up production at
current or slightly above current levels. This condition is especially true in
mature provinces such as the lower 48 states and the Gulf of Mexico conti-
nental shelf areas of the United States and the U.K. sector of the North Sea.

To further complicate matters, the industry is answering the relentless
call of the “Capital Gods” of the world’s financial markets. In the age of the
flashy dot-coms and biotechs, the energy industry has found its paltry 
historical returns of single to low double-digits insufficient to attract the cap-
ital necessary for large-scale growth.5 To this end, industry participants—
namely, the integrated energy companies and the service companies that
support their operations—are retrenching and attempting to refocus on
areas of core competencies. Mergers have become the way as economy of
scale is the name of the game. For energy companies it has simply become
more efficient to buy reserves than to find them. Likewise for service com-
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panies it has become more economical to buy technical capabilities than to
develop them. Additionally, efforts are ongoing with both players trying to
wring out any potential inefficiencies that remain from operations.

Nowhere has this capital utilization rationalization process been more
apparent and far-reaching than in the area of technology development. The
resulting actions have created a shift in technology development that is every
bit as dramatic as the great continental rift that broke apart Pangea. Up-
stream R&D investment over the past decade has been following a down-
ward trend. Furthermore, the R&D load borne by service companies has
been increasing annually for the past 30 years. In 1970 service companies ac-
counted for approximately 20 percent of the industry’s R&D spending with
the integrated energy companies accounting for the bulk of the remaining 80
percent.6 This work was primarily pure and so-called blue sky in nature.
Today, greater than 40 percent of the industry’s R&D spend belongs to the
service companies and is application-driven. Currently, there are no indica-
tions that this trend will be arrested. Additionally, an increasing portion of
the remaining 60 percent is being spread over jointly funded projects that in-
volve service companies, universities, and the integrated energy companies.7

In short, energy companies have elected to focus their efforts on managing
their resources so that they may extract the most value from their assets—
namely, reserves. They intend to do this by leveraging what is arguably the
most valuable asset of the service companies—namely, technology.

Faced with the same capital constraints, service companies must adapt
to this rapidly changing and evolving role. Further, this metamorphosis must
be managed strategically within the context of an industry that continues to
see a significant compression in the periods between business cycles and an
increasing amplitude during the cycles. This circumstance means there is an
increasing need for developing more expensive technology with greater as-
sociated risks and shorter expected product life cycles. This new role and the
associated macrofactors previously stated have created problems in risk
management, portfolio management, and technology valuation that simply
cannot be addressed effectively using traditional methods and techniques.
For example, how does one value a new downhole robotic sensor being de-
veloped by two ex-service-company engineers in their garage that has the
potential to totally change the way a North Sea reservoir is produced?
Should a large, integrated service company license the rights to the promis-
ing technology, buy the technology, develop its own or leap-frog it with the
pet project being touted by “Jim’s skunk works group down the hall”? If
purchasing is the preferred option, how much is the technology worth today
given the fact that its targeted market does not exist today? If everyone in the
technology department feels the technology is strategic, yet no matter how
much the numbers are massaged the project’s NPV is extremely negative,
how can management be convinced to proceed with the project? These are
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difficult questions that must be answered amid Wall Street screams for in-
creased capital efficiency.

Real options analysis is quickly becoming a tool through which these
types of questions are framed and subsequently answered. It allows one to
focus on the strategic pathways inherent in any technology development
project instead of the straight-line journey previously used to arrive at a pro-
ject’s NPV, payback, and IRR. Rather than replacing these metrics, real op-
tions analysis coupled with stochastic processes simply adds an increased
level of sophistication and robustness into the decision-making process.

As technology development projects get increasingly more difficult, cap-
ital gets more scarce, and industry fundamentals become more dynamic,
successful integrated service companies must adopt more sophisticated, dis-
ciplined, and quantitative processes for their R&D efforts. These systems
must be robust, provide great flexibility and bring together all stakehold-
ers—marketing, engineering, and strategic planning. Real options analysis is
a very powerful tool that goes a long way toward satisfying these objectives.

Notes
1. BP Amoco data taken from “Exploration Frontiers for New Century

Determined by Technology, Politics,” OGJ, December 1999.
2. International Energy Outlook 2000, U.S. Energy Information Adminis-

tration (EIA), 1999.
3. See note 1.
4. Ibid.
5. Dow Jones Industrial Group Averages, Wall Street Journal, February

2000.
6. “Research & Development—New Technology Solves Problems,” Hart’s

E&P, October 2002.
7. Ibid.

REAL OPTIONS ANALYSIS APPLIED TO VALUING
START-UP ENTITIES: THE DIGITAL NEWS, INC. 

Indran Purushothaman (indran_purushothaman@yahoo.com), the author
of this contribution, is a New York–based corporate finance adviser, spe-
cializing in undertaking financial analysis and valuation assignments across
a range of investments, including start-ups.

The Valuation Challenge
Venture capitalists (VCs) face an unprecedented challenge in evaluating
start-up entities in the current market environment. The existing financial
analytical tools and frameworks available to analysts, unfortunately, have
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not kept up with the breakneck pace of economic change and the high level
of uncertainty. The two key techniques, discounted cash flows (DCF) analy-
sis and relative measures, do not adequately address the complexities arising
from an uncertain business environment, turbulent financial markets, glob-
alization, and emergence of new growth technologies. Nonetheless, financial
analysis remains a critical component of the investment cycle, as both the
VCs and start-up management team of target entities need to agree both on
a value to determine how much capital should be raised and on the equity
ownership structure.

In the post Internet-bubble era, as the markets became more nervous
about investing into tech-based entities and the competition for funds inten-
sified, VCs began to impose more restrictive terms on the management team
and demanded a greater slice of the equity to compensate for their risk cap-
ital. This case study discusses the application of the real options analysis ap-
proach to value an Internet start-up that successfully raised $3 million in late
2002 in the midst of one of our toughest capital-raising markets.1

Real Options Analysis

Real options are an extension of financial options theory, but applied to sit-
uations involving real assets like mining projects, real estates, patents, R&D
projects, and investment projects. A company that has a real option has es-
sentially acquired the right but not an obligation to make a value-accretive
decision. This right comes at a cost and typically the management team
would have a limited window of opportunity within which to exercise the
right. Underpinning the real options approach is a learning model assump-
tion, where the option holder (management team) will make better and more
informed strategic decisions, as some of the levels of uncertainty are re-
solved with the passage of time. For example, a VC may create for itself
strategic value through setting up contractual agreements with a barrier op-
tion, where, for the promise of an initial funding, it has the right of first re-
fusal, but not the obligation, to invest in a later round of funding should the
investee company meet management-set milestones. 

Deficiencies in Existing Methodologies

In many instances the value of a start-up entity is a function of the amount
that VCs wish to invest and the level of ownership they desire. For example,
if the VC is willing to invest $1.2 million and requires 30 percent ownership
of the entity, then the value of the entity is essentially $4 million. The other
key driver is related to liquidity and demand, where prices simply skyrocket
in competitive bidding during times when VCs are fighting off each other to
fund ideas. However, regardless of how much the entity was finally valued,
there is always some financial analysis undertaken. 
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One common approach to valuing a target adopted by VCs is to use an
earnings multiplier. The earnings of the exit year are projected and that
amount is then multiplied with an earnings multiplier to arrive at an exit
price. The problem with this methodology, and with relative valuations, is
that it assumes that the comparables selected reflect the cash flows and risks
of the entity valued, which is often difficult to determine for start-up entities
with no historical track record. The other major assumption is that the mar-
ket on which the comparable multiplier is based accurately reflects the un-
derlying value of its stocks. Clearly, using a comparable derived from the
prices of Internet stocks at the height of the tech boom in early 2000 would
result in a very high and overvalued investment. In comparison, a DCF ap-
proach adds several layers of depth to the analysis as it involves forecasting
cash flows and through the use of a discount rate, brings into the analysis the
concept of risk. However, DCF analysis assumes a static investment deci-
sion, and assumes that decisions are made upfront with no recourse for
management to alter the path and underlying cash flows mid-stream. Also
building on the risk/reward principle, DCF analysis handles highly volatile
cash flows by discounting them more severely than less volatile steams. Col-
lectively, these flaws result in the understating of the fair value of a project,
potentially resulting in a good project being rejected. 

Real options analysis recognizes that there exist several paths that a man-
agement team may take to execute its strategy, which in itself may have to be
modified mid-stream, to achieve its desired goals. Indeed, an innovative busi-
ness plan should identify key decision points and options available to man-
agement, revealing the extent that management has sought to build strategic
flexibility into its operations. Real options analysis seeks out and values these
strategic flexibility options. Real options analysis builds on the strengths of
DCF, as it is based on future cash flows and growth rates, and focuses on
risk, but it enhances the analysis by providing a framework that conceptual-
izes and values managerial flexibility. Unlike DCF techniques where the ex-
pected cash flows are fixed, real options analysis adopts the notion of an
active net present value (NPV), whose expected value trajectory is control-
lable by management. Real options analysis looks at active NPV as a sum of
the passive NPV and the value of the embedded options. A key assumption
of this methodology is that management is competent and capable of execut-
ing its options, should they be in-the-money (otherwise these options would
be worthless).

The Digital News, Inc.

The presentation now turns to how real options analysis is applied as a
framework to understand the sources of value and assess the fair value of the
New York–based Internet start-up, The Digital News, Inc. (TDN). The tim-
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ing of this analysis is about one year after commencement of operations and
just prior to the first round of VC funding. 

TDN syndicates broadcast quality video footage of corporate and pub-
lic news releases to the media. TDN provides TV journalists and other pro-
gram makers with a central destination to search, preview, acquire, or trade
broadcast-quality video from a wide variety of sources. Content providers
(mainly Fortune 1000 and global institutions) benefit from using TDN’s
proprietary platform as an efficient and convenient means to disseminate
video news globally. The idea for creating this platform came from the jour-
nalism and advertising backgrounds of the two founding partners. As a team
they ran a multinational public relations enterprise for 12 years. A key com-
ponent of the earlier business was to create video news releases for major
corporations and distribute them to TV stations. They found the distribution
element of the chain to be the most challenging area of their business. The
rapid rise of the Internet and ensuing high-speed broadband technologies
presented an ideal means for distributing broadcast-quality video online. 

After having been in operation for a year, TDN has made inroads in
terms of building a functional prototype and found itself with a small but
growing client base. However, to expand its client base, broaden its service
offering, build a technologically robust platform, and establish relationships
with the TV media rooms, it required more funds. Hence it was seeking its
first round of VC funding. Following the first round of financing, TDN’s
management envisioned that it will require further funding, provided that
certain targets are met, though the timing and magnitude of these additional
funds are unknown. Those funds would be utilized to fuel expansion
through acquisitions and enhance its technical capabilities. Clearly, if there
is no market or if the technical platform fails to meet expectations, investors
will not be compelled to make any further investment. The exit plan is
scheduled for sometime in year five where it is expected that the investor’s
interest will be liquidated most likely via a trade sale rather than an initial
public offering (IPO). 

Framing The Digital News’s Real Options

The real options process adopted here is essentially in accordance with the
steps outlined by Mun in Real Options Analysis (Wiley, 2002), except that
I have framed the real options first before presenting the financial analysis.
A closer review of TDN’s business model reveals that the management team
has the ability, at various milestones, to abandon the project, delay initia-
tives, or expand services. The model essentially reflects a series of options on
options, known as a sequential compound option, where the latter options
depend on the successful execution of the earlier ones. Given that VCs will
have board representation and will play a hands-on role on key decisions,
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one could suggest that the VCs essentially have the same real options as the
management team. Indeed, by staging their investment and having written
into their contractual agreement a first right of refusal to further funding, the
VCs have acquired the flexibility to continue funding TDN. 

Unfortunately, computing a sequential compound option is a rather
complex task as it involves identifying the various embedded options and
deciphering their relationship to each other. This task is made more difficult
when either the time horizon for the execution of the second option or the
amount required for the second investment is unclear. Indeed in this case
TDN may turn out to be self-funding and not require additional funds.
Rather than attempting the impossible task of valuing every conceivable op-
tion embedded in TDN, I have taken a macroview and framed the following
American Expansion Option: By promising to provide the first round of
funding and writing into the financing agreements a first right of refusal, the
VCs have purchased the right, but not the obligation, to provide additional
funds should TDN need more capital. However, should they feel that the
outlook for TDN is not promising, they are not obliged to provide any fur-
ther funds. Either way, by having the first right of refusal and making that
initial investment they have acquired the right to benefit from the cash flows
generated by TDN. This is an American option as TDN could seek addi-
tional funds at anytime within the assumed time frame of five years.

Financial Analysis and Modeling

The first step is to undertake a DCF analysis to arrive at the enterprise value.
The key elements of the DCF analysis were to (a) forecast the free cash flow
for an explicit forecast period (eight years); (b) determine the continuing
value; (c) determine the discount rate; and (d) discount the cash flows and
aggregate the discounted cash flows less the capital injection by investors to
arrive at the NPV. The static valuation of TDN’s future profitability using a
DCF model is found to be $38 million.2 The real options analysis under-
taken here used the Real Option Analysis Toolkit software created by
Johnathan Mun and Decisioneering. The appropriate option model to use in
this case is a closed-form approximation of an American call option because
the management team could decide to expand the operations anytime and
accordingly seek to raise funds as and when it requires. The core inputs of
this analysis are:

Expansion factor—TDN will double its net cash flow
Time to expiry—anytime over the next five years
Volatility—implied volatility of 45 percent
Risk-free rate—5 percent assumed
Implementation cost (exercise price)—the amount of additional funds
required—assumed to be $20 million to fund acquisition

288 APPENDIX



Based on the preceding assumptions and using the backward induction
technique, the lattice is calculated back to obtain a value of $63 million for
the firm inclusive of the expansion option. As the underlying static value of
TDN was $38 million, the cost for the VC of acquiring another investment
with similar cash flows and risk is (2 × $38) – $20 = $56 million; that is, the
value of twice its current operations less the acquisition costs. The $56 mil-
lion is the static NPV without flexibility of the expanded operation. The ad-
ditional $7 million is the real option value. In other words, the growth
option embedded in TDN contributed an additional 12.5 percent to a static
valuation analysis.

Conclusion

The analysis did show that by using the traditional valuation methods, the
VC would have undervalued TDN and potentially might have missed in-
vesting in a lucrative venture. However, I believe the main benefit of under-
taking a real options analysis for the VCs is that it forces them to think and
identify what options exist in the investee entity or how they may create op-
tions within their investment. Seek to invest in entities that provide the great-
est investment opportunity. The key benefit for the management teams of
start-ups seeking to raise funds by undertaking such analysis is that it pro-
vides them with a powerful negotiating tool to highlight to potential in-
vestors the array of options embedded in their business. It also helps them
extract better terms from VCs in terms of equity ownership ratio.

Notes

1. I used the real options approach to analyze the business and to help the
management team articulate its business case to VCs during the capital-
raising phase. However, in this case study, the analysis has been flipped
around and is done from the perspective of a venture capitalist wanting
to value the business. 

2. To maintain confidentiality, the underlying numbers used to produce
the results quoted in this case study are not the actual numbers; how-
ever, I am willing to share the thought process and technique used to ob-
tain the results.
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Cash-flow returns, 64
Certainty level, 20–21
Changing cost option

characteristics of, 154–157, 233
Real Options Analysis Toolkit

software, 244
Changing volatility options,

158–162, 197–199,
234–235, 237–238

Chooser options. See Option to
choose

Closed-form approaches
abandonment options, 95–96
American options

compound options, 143–144
contraction options, 118,

124–125
expansion options, 115–116
option to choose, 127

Closed-form differential equations,
183–189

Closed-form partial-differential
models, 22

Competition, 24, 41, 44, 107, 112,
206

Compounding, 57–58
Compound option

call-on-call, 245
closed-form, 144–147
pharmaceutical industry

example, 138–143, 208
put-on-call, 246
Real Options Analysis Toolkit

software, 245–246
sequential, 49, 136, 145–154,

201–203, 208, 232, 243, 246
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simultaneous, 139–144, 150,
231, 244

Confidence tail, 20
Constraints

budget, 48, 55
managerial, 209

Continuous discounting, 57–59
Contraction option, 123–124. See

also Contract option
Contract option

characteristics of, 117–128
contraction and abandonment

option, 162–167
creating and solving, 229
option to choose, 128–130, 132,

134
Real Options Analysis Toolkit

software, 242–243
Correlation call option, 248–249
Correlation coefficient, 178–179
Correlation put option, 249
Cost of goods, 16
Critical success factors, 44
Crystal Ball software

getting started, 15–22
installation guidelines, 1–7
OptQuest software, 54,

209–210
Predictor, 202–205
simulation

creating, 17–20
environment, 16
results interpretation, 20–21

Cumulative distribution, Real
Options Analysis Toolkit
software, 247

Custom Lattice, 30–34

Debt load, 86–88
Decision analysis process

base-case variable forecasts,
41–42

characteristics of, 39–40
framing real options, 46–54
Monte Carlo simulation, 43–46
optimization, 54–55
options analytics, 54–55
qualify list of projects, 40–41
simulation, 54–55
static DCF models, 42–43

Decisioneering, 14, 61
Decision lattice, 26, 81, 83, 100,

110–111, 113, 122, 131,
141, 151–152, 156, 173

Decision trees, 50, 52, 69, 71
Depreciation expenses, 62
Developer Kit, Crystal Ball, 4
Discounted cash flow analysis, 62,

206–208, 213
Discounted cash flow (DCF)

models
abandonment options, 95–96
binomial lattices, 75–76
case studies, 286, 288
characteristics of, generally, 34,

39
decision analysis process, 39–55
present value, 65–67
risk-neutral probabilities, 74
static, 42–43

Discounted weighted average, 138
Discounting conventions, 59–60
Discount rate

annualized, 57–58
calculation of, 58
implications of, 177 
risk-adjusted, 53
volatility estimate and, 68–69

Discrete discounting, 57–59
Diversification, risk, 179
Dividend impact tables

at-the-money options, 274–275
characteristics of, 272
example of, 273
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Dividend impact tables (cont.)
20 percent in-the-money

options, 278–279
20 percent out-of-the money

options, 276–277
Dividend-paying stocks, 73
Dividend payout

American options, 168, 170
European options, 167–168, 170

Dividends
contraction options, 123 
expansion options, 105,

116–117
impact tables. See Dividend

impact tables
implications of, 67, 73, 83
Real Options Analysis Toolkit

software, 240
Double barrier options, 171
Down factors, 74–75, 97
Down jump step-size, 84, 89–90,

244
Downside, avoidance strategies, 55

End-of-year convention, 59
Energy industry, 281–284
Equity valuation lattice, 138,

149–150
European options. See also specific

types of options
binomial lattices, 77–78, 80
calculations, 217
characteristics of, 77–78, 80, 83 
put, 244
Real Options Analysis Toolkit

software, 244
state-pricing approach, 88–90,

221
Exit option, pharmaceutical R&D

example, 50
Expanded net present value

(ENPV), 24–26, 98, 120,
132–133

Expansion option, 105, 108–109,
115

characteristics of, generally,
105–117, 126

competitive risks, 112–113, 228
creating and solving, 226
growing expansion rate, 227
growth options, 110–111
option to choose, 128–130, 132,

134
pharmaceutical R&D example,

50
Real Options Analysis Toolkit

software, 242–243
Expiration

binomial lattices and, 74
compound options, 137

Feasibility analysis, 46, 48
Feedback loop, 53
Feedback modeling, 39
Financial analysis, discounted cash

flow (DCF)
applications, 60
discrete discounting, continuous

versus periodic, 57–59
end-of-period versus beginning

of period discounting,
59–60

end-of-year versus midyear
convention, 59

Financial modeling
financial analysis, 57–61
Monte Carlo simulation, 61–64
volatility estimates, 64–72

Firm-specific projects, 73
Forecasting, 41–42, 59–60,

204–205
Forecasts, base-case variables,

41–42
Forward start call option, 247
Forward start put option, 247
Framing, real options, 46–54

298 INDEX



Free cash flow, 67, 74
Future cash flow

compound options, 136
implications of, 154

Futures call option, Real Options
Analysis Toolkit software,
247

Futures options
cash flow, 120
Real Options Analysis Toolkit

software, 247
Future value, 57, 107

Granularity, 77–79
Growth options, pharmaceutical

R&D example, 50
Growth rate, 175, 177

Halliburton, 281–284
Hedge ratios, 86–87
Hedging, sequential compound

option, 153
Historical data, implications of,

202, 285–286

Implementation cost, 62
Implied volatility

characteristics of, 95, 105
tables. See Implied volatility

tables
Implied volatility tables

characteristics of, 95, 105, 266
example of, 267
maximum terminal values,

268–269
minimum terminal values,

270–271
Inflation adjustment, 98
Influence diagrams, 54
Installation guidelines

Crystal Ball software, 1–7
Real Options Analysis Toolkit,

8–14

Intellectual property
infrastructures, 48–49
option to choose, 126
royalty rates, 55

Interest expense, 62
Interest rate, compounding, 57–58
Internal rate of return (IRR),

42–44, 46
In-the-money options

dividend impact table, 278–279
implications of, 48, 171, 174

Jump-diffusion stochastic process,
45

Jump size, significance of, 75–76,
84, 90

Lattice(s)
binomial. See Binomial lattices
creating, 215
customized, 30–34
decision, 26, 81, 83, 100,

110–111, 113, 122, 131,
141, 151–152, 156, 173

equity valuation, 138, 149–150,
208

granularity, 216
multinomial, 46, 90
nonrecombining, 189–199
option valuation, 26, 74, 81, 83,

85, 97, 99, 100, 107–109,
111, 113, 122, 128, 131,
139–140, 151–152, 156,
158–159, 172, 199

quasi-decision, 163
recombining, 75, 191–194,

196–197
solving, 215
state pricing, 89–90
trinomial, 90–94, 222–224
underlying asset pricing, 26
valuation, 27–28, 190, 195, 197,

208
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Learning phase, pharmaceutical
R&D example, 50

Licensing, 201–202
Liquidity, 73
Logarithmic cash-flow returns,

volatility estimates, 64–65
Logarithmic present value

approach, volatility
estimates, 64–67

Lognormal returns, 44

Management assumption
approach, volatility
estimates, 67–68

Managerial constraints, case
illustration, 209

Manufacturing, 117–120, 126
Market conditions, 108
Marketing plans, 50
Market-replicating portfolio,

73–74, 84–88, 219–220
Market saturation, 44–45, 202, 206
Mean-reversion, 45
Mergers, 282
Microsoft

Excel, applications, 1, 3–4, 6–7,
12, 20, 36–37, 202

.NET Framework, 8
Windows, 4, 12

Midyear convention, 59
Monte Carlo simulation

abandonment options, 95
applications, generally, 34, 37,

39, 43–46, 53
changing cost options, 154
contract options, 117–118
discounted cash flow (DCF)

model, 43–46, 53, 61–63,
65, 214

expansion options, 105
initiation of, 16
logarithmic present value, 65–67 

option to choose, 126
stock price path, 63, 214
volatility estimates, 65–68, 71,

215
Multinomial lattices, 46, 90

Net present value (NPV)
abandonment options, 95, 98
applications, generally, 25, 44
base-case variable forecasts, 41
calculation of, 42
change cost options, 155 
changing volatility options, 159
contraction and abandonment

option, 163
contract option, 120 
discounted cash flow analysis,

58–59
discounted cash flow model, 46 
expansion options, 108, 114, 116
stochastic optimization, 209
stochastic timing options,

175–176
switching options, 179

Non-cash expense, 62
Nonparametric Bootstrap

Simulation, 4
Nonrecombining lattice, 189–199

Objective, 41
Operating conditions, impact of,

119–120
Operating expenses, 62
Opportunity cost, 175, 177
Optimal timing, 178
Optimization, 54–55. See also

specific types of optimization
Option to choose

characteristics of, 126–135
creating and solving, 230
Real Options Analysis Toolkit

software, 241–242, 245
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Option valuation lattices, 26, 74,
81, 83, 85, 97, 99, 100,
107–109, 111, 113, 122,
128, 131, 139–140,
151–152, 156, 158–159,
172, 199

Options analysis, pharmaceutical
R&D example, 50

Options analytics, 54–55
OptQuest software, 4, 54,

209–210
Out-of-the money options

characteristics of, 48, 171, 174
dividend impact table, 276–277

Patents, 50, 51, 201–203
Periodic discounting, 57–59
Pharmaceutical industry, R&D

example, 49–54
Physical assets, 73
Poisson jump-diffusion stochastic

process, 45
Portfolio optimization, 39, 54–55
Portfolio replication, 73–74, 84–88
Predictor software, 202–206
Presentations, 55–56
Present value

asset value, 24
binomial lattices, 74–75
cash flow, 44
logarithmic, 65–67
option to choose, 133
volatility estimates, 66–67

Prioritizing projects, 40–41
Product life cycle, 283
Profitability index, 46, 48
Profitability maximization, 119, 128
Profit-maximizing behavior, 97–98
Profit-maximizing decision, 107
Project list, qualification of, 40–41
Project selection, 46–48
Project valuation, clumping, 46

Put options. See also specific types
of put options

defined, 103
Real Options Analysis Toolkit

software, 240, 243,
246–249

Q-Ratio, 46
Quasi-decision lattice, 163

Real options analysis
components of, 39, 141
updates, 55–56
value tables. See Real options

value tables
Real Options Analysis Toolkit

CD-ROM, 291–293
customized options, 30–34
functions, accessing, 34–38
getting started, 22–38
help environment, 29
installation guidelines, 8–14, 292
lattice viewer, 27–28
modeling interface, 22–27
optimization, 34–38
simulations, 34–38
software, function description

for Excel, 239–249
system requirements, 291
user assistance, 293

Real options value tables
characteristics of, 251
example of, 251
1-year maturity, 251–253
3-year maturity, 254–255
5-year maturity, 256–258
7-year maturity, 258–259
10-year maturity, 260–262
15-year maturity, 262–263
30-year maturity, 264–266

Recombining lattices, 75, 191–194,
196–197
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Reports, 55–56
Research and development (R&D),

pharmaceutical example,
48–54

Resource allocation, 39
Resource optimization, 54–55
Results interpretation, components

of, 20–21
Retail price, 16
Return maximization, 55
Return on investment (ROI), 42
Revenue(s)

forecasting, 41–42
generation, 45
historical data, 202

Risk-adjusted discount rate, 53,
126, 136 

Risk-adjusted probability, 74, 86
Risk-adjustment 

contract options, 120
methods, 107

Risk analysis, Monte Carlo
simulation, 61–62

Risk capital, 285
Risk diversification, 179
Risk-free rate, 75, 110, 117, 120,

123, 145, 154, 167, 175,
178

Risk minimization, 55
Risk-neutral probabilities

analysis, 190, 195
implications of, 73–75, 84–85,

90, 98–99, 129, 219
Real Options Analysis Toolkit

software, 244
Royalty rates, 55, 201–202,

208–210

Sales volume, 16
Salvage value, 74, 86, 99, 101,

104, 126, 134, 162–164,
167–167, 243

Savings, 119, 125, 165, 243
Seasonality, 203
Sensitivity Analysis, 4
Sequential compound option

case study, 201–208
characteristics of, 49, 136,

145–154, 201–203, 208,
232

Real Options Analysis Toolkit
software, 243, 246

Simulation, 54–55
Simultaneous compound option

characteristics of, 139–144, 150,
231

Real Options Analysis Toolkit
software, 243–244

Spreadsheet risk analysis, 61–62.
See also Monte Carlo
simulation

Standard deviation, volatility
estimates, 69–70

Startup entities, The Digital News
case study, 284–289

State-pricing approach, 88–90, 
221

Static DCF models, 42–43
Step-size ratio, 266
Step sizes, 106, 118
Stepping time. See Time steps
Stochastic differential model, 22
Stochastic optimization, 208–210
Stochastic options, Real Options

Analysis Toolkit software,
247–248

Stochastic process, DCF model,
44–45

Stochastic timing option
characteristics of, 175–178
Real Options Analysis Toolkit

software, 248
Stochastic variables, DCF model,

45–46
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Stock price path, 63
Strategic abandonment option,

100–101
Strike price, change cost options,

155
Super lattice

implications of, 114
Real Options Analysis Toolkit

software, 242–244, 246
Switching option

characteristics of, 178–182
Real Options Analysis Toolkit

software, 248

Table(s)
dividend impact, 272–279
implied volatility, 95, 105,

266–271
switching options, 181–182

Tax rates, implications of, 62
The Digital News (TDN), startup

case study
financial analysis/modeling,

288–289
framing options, 287–288
real options analysis, 285–287
valuation challenge, 284–288

3D option space matrix, 47–48, 54
Time-series forecasting, 42, 65,

204–205
Time-steps, 25, 74

abandonment options, 96–97
binomial lattices, 74–75, 79,

92–94
trinomial lattices, 91, 93

Timing, pharmaceutical R&D
example, 50

Timing options, stochastic,
175–178

Tornado analysis, 44
Tornado Charts, 4
Tornado Diagram, 44

Total gross revenues, 21
Trinomial lattices, 90–94, 222–224
2n-nomial, 46

Uncertainty level, implications of,
53, 75–76

Underlying assets, 74–75
Update analysis, 56 
Up factors, 74–75, 97
Up jump step-size, 84, 89–90, 244
Upside swings, 55
Utility power plant, 45

Valuation
option lattices, 26–29, 74, 81,

83, 85, 100, 107–109, 111,
113, 122, 128, 131,
139–140, 151–152, 156,
158–159, 172, 199, 208

risk-neutral, 74
Venture capitalists (VCs),

functions of, 284–289
Volatility

annualizing, 68
applications, 72
DCF model, 46–48
estimates

logarithmic cash-flow returns
analysis, 64–65

logarithmic present-value
approach, 65–67

management assumption
approach, 67–68

explaining, 68–71
implications of, 24–25 
implied. See Implied volatility
nonrecombining lattice, 196
option analysis, Real Options

Analysis Toolkit software,
247

Weighted average, discounted, 138
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