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the value of the closed-form analysis with a binomial lattice calculation. Do
the following exercises, answering the questions that are posed:

1.

2.

Solve the expansion option problem manually using a 10-step lattice and

confirm the results by generating an audit sheet using the software.

Rerun the expansion option problem using the software for 100 steps,

300 steps, and 1,000 steps. What are your observations?

Show how you would use the Closed-Form American Approximation

Model to estimate and benchmark the results from an expansion option.

How comparable are the results?

Show the different levels of expansion factors but still yielding the same

expanded asset value of $800. Explain your observations of why, when

the expansion value changes, the Black-Scholes and Closed-Form Amer-

ican 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).

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 $533.34 (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).

. Add a dividend yield and see what happens. Explain your findings.

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

b. What happens to the accuracy of closed-form solutions like the
Black-Scholes and Closed-Form American Approximation Model
models for use as benchmarks?

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

suppose that although the firm has an annualized volatility of 35 per-

cent, the competitor has a volatility of 45 percent. This means that the
expansion factor of this option changes over time, comparable to the
volatilities. In addition, suppose the implementation cost is a constant

120 percent of the existing firm’s asset value at any point in time. Show

how this problem can be solved using the Multiple Asset SLS. Is there

option value in such a situation?

GCONTRACTION, EXPANSION,
AND ABANDONMENT OPTION

The Contraction, Expansion, and Abandonment Option applies when a
firm has three competing and mutually exclusive options on a single project
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to choose from at different times up to the time of expiration. Be aware that
this is a mutually exclusive set of options. That is, you cannot execute any
combinations of expansion, contraction, or abandonment at the same time.
Only one option can be executed at any time. That is, for mutually exclusive
options, use a single model to compute the option value as seen in Figure
10.16 (example file used: Expand Contract Abandon American and Euro-
pean Option). However, if the options are nonmutually exclusive, calculate
them individually in different models and add up the values for the total value
of the strategy.

Figure 10.17 illustrates a Bermudan Option with the same parameters
but with certain blackout periods (example file used: Expand Contract Aban-
don Bermudan Option), while Figure 10.18 (example file used: Expand Con-
tract Abandon Customized Option I) illustrates a more complex Custom
Option where during some earlier period of vesting, the option to expand does

E‘] Super Lattice Solver
Fil=  Help
Comment |
~ Option Type ~ Custom Variable:
v American Option v European Option | Bermudan Option v Custom Option Variablz_a Name | Walue I Starting Step I
Expansion %3 1]
_ Pasi o ExpandCost 25 1]
Bl Inpux‘ . . Contraction 039 1]
P Underlying Asset ($1 [100 Risk-Free Rate (%] [5 ContractSavings 25 0
Implementation Cost ($] [100 Dividend Rate (%] [g Salvage 100 0
M aturity [v'ears) 5 Wolatility (%] 15
Lattice Steps 100 * Al % inputs are annualized rates.
Blackout Steps and Vesting Periods (For Custom and Bermudan Options]:
I Add Madify Femove
Example: 1,2,10-20, 35
Optional Terminal Mode Equation [0 ptions At E xpiration]: — Benchmark.
Max[ssset, Azset”Expansion-ExpandCost, Asset*Contraction+ContractS avings, Call Put
Salvage] Black-Scholes European: $26.00 $3.88
Exanmple: MAX[Asset Cost, 0] Closed-Form &merican: $26.00 $6.41
Binomial European: $26.00 $3.88
i~ Custom Equations [For Custom Options] Binomial American: 426,00 46,44
Intermediate Mode Equation [Options Befare Expiration]:
Max[&sset"Expansion-ExpandCost, Asset*Contraction+ContractS avings, Salvage, - Result
lele] American Option: $117.4220
European Option: $116.3954
Example: MaX[Asset-Cost, @) (Elpslimm (Dt &)1 2220
Intermediate Mode Equation [During Blackout and Yesting Periods):
[~ Generate Audit Workheet
Example: (@& Clear Al

FIGURE 10.16  American, European, and Custom Options to Expand, Contract,
and Abandon
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E‘] Super Lattice Solver
File Help
Comment |
— Dption Type 1~ Custom Y ariable:
v &merican Option W European Option v Bermudan Option v Custom Option \u"aliabl_e Name | “alue Starting Stey
Expansion i3 1]
Bt ExpandCost 25 1]
) . . Contraction 039 1]
P Underlying Asset ($1 [100 Risk-Free Rate (%] [5 ContractSavings 25 0
Implementation Cost ($] [100 Dividend Rate (%] [g Salvage 100 0
M aturity [v'ears) 5 Wolatility (%] 15
Lattice Steps 100 =4l % inputs are annualized rates.
Blackout Steps and Vesting Periods (For Custom and Bermudan Options):
|0-80 -
Add Modify Femove
Example: 1,2,10-20, 35
Optional Terminal Mode Equation (0 ptions At E xpiration]:  Benchmark.
Maxftsset, Asset*Expansion-ExpandCost, Asset*Contraction+ContractS avings, Call Put
Salvage] Black-Schaoles European: $26.00 $3.88
Exarmple: MAX[AssetCost, 0] Closed-Form &merican: $26.00 $6.41
Binomial European: $26.00 $3.88
i Custom Equations [For Custom Optiong] Binomial American: 426,00 46.44
Intermediate Mode Equation [Options Before Expiration]:
Max[asset"Expansion-ExpandCost, Asset*Contraction+ContractS avings, Salvage, - Result
lele] American Option: $117.4220

European Option: $116.3954

Example: MAX[Asset-Cost, @) gﬁ:;?;::al;pgg::o:1 ]‘ ;18(%‘73‘: &

Intermediate Mode Equation [During Blackout and Yesting Periods):

@@

[~ Generate Audit Workheet

LClear All

Example: @@

FIGURE 10.17 Bermudan Option to Expand, Contract, and Abandon

not exist yet (perhaps the technology being developed is not yet mature
enough in the early stages to be expanded into some spin-off technology). In
addition, during the postvesting period but prior to maturity, the option to
contract or abandon does not exist (perhaps the technology is now being re-
viewed for spin-off opportunities), and so forth. Figure 10.19 uses the same
example in Figure 10.18 but now the input parameters (salvage value) are al-
lowed to change over time perhaps accounting for the increase in project,
asset, or firm value if abandoned at different times (example file used: Expand
Contract Abandon Customized Option II).

Exercise: Option to Choose—CGontraction,
Expansion, Abandonment (Dominant Option)

Suppose a large manufacturing firm decides to hedge itself through the use
of strategic options. Specifically, it has the option to choose among three
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E‘] Super Lattice Solver
File Help
Comment |
— Dption Type 1~ Custom Y ariable:
v &merican Option v European Option v Bermudan Option v Custom Option \u"aliabl_e Name | alue Starting Stey
Expansion s 1]
e n ExpandCost 25 1]
g\?stlc l‘;]pr‘f‘ Asset (9] Risk-Free Rate (%] Contraction 09 0
naerying Asse 100 lskrree hate L=] |5 ContractSavings 25 1]
Implementation Cost ($] [100 Dividend Rate (%] [g Salvage 100 0
b aturity [v'ears) 5 Wolatility (%] 15
Lattice Steps 100 =4l % inputs are annualized rates.
Blackout Steps and Vesting Periods (For Custom and Bermudan Options):
|0-50 -
Add Modify Femove
Example: 1,2,10-20, 35
Optional Terminal Mode Equation (0 ptions At E xpiration]:  Benchmark.
Maxftsset, Asset*Expansion-ExpandCost, Asset*Contraction+ContractS avings, Call Put
Salvage] Black-Schaoles European: $26.00 $3.88
Exarmple: MAX[Asset-Cost, 0] Closed-Form &merican: $26.00 $6.41
Binomial European: $26.00 $3.88
i~ Custom E quations [For Custom Options) Binomial American: 426,00 46.44
Intermediate Mode Equation [Options Befare Expiration]:
Max[sset, dzset*Expansion-ExpandCost] [ Result

American Option: $117.4220
European Option: $116.3954

Example: MAX[Asset-Cost, @) gz:p::?pﬂg::n:.l ]‘ ;?375';392

Intermediate Mode Equation [During Blackout and Yesting Periods):

MaxffssetContraction+ContractS avings, Sakvage, @i(E]

[~ Generate Audit Workheet

LClear All

FIGURE 10.18 Custom Options with Mixed Expand, Contract, and Abandon
Capabilities

Example: @@

strategies: expanding its current manufacturing operations, contracting its
manufacturing operations, or completely abandoning its business unit at
any time within the next five 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
appropriate 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 five 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 five 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 $20 million implementation cost. Finally, by abandoning its operations,
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E‘] Super Lattice Solver
Fil= Help
Comment |
— Dption Type 1~ Custom Y ariable:
v &merican Option W European Option v Bermudan Option v Custom Option Wariable Name | Value Starting Stey
Expansion i3 1]
~ Basic Input ExpandCost 25 1]
- . . Contraction 039 1]
P Underlying Aszet ($) [‘IDD— Risk-Free Rate (%) ﬁ ContractSavings 25 a
Implementation Cost ($] [100 Dividend Rate (%] [g Salvage 100 0
Salvage 1m 11
M aturity [v'ears) 5 Wolatility (%] 15 Salvage 102 21
X Salvage 103 3
Lattice Steps 100 * All % inputs are annualized rates. Salvage 104 #
Blackout Steps and Vesting Periods (For Custom and Bermudan Options):
|0-50 -
Add Modify Femove
Example: 1,2,10-20, 35
Optional Terminal Mode Equation (0 ptions At E xpiration]:  Benchmark.
Maxftsset, Asset*Expansion-ExpandCost, Asset*Contraction+ContractS avings, Call Put
Salvage] Black-Schaoles European: $26.00 $3.88
Exarmple: MAX[Asset-Cost, 0] Closed-Form &merican: $26.00 $6.41
Binomial European: $26.00 $3.88
i Custom Equations [For Custom Optiong] Binomial American: 426,00 46.44
Intermediate Mode Equation [Options Before Expiration]:
Max[sset, dzset*Expansion-ExpandCost] [~ Result

American Option: $118.1122
European Option: $116.8432

Example: MAX[Asset-Cost, @) gz:p::?pﬂg::n:.l ]‘ ;:Iu?;;g?sg

Intermediate Mode Equation [During Blackout and Yesting Periods):
MaxfbssetContraction+ContractS avings, Sakvage, @i(E]

Example: @@

Aun Cleartl |

FIGURE 10.19  Custom Options with Mixed Expand, Contract, and Abandon
Capabilities with Changing Input Parameters

the firm can sell its intellectual property for $100 million. Do the following
exercises, answering the questions that are posed:
1. Solve the chooser option problem manually using a 10-step lattice and
confirm the results by generating an audit sheet using the SLS software.
2. Recalculate the option value in question 1 accounting only for an ex-
pansion option.

3. Recalculate the option value in question 1 accounting only for a con-
traction option.

4. Recalculate the option value in question 1 accounting only for an aban-
donment option.

5. Compare the results of the sum of these three individual options in ques-
tions 2 to 4 with the results obtained in question 1 using the chooser
option.

.
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a. Why are the results different?
b. Which value is correct?

6. Prove that if there are many interacting options, if there is a single domi-
nant strategy, the value of the project’s option value approaches this dom-
inant 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?

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

8. Show and explain what happens when the salvage value of abandonment
far exceeds any chances of a contraction. For example, set the salvage
value at $200.

9. 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?

10. 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? 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 dominant option strategies?

BASIC AMERICAN, EUROPEAN,
AND BERMUDAN CALL OPTIONS

Figure 10.20 shows the computation of basic American, European, and
Bermudan Options without dividends (example file used: Basic American,
European, versus Bermudan Call Options), while Figure 10.21 shows the
computation of the same options but with a dividend yield. Of course, Euro-
pean Options can only be executed at termination and not before, while in
American Options, early exercise is allowed, versus a Bermudan Option where
early exercise is allowed except during blackout or vesting periods. Notice
that the results for the three options without dividends are identical for sim-
ple call options, but they differ when dividends exist. When dividends are in-
cluded, the simple call option values for American > Bermudan > European
in most basic cases, as seen in Figure 10.21. Of course this generality can be
applied only to plain-vanilla call options and do not necessarily apply to other
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