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Abstract

In this dissertation, strategic decision—making models based on real options and multi-
criteria decision analysis (MCDA) are proposed to assess the value of risky defense acquisition
projects. A large-scale acquisition project requiring a significant financial investment must
be evaluated to verify its economic feasibility and policy effectiveness before it is introduced.
In the past, such evaluations were typically made in practice using quantitative cost-benefits
(B/C) ratio analysis to evaluate economic feasibility and analytical hierarchy process (AHP)
to synthesize the results of the economic and qualitative policy analysis. However, these
traditional valuation models fail to capture the full values created by a new project because
they do not correctly capture the nature of the process of developing a new acquisition
project. Therefore, we present real options and value—focused thinking (VFT) models to
improve the current preliminary feasibility assessment process in planning defense acquisition
projects.

First, the rational project volatility estimation method for real options is explored. We
develop a procedure to estimate a volatility based on various information unique to the
defense field and evolving market information using the Monte Carlo simulation method.
Then we evaluate the economic value of the Korea Helicopter R&D Program (KHP), a multi-
phased investment decision problem, using a compound real options model and empirical
data to validate its practicality. The results verify that a considerable amount of real option
value exists for KHP, while conventional estimation methods fail to capture the potential
positive value.

Second, we examine the most appropriate way to update the volatility estimates based

on the arrival of new information during the acquisition process. A Bayesian revision process
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is presented to analyze given data according to project progression and provide a post audit
information used for updating the volatility parameter of the real options model.

Finally, we explore a way to integrate the economic and policy feasibility analysis results.
Two types of multi—criteria decision analysis (MCDA) methods, analytical hierarchy process
(AHP) and value-focused thinking (VFT), are compared and applied to choose the optimum
alternative of KHP. The results show that decision—makers can make better decisions through
completion of the VFT process. Rather than simply comparing available alternatives, VFT
helps the decision—makers truly understand what they want and value in their decision and

reflects all these factors in the investment valuation.
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Chapter 1

Introduction

1.1 Preliminary Feasibility Assessment of a Defense Acquisition Program

To successfully pursue a large-scale defense acquisition program which requires a signif-
icant financial commitment by the government, it is necessary to assess potential financial
risk along with the technical attributes of the defense project. Such an assessment also al-
lows optimal budget appropriation and efficient financial operation. Typically, in Korea, a
program feasibility analysis must be carried out for any acquisition project costing more than
KRW 50 billion (US $47 million). Figure 1.1 outlines steps that must be taken in evaluating

a large-scale defense acquisition project by the Korean government.

Program Overview / Research Analysis

* Program background, demand, purpose,
expected impact
* Program strategy/issues, etc.

/\

Economic Analysis Policy Analysis
* Demand estimates + Effects on domestic industry
* Cost/benefit analysis * Ripple effects of technology
+ Sensitivity analysis, etc. + Foreign effects, etc.

—— —

Integration: Multi-Criteria Analysis
(MCDA, AHP, Etc.)

* Program feasibility
* Policy recommendations

Figure 1.1: Basic assessment framework for preliminary feasibility



As shown in Figure 1.1, a preliminary feasibility assessment for a proposed program
consists of two main analyses: a policy analysis and an economic analysis. A policy anal-
ysis examines factors including military strategic feasibility, tactical effects, defense policy
linkages, and effects on domestic industry. Some of the results of the policy analysis may be
converted to currency units and incorporated into the economic analysis. Non-quantifiable
policy factors are presented as a ratio scale or utility to evaluate program. An economic
analysis explores economic and financial feasibility by calculating the cost-benefit ratio, net
present value, and internal rate of return. If necessary, a sensitivity analysis is undertaken
to examine the impacts of uncertain variables such as demand, unit cost, and discount rate
of the program to compensate for measurement errors.[1]

The final part of the preliminary feasibility research uses the whole results of the eco-
nomic and policy analyses to determine whether the program should be pursued. To reach an
accurate determination, it is necessary to integrate the results of quantitative and qualitative
analyses that differ in terms of scale and to consider the assessment consistency, program
distinctiveness, and opinions of various stakeholders. For this purpose, a multi-criteria deci-
sion analysis is often used to identify the best alternative that accomplishes these multiple
objectives. However, the process of identifying such a program is quite challenging, so there
is great demand for a decision-support tool that is theoretically sound but practically ac-

ceptable to the practitioners.

1.2 Problem Statement

Many factors such as policies, strategies, and economic feasibility must be considered
in defense acquisition projects. However, the process of developing and acquiring state-of-
the-art weapon systems requires extremely large investment costs and a long period of time.
Moreover, once a government has committed to a decision, it is very difficult to change the
course of action without enormous costs of money and time. This lack of flexibility is one

of the common problems cited for traditional economic analysis. Recently, the real options



model is the most commonly used technique for the valuation of a strategic investment project
under significant uncertainty. This technique alleviates the limitations of the traditional
methodology and actively manages the uncertain investment environment, giving strategic
flexibility to postpone, extend, reduce, or abandon the project and reflecting all these factors
in the investment valuation. However, the real options model has seldom been used in the
defense acquisition field.

Although a few attempts have been made to use the real options model for defense
acquisitions, most of these studies have focused only on a real option model and program
value assessment and have not included a specific and systemic estimation of volatility, which
is even more difficult to quantify in defense acquisition projects than in other investment
strategies. Rational estimation of volatility is essential to accurately assess real option value.
Therefore, a study is needed to first estimate the volatility of the project analysis phase, and
then to explore a method for updating volatility that changes over time.

Additionally, there is the problem of combining the results of economic analysis with the
qualitative factors that are difficult to quantify in currency units, such as risks, time limits,
and the distinctiveness of national security. While economic analysis can be done with a
real options method, qualitative factors require multi-criteria analysis. One of the primary
concerns in national defense projects is to integrate all these factors (sometimes competing
with each other) and to come up with a decision model that has a practical application in
the defense field. Although there have been many studies to assess large-scale investment
programs or defense acquisition programs, not much effort has been made to combine the
results of economic analysis and qualitative factors analysis. Therefore, a method is needed

to rationally consider both methods, real options and multi-criteria decision analysis.



1.3 Research Objectives

The main objective of this study is to develop a strategic decision-making model that
assesses the value of a defense acquisition program. This objective is accomplished through

the following steps:
1. Develop an appropriate real-option decision model for a defense acquisition project.

2. Develop a procedure for estimating a volatility parameter for the real options model,
based on evolving macro market information and various information unique to the

defense field.

3. Validate the decision support model and provide detailed economic inferences by com-
paring the outcomes with the traditional decision model through the Korea Helicopter

R&D Project (KHP), one of the largest defense acquisition projects in Korea.

4. Develop a procedure for updating a initial estimated volatility using the Bayesian

revision process,

5. Develop a scheme to integrate the value assessment of economic merits and other

qualitative factors by considering various multi-criteria decision models.

First, we explore the rational initial volatility estimation method for real options. In
estimating volatility of the initial analysis time, it is preferable to use methods that can
replicate the given circumstances and determine the volatility easily rather than methods that
require complicated and unrealistic assumptions. We represent the Monte Carlo simulation
with time frame as a suitable method to estimate phase—specific volatility measures.

Second, the economic value of the Korea Helicopter R&D Program (KHP), a multi-
phased investment decision problem, is evaluated by a compound real option model and its
practicality is validated by empirical data. Even when a project is selected and executed, it

occasionally fails because of unexpected situations along the way. Thus, to solve this problem,



it is important to create a proper valuation and flexible decision-making methodology. The
compound real option model is the most appropriate approach for these objectives and will
be utilized for evaluating the strategic net present worth (SNPW) of KHP.

Third, we present an enhanced real option estimation method, which can update volatil-
ity and option value by utilizing such new information through the Bayesian revision method.
Analysis of the project’s uncertainty is a process of overcoming limitations caused by un-
available data by gaining new information and using it. During this process, the Bayesian
revision method can be used to revise the initial volatility using actual market data.

Finally, to evaluate the feasibility of defense acquisition programs, various factors need to
be considered and comparatively analyzed. These factors include the purpose of the project,
required operational capability, military strategy, the distinctiveness of national security, and
the political commitment to the program’s success, as well as the results of economic analysis.
To solve this problem, multi-criteria decision analysis (MCDA) model is combined with a real
option method to integrate the results of economic and policy analysis for final determination.
Among various MCDA methods, we examine two methods, analytical hierarchy process

(AHP) and value-focused thinking (VFT), for a preliminary feasibility assessment for KHP.

1.4 Organization of the Dissertation

This study will examine how 1) the real option and 2) the multi-criteria analysis model
affect the decision-making process by exploring expenditures and elements mentioned in
an assessment of the Korean Helicopter Program (KHP) which was carried out by South
Korea’s National Assembly Budget Office[2]. To accomplish these goals, the remainder of
this dissertation is organized as follows.

Chapter 2 reviews the defense acquisition environment and real options applicability
and investigates previous studies and some theories related to the real options and multi-
criteria decision analysis models. Chapter 3 presents the Monte Carlo simulation (MCS)

to estimate the initial volatility and evaluates the economic value of the Korea Helicopter



R&D Program (KHP) using a compound real option model and empirical data to validate
the practicality. Chapter 4 discusses the Bayesian revision process to analyze given data
according to project progression and to provide post audit information used for updating
the volatility parameter of real option model. Chapter 5 explores a way to integrate the
economic and policy feasibility analysis results. Analytical hierarchy process (AHP), one
of the multi-criteria decision analysis (MCDA) methods, is applied to identify the optimum
alternative for KHP. Chapter 6 presents a value-focused thinking (VFT) approach, which
is similar to AHP but accesses issues through different ways, to develop a suitable decision
model for the preliminary feasibility assessment of KHP. Then, AHP and VF'T are compared
to suggest a more refined analysis to assess the defense acquisition decision problems. Chap-

ter 7 consists of a brief conclusion along with some suggestions for future research.



Chapter 2

Background and Literature Review

There are three main objectives in this dissertation. The first objective is to develop
an appropriate real options decision model for a defense acquisition program. The second
objective is to develop a procedure for estimating a volatility parameter for the real options
model and to devise a method to update the volatility based on the new information. The
third objective is to develop a scheme to integrate the value assessment of economic merits
and other qualitative factors. Therefore, this chapter reviews the current defense acquisition
environment and real options applicability for evaluating defense programs and then reviews
previous studies related to the research objectives. Finally, it discusses limitations of previous

assessment methods and ways to improve on them.

2.1 The Defense Acquisition Environment

The occurrence of full-scale wars has become less likely in the post-Cold War era, but
traditional conflict factors such as territorial disputes, competition for natural resources,
religious and ethnic conflicts, and separatist and irredentist movements still remain. As
shown in Table 2.1, the global security environment has been complicated by the threats of
weapon system development in convergence with state-of-the-art scientific technology and the
prolonged global economic crisis[3]. Accordingly, countries around the world are allocating
huge budgets and focusing on acquiring new weapon systems to secure their rights and
interests and to prepare for an uncertain security environment as well as potential future
battlefields. In particular, the Republic of Korea is the world’s only divided nation and is
geopolitically located at the center of East Asia where the interests of major powers around

the world are in complicated tangles. The Korean government is under constant pressure to
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and prosperity.

come up with efficient defense acquisition projects as a key factor to assure national security

Table 2.1: The Military Strength of the Powers Surrounding the Korean Peninsula|[3].

S.Korea N.Korea China Japan Russia United State
Number of Troops 650 1,200 2,285 250 960 1,570
(thousand)
Defense Budget
($Billion) 25.7 0.8 76.4 54.4 41.9 693.6
3 Aegis-class Ships 420 Combatants 1 Aircraft Carrier 6 Aegis-class Ships 1 Aircraft Carrier 11 Aircraft Carriers
Key Weapon 10 Submarines 70 Submarines 71 Submarines 18 Submarines 65 Submarines 71 Submarines
System 460 Fighters and 820 Fighters and 1,751 Fighters and 348 Fighters and 1,765 Fighters and 3,191 Fighters and
Bombers Bombers Bombers Bombers Bombers Bombers
Next-genleratlon Develop 'nl‘lclea_r N(‘ew'strateglc Strengthening of the Nuclear capability Force upgrade of the
fighters, improve and ballistic missiles, stealth . enhancement, X
s .. MBD (missile defense) Pacific Command,
capabilities to carry  missiles, as wellas  fighter, nuclear R . development of .
F U d out long range chemical and attack submarines system, introduction stealth fighters and realignment of U.S.
orce Lpgrades § rang ) of next generation 18 Forces in the ROK

precision strikes,
acquire battlefield
surveillance

biological weapons
to secure a strategic
offensive capability

(Jin-class),
strengthening
of space capabilities

fighters, enhancement
Aegis ship capabilities

missiles,
strengthening of
space capabilities

and Japan, Pursuit of
strategic flexibility

However, while the costs of acquiring and managing state-of-the-art weapon systems
have increased astronomically, the finances to support them are strictly limited owing to
the global economic crisis and the pressure to reduce national defense budgets. Accordingly,
an accurate and scientific valuation of new defense acquisition projects is more necessary
than ever in making investment decisions. The U.S. predicts that the expected costs of
promoting 96 major defense acquisition projects will be $1.6 trillion as of 2011. Despite
having the world’s greatest military force and largest economy, the U.S. is facing the issue
of managing the shrinking national defense budget while costs are rapidly increasing every
year[4]. Moreover, the development of innovative scientific technologies has led to reducing
the service life of weapon systems already acquired[Table 2.2][5]. Therefore, it is necessary
to consider the risks and uncertainty associated with technology obsolescence along with
economic feasibility in evaluating modern defense acquisition projects.

For example, the U.S. F-35 Lightning IT (Joint Strike Fighter) acquisition project in

Figure 2.1 [4] can be considered a representative case in which a project faced extensive



Table 2.2: Technology Cycle Times[5].

Primary Structural Materials / Platforms 15 ~ 30 years

System Mechanical Systems / Weapons 10 ~ 15 years
C4I Infrastructure 5 ~ 8years
Sensors 3 ~ byears
Communications 1 ~ 3years

Components
IT Hardware 0.5 ~ 2years
IT Software 0.5 ~ 1years

damage in the process of project promotion owing to insufficient economic feasibility analysis

in the national defense field and an inflexible response to uncertainty factors.[4]

Concept System Development Production
A A A
11/1996 10/2001 06/2007 TBD 2035
Program Development Production Initial Capability Last
Start Start Decision USMC,USAF,USN Procurement

Program Performance(fiscal year 2012 dollars in millions)

As of 10/2001 Latest 12/2010 Percent change
R&D cost $38,977 $58,388 49.8
Procurement cost $172,921 $267,596 54.7
Total Program cost $213,708 $326,535 52.8
Unit cost $75 $133 78.2
Total quantities 2,866 2,457 -14.3
Acquisition cycle time(months) 116 TBD NA

Figure 2.1: F-35 Lightning I Program[4].

The U.S. Department of Defense (USDOD) decided to purchase 60 F-35s in 2007 without
a test flight and adequate economic evaluation. However, various design problems in the flight
system and software, delayed the schedule for development and production. Later, the costs
for acquisition and maintenance rose astronomically, and the success of the project became
uncertain; but although the USDOD could not confidently proceed with the project, it could
not abandon it either.

A. T. Kearney claimed that defense acquisition projects have more delayed acquisition
periods than private investment projects, resulting in various issues such as increased costs

and lack of flexibility in delayed procurements|6].



Table 2.3: Comparing Military and Commercial Aircraft Programs’ Cycle Times|6].

Acquisition cycle time(months)

Target Actual
Global Hawk 55 125
TE-2D Advanced
Military 95 136
: Hawkeys
Aircraft
Gray Eagle UAV, etc 50 TBD
Average 88 114
Boeing 777 60 60
Commercial Airbus A-380 44 49
Aircraft Boeing 787 65 83
Average 56 64

Therefore, the evaluation methods that have traditionally been used for the economic

evaluation of defense acquisition projects are irreversible and costly.

2.2 Real Options Applicability in the Defense Acquisition Field

A financial option is a contract that gives its holder the right but not the obligation to
take action at a predetermined price within a specified time period in the financial market.
Similarly, a defense planner with an opportunity to invest in acquisition plans can be viewed
as having a right, but not necessary an obligation, to invest at the time of decision. The real
options approach will allow a defense planner to value the option by assessing the potential
risk of each acquisition weighed against the expense of the required investment. Normally,
once a typical decision making model is undertaken, it is irreversible, so that decision—makers
risk a great deal of sunk costs if the plan does not pan out the way it was intended. However,
the real option decision framework is intended to limit the downside risk at a reasonable cost.
Thus, to cope with the risks and the uncertainty of investment in defense acquisition projects,

real options analysis can be an effective planning and evaluation tool.
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2.3 Previous Research on the Valuation of Defense Acquisition Projects Using

Real Options

Glaros [8] proposed the applicability of real options to alleviate the rigidity of defense
acquisition projects in promoting the Force Transformation project of the USDOD and to
enhance the business value and flexibility of decision making under future uncertainties.

Komoroski et al.[9] used a Knowledge Value Added/Real Options (KVA + RO) method
to conduct an economic analysis of IT (information technology) required for navy ship main-
tenance. They verified the effects of possible cost savings scenarios by using a KVA method,
evaluated the value of each scenario by using the real option method, and presented a
decision-making model. However, when a new technology was introduced, they focused only
on evaluating the cost savings effects by using KVA and utilized the real option method
as an alternative decision-making value assessment tool, such as a decision—tree. In other
words, this study lacked an analysis of the volatility of the first process of real option and a
method of updating such estimated volatility.

Olagbemiro et al.[10] explored the value of the United States Defense Software Acqui-
sition Program based on a real option analysis. What is notable in their study is a detailed
analysis of acquisition demand, which is considered the most important estimation for the
software acquisition program. In other words, estimation of demand volatility changes be-
cause of conflicts between cost and schedule. They estimated the very first volatility by
utilizing historical data (an objective approach) and expert opinions obtained using the Del-
phi method (a subjective approach). Then they refined the very first volatility by using
Dempster-Shafer Theory (DST). The DST represents uncertain factors as belief functions
instead of probability. Belief functions have a value ranging from 0 to 1, called the “M”
value, while an evidence function is acquired through a combination of belief function. Fi-
nally, volatility is estimated by converting an evidence function value to a compound growth
rate of the financial market. This study proved the effectiveness of DST by not only using

the value assessment method but also conducting a detailed analysis of volatility. However,
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there are limitations to the DST method. First, its application is limited to programs that
utilize probability theory to describe uncertainty. For example, the uncertainty of an invest-
ment project is represented as the volatility of the project’s rate of return; such volatility
is expressed as a standard deviation of the return probability distribution. Another major
shortcoming of the DST method is the estimation of the belief function value (M value),
which is arbitrary and dependent on the subjective judgment of an evaluator. The DST
method lacks a well-established decision theory to solve complicate defense acquisition prob-
lems.

Park [11] developed a real option model to determine when to purchase a weapon sys-
tems. Jang [12] introduced a compound real option model to assess the value of defense R&D
programs. However, their study are limited because they do not address the important issue
of how the project volatility should be estimated.

In summary, no comprehensive tools are available to help address the “project volatility”
estimation of a real option, which is even more difficult to quantify in defense acquisition
projects than in other investment projects. Therefore, this study is intended to provide a
rational volatility estimation method to first evaluate the volatility of the project analysis

phase and then to update the volatility to respond to change in a timely manner.

2.4 Project Volatility Estimation Methods in Real Options

2.4.1 Logarithmic Rate of Return Approach

Copeland and Antikarov (C&A) [27] considered a project itself as the underlying asset
of real options, used a simulation to estimate the logarithmic rate of return of the future
cash flow and its volatility incurred in the project, and presented ways to use this estimate
as the volatility of the project.

Here, the denominator, PW, is fixed as the constant expected value, and only the
numerator, PWj, is calculated by simulation. This method is used because the important

concept is the discount value PW; of the FCF calculated by simulation, which is the future
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Figure 2.2: Using Monte Carlo Methods to estimate of the Project Volatility.

value a year later, and not the expected value of the present value calculated by the tradi-
tional DCF method. This concept is also used to simulate stock price in the financial market
when the present stock price is a variable that is already known|[29].

On the other hand, unlike C&A, Herath and Park (H&P) [16] considered the denomi-
nator PW, as a random variable, calculating the volatility of the logarithmic rate of return
after estimating it by simulation. The underlying variables to calculate the FCF are consid-
ered independent variables. Later, Cobb and Charnes(C&C) [30] extended the H&P method
and presented the volatility output result of the logarithmic rate of return, taking into con-
sideration the correlated underlying variables. The C&A method considered PW, as an
already-known constant similar to stock prices in the financial market, while H&P and C&C
considered PWj, in real options as a random variable that occurred from future cash flow and
estimated it by simulation. The definition of PWj is the only difference between the C&A
methods and the other two methods. Otherwise, the basic volatility estimation method is
the same.

However, all these methods based on the C&A’s logarithmic rate of return concept do
not consider time frame or option life. The C&A volatility estimation method considers only

one unit period (generally one year) as option life.
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2.4.2 Least Squares Regression Method (LSRM)

Smith [32] stated that the C&A method overestimated project volatility as PW, includes
uncertainty that may occur in the future. He argued that to estimate PW7, it is necessary
to consider only the volatility of F'C'F} which is information available thus far, and use the
average value (expected value) of the simulation result for FCF,(n = 2,3, ...) that may occur
in the future. Based on Smith’s argument, Brandao et al.[34] modified the C&A method as
shown in Equation 2.1, and proposed a volatility estimation method of the logarithmic rate

of return.

- PW, o FCF, + E[PV, | FCF,]
7 PW,

FCFy+ Y [E[FCF eV | FOF,]|

2
ST E[FCF e

However, numerous calculation processes are needed to evaluate Equation 2.1. Godinho
[35] referred to this evaluation procedure as Two-Phase Simulation (TPS), and used Least
Square Regression Method (LSRM) to solve the inconvenience of the TPS procedure. LSRM
is proposed by Longstaff and Schwartz (2001) to evaluate an American option in the financial
market using the Monte Carlo Simulation(MCS) method, and can be considered as another
method for obtaining conditional expected value.

However, Godinho’s LSRM also uses the logarithmic rate of return concept of C&A
and thus does not consider time frame or option life. Also, complicated statistical analysis

procedures must be followed to prove its accuracy and suitability.
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2.4.3 Monte Carlo Simulation with Time Frame (MCST)

The C&A method estimates the volatility of the project’s logarithmic rate of return at
T + 1, one unit period (generally one year) after the point at which the project begins, with
the basic premise of not considering the option. However, when option life is considered be-
fore beginning the project, the characteristic of the GBM model with the consistent volatility
of the unit period makes the volatility of C&A equivalent to the volatility’s logarithmic rate
of return between T — 1 and T, and therefore the C&A method is only considered as 1
in terms of option life. Thus, if the volatility of C&A is considered equivalent to that of a
project with an option life greater than 1, the volatility tends to be overestimated. This over-
estimation occurs because the volatility of the project’s logarithmic rate of return increases
by ov/AT along with the period. Thus, the volatility(c) of the initial analysis time(T = 0)

must have a smaller value than the volatility(oy/T') of the project’s starting time.

Project Project
Analysis ) ) Launching
Point Option Life =T Point
; i C&A Option Lifd
1 >
0: AT 711 T T+1 T T
| ! : | [
! 1 I J L
Project Increase Increase i i
Volatility} o —————> o JAT —m8 ! | i |
at T=0 T T

C&A Volatility = Var[ln Ve }:Var(ln Vi j:Var(In V;)=Var(In V; ,)=0"
ElV;.] EV:]

Therefore, C&A Volatility at time T =o' = oJT

Figure 2.3: Difference between the Project Volatility at AT > 1 and C&A Volatility.

To improve the C&A method considering only AT = 1, Park [13] presented a volatility
estimation method considering AT > 1. This method draws the project value distribution
Vi ~ (ur,0%) at the project launching time(T") by the simulation method and calculates the

project volatility(o) using a mathematical interaction formula of the GBM model [31].
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o= (2.2)

Here, if option life T is 1, it is equivalent to the volatility of the C&A method as
explained above; this is because the volatility of the C&A logarithmic rate of return only

considers that of the numerator V; estimated by simulation as in Equation 2.3.

C&A Method (6/) = Var [zn ( E‘&])] = Var |In (Vi)] = \|in (;‘g + 1) (2.3)

The C&A method has the shortcoming of not considering option life; however, the
MCST method by Park [13] supplements this shortcoming by estimating volatility while
considering the time frame of option life. If a certain firm is considering a large investment
project, it will conduct an initial evaluation of its value and uncertainty many years before
and attempt to make strategic decisions(delay, expansion-contraction, and abandonment,
etc.) through additional data collection and project re-evaluation until the project begins.
This ability to collect and reassess new data is the fundamental advantage of using real
options as a tool for project valuation and decision-making. When project volatility is
initially evaluated, a rational volatility estimation method must consider the option life
before the project starts. Therefore, this research will use the MCST method to estimate

the project volatility for a real options model.

2.5 Bayesian Revision Process

The project volatility estimation methods examined thus far assume that project value
follows the characteristics of the GBM model just as stock price does in the financial market.
In other words, they are based on the assumption that volatility of a unit period (generally

one year) of a project is consistent and does not change until project completion. However,
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in reality, volatility varies according to time and the surrounding environment, and thus it
is not rational to assume that the volatility estimated in the initial project evaluation will
not change until project completion. To address this problem, Haahtela [37] and Brandao et
al.[38] each introduced different volatility estimation methods that use the aforementioned
LSRM to estimate volatility that changes in each unit period, obtaining the conditional
expected value of the random variable or each periodical PV, through regression analysis.

However, the statistical analysis procedure is more difficult and complex than obtaining
the constant volatility of the GBM model. Also, the different volatility for each project unit
period requires a practicality review as well as many statistical follow-up studies to prove the
model’s suitability and effectiveness. In estimating volatility of the initial analysis time, it is
necessary to use methods that are suitable to the given circumstances and easy to estimate
rather than methods that require complicated and unrealistic assumptions. A technique
to calculate the estimates that considered everything in the initial analysis time is neither
efficient nor accurate enough.

The changing volatility models using LSRM are methods to calculate new estimates
based on the initially revised information without additional data collection. However, the
Bayesian analysis can calculate the highly reliable and newest volatility according to project
progression as it revises volatility with actual data acquired from the market. Project uncer-
tainty analysis is a process of acquiring and using various data to overcome initial analysis
results that are limited by a lack of available data, and the Bayesian Revision Process is the

most fitting approach for this analysis.

The Bayesian Revision Process uses the following steps:
1. infers the prior distribution considering the unknown parameters as random variables

2. uses information that has flowed in additionally or is acquired through data sampling

along with prior distribution, and
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Figure 2.4: Bayesian Revision Process.

3. draws the posterior distribution.
If this model is applied to the volatility estimation process of real options, it is possible to

1. calculate the volatility of the initial analysis time
2. collect additional information on random variables during the period At , and

3. calculate a new volatility of the relevant time through the Bayesian analysis.

Miller and Park [42] estimated a value of acquired information by using the Bayesian
revision process for the normal distribution, and presented a procedure for applying this
value to the assessment of a real option. They predicted the posterior distribution by using
the conjugate normal prior distribution, and evaluated the value of a European option by
estimating an expected value (mean) of the posterior distribution under the assumption that
the variance of a variable is known.

Herath and Herath [43] demonstrated that a real option approach with Bayesian post
auditing offers a systematic valuation and risk management framework for evaluating infor-
mation security spending by firms. In their model, the conjugate gamma distribution is used
to update the technological parameters that are inputs in the real options model.

In this research, the Bayesian revision process for a beta and log—normal distribution
are developed to estimate a posterior distribution for updating the project volatility. The
common estimating procedure for uncertainty factors is to make three—point estimates(Beta—

PERT) and simulation results of the project’s cash flow must be a form of the log—normal
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distribution to use the MCST method. Therefore, the use of the Bayesian revision process
for these distributions becomes appropriate during a process of updating volatility of real

options. We will discuss this matter in detail in chapter 4.

2.6 Compound Real Options

Large-scale capital-intensive investment projects such as R&D and the construction of
energy generating units are conducted in phases according to a series of expenditures, and
each phase may be considered an option for the value of the next phase. In other words, the
investment in the current phase may lead to a new investment opportunity, which is referred
to as a compound option. Therefore, a compound option is an option that can provide
effective evaluation results and promotion strategies for most defense acquisition projects
that require phased investment costs and decision-making mechanisms as Figure 2.1.

The general methods of evaluating options are the Black-Scholes and the binomial lattice
model. However, these two models cannot be used directly to evaluate compound options.
Instead, extended models, such as the Geske model [15] or the Herath & Park Approach

(HPA) [16], must be used.

2.6.1 Geske Model

Geske proposed an evaluation method of compound options, which consists of the initial
investment and the follow-up investment, under the assumption that 1) the distribution of
asset value follows the log—normal distribution and 2) volatility is fixed in the option life.
If the option exercise time of initial investment and follow-up investment is 77, T5, the
expected discounted cash flow is Sy, Sy, the current price of investment costs is Ky, Ks, and

the volatility of the underlying assets is o, the option value(C') of the Geske model is[17]

C = SQNQ(al, bl, p) - ng_TfTQNQ(CLQ, bQ, ,0) — ]1€_TleN1(a2) (24)

19



_In(Sy/S5) + (ry +0%/2)m
B O+/T1

where, a;

Ao = Q1 — O+/T1
_ In(S2/E) + (ry +0%/2)7
= O—\/FQ

bg :bl—O' T2

P ZHE»leTl—t,Tz:Tz—t
T2

However, under the assumption that phased volatility is always fixed, the Geske model

b

is a call on call option model — follow up investment option for initial investment option —
and thus not suitable for multi-phased investment projects with two or more phases which
have different volatility for each phase.

Cassimon et al.[18] referred to the Geske model as two-fold option, and presented the
extended model of a six-fold option to overcome the disadvantage of this model, applying
it to new drug R&D by a pharmaceutical company. However, this model also has the
shortcomings of assuming fixed volatility for each phase. Later, Cassimon et al.[19] proposed
the n—fold option model applying phase-specific volatility, and evaluated software R&D using
this model. However, these models based on the Geske model are extended models of the
Black-Scholes model. The calculation procedure becomes more complicated as the phases of
the project become longer and its use may be limited when evaluating investment projects

in the form of American options with a long term for the option expiration in each phase.

2.6.2 Herath & Park Approach (HPA)

Herath and Park [16] presented a compound options evaluation method of multi—phased
investment projects that have specific volatility for each phase, using the extended binomial
lattice model to overcome the disadvantage of the Geske model, which can only be applied
to two—phased investment projects with fixed volatility for each phase.

The calculation procedure shown in Figure 2.5 [16] uses a two-phased(2-fold) model as

an example, but it can be extended to a multi-phased(n—fold) model when repeating the
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same process using the binomial lattice model. It is the most fitting analytic tool of real
options for multi-phased investment projects and can overcome the limitations of methods
based on the Geske model. Therefore, this study will use HPA to develop a model for the

valuation of defense acquisition projects and decision making.

2.7 Multi-Criteria Decision Analysis (MCDA)

As mentioned in Chapter 1, the final part of the preliminary feasibility assessment uses
the whole results of the economic and policy analyses to determine whether the program
should be pursued. For this purpose, MCDA is often used to identify the best alternative
that accomplishes the multiple objectives.

There are numerous MCDA techniques that can be used to identify a single most pre-
ferred alternative, to rank alternatives, to list a limited number of alternatives for subsequent
detailed evaluation, or to distinguish acceptable from unacceptable possibilities[23]. These
techniques have been very widely used to evaluate multiple conflicting criteria to arrive
at better solutions. Hajkowicz and Higgins [24] applied MCDA methods including weighted
summation, range of value, PROMTHEE II, Evamix and compromise programming, to water
management decision problems. They showed that different MDCA methods were in strong
agreement with high correlations amongst rankings. Maldonado et al. [25] applied six MCDA
methods for selection of afforestation sites: Analytical Hierarchy Process (AHP), ELECTRE
[1I, PROMETHEE II, Compromise Programming (CP), Stochastic Multi-Criteria Accept-
ability Aanalysis (SMAA-2) and Iterative Ideal Point Thresholding (IIPT). In this study,
all methods designated the same four land units as the most suitable alternatives, while all
methods except IIPT designated the same land unit as the least suitable.

Among these numerous MCDA methods, Analytical Hierarchy Process (AHP) is the
most popular technique and has been utilized in various areas for making the best decision
with the available alternatives. A critical feature of AHP is that it creates a hierarchy

which consists of criteria and sub-criteria as assessment elements and measures the level of
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relative importance of these criteria through pairwise-comparison. It helps decision—makers
in organizing their values and preferences to make effective decisions and transfer them
into quantitative ratios to weight criteria.[68]. In Korea, the AHP method must be used for
preliminary feasibility assessments in any defense acquisition programs to integrate economic
and policy analysis results for determining whether to implement or do—nothing.

However, relatively little effort has been devoted to comparing the strengths or weak-
nesses of those methods and determining which method is most suitable for current decision
situations. This research aims to establish a decision model for assessing the feasibility of
an acquisition project before it is introduced. Given this decision situation, decision-makers
should question which MCDA method should be utilized to integrate the results of economic
and policy analysis instead of just utilizing the most popular method without comparative
analysis.

Therefore, we will compare AHP, the representative method of “Alternative-Focused
Thinking”, with the “Value-Focused Thinking” method, which is similar to AHP but accesses
an issue through different ways to develop a more suitable MCDA model for preliminary

feasibility assessment. We will discuss this matter in detail in chapter 5 and 6.
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Chapter 3
An Economic Evaluation Framework for Defense Acquisition Programs :

Compound Real Options Applied to the Korea Helicopter R&D Program (KHP)

In this chapter, the compound real options model is applied to a real defense program,
KHP. First, we overview KHP to explain the characteristics of the program and evaluate its
net present value (NPV) using the traditional discounted cash flow(DCF) approach. Second,
we address critical uncertainties affecting the project value and set stochastic characteristics
of these uncertainties for project evaluation. Third, we estimate the probability distribution
of the project’s present value and determine the project volatility with the Monte Carlo sim-
ulation, which consolidates all elements of defense project uncertainty. Finally, we evaluate

KHP using the compound real options model.

3.1 Korea Helicopter R&D Program(KHP) Outline

The armed forces of the Republic of Korea (ROK) have purchased all their helicopters
from overseas, and over 70% of them are no longer produced, causing many problems such
as excessive costs and time required for maintenance. Accordingly, the ROK Armed Forces
intend to replace the deteriorating airmobile helicopters through KHP. There are two ways to
acquire weapons systems: overseas introduction (production by technical transfer or direct
purchase) and research and development (R&D). Overseas introduction enables the weapons
to be stably acquired within a relatively short period of time, whereas R&D requires high
initial costs and a long period of time, as well as various risks and uncertainties in pro-

moting the projects. However, in the long-term view, securing technologies through R&D
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will create many good effects such reducing management and maintenance costs of the rele-
vant weapons, improving operation ratios, accumulating domestic technology, and increasing

related business profits. The main objectives of the KHP are as follows:

e Localization and development of the major dual-use components for military and civil

helicopters

e Construction of military helicopters with the localized components

e R&D of new and core advanced technologies for securing the independent capability

to develop helicopters

To achieve these objectives, the Ministry of National Defense, the Ministry of Knowledge
and Economy, and various academic and research institutes, as well as about 20 domestic and
overseas companies, will participate in KHP. With the goals of mass—producing helicopters
through R&D and securing technology for key components, the ROK Armed Forces aim to
promote a project in which the follow—up investment is executed according to the success or

failure of plans in each phase, as shown in Figure 3.1.

[Phase 0] [Phase 1] [Phase 2] 1 [Phase 3] ‘ Phase 4 ‘
Program . System & Prototype | ! . : Mass Production
. Design A ' Testing '

Analysis Production & Deployment
{NPV1
NPV2

Discontinuation |
l— »

Start R&D E D—O

Discontinhation

Figure 3.1: Korea Helicopter R&D Program(KHP)Process.
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3.2 Traditional Approach for KHP Assessment

3.2.1 Cash Flows Estimation

Before we use the real options model to capture flexibility in decision making, the cash
flows from the project need to be defined and carefully reviewed to estimate the net present
value(NPV) of the project without flexibility. NPV is the foundation for real options analysis.
27)

The cash flow of KHP is estimated by analyzing total life-cycle cost presented in the
assessment data(input) and the economic impact of R&D(output), and dividing by the year.
Firstly, the total life-cycle cost in the assessment data is estimated to be $9.1 billion, in-
cluding R&D, mass production, and maintenance for 20 years. The economic impact was
calculated by the sum of 1) effect on production inducement, 2) productivity of added value,
and 3) technology ripple effect in the aviation industry. The effect on production induce-
ment is an index that represents the direct and indirect level of production inducement in
other industries required to fulfill a unit of final demand in a certain industry. Productiv-
ity of added value was calculated by multiplying the added value ratio by gross national
production according to the promotion of KHP. The economic impact is defined as benefits
generated from conducting the project. The economic impact of the entire helicopter project

is estimated to be $13.9 billion.

Table 3.1: KHP Total Life Cycle Cost and Economic Impact(Revenue).

dollars in billions

Total Life-Cycle Cost  Economic Impacts (Revenue)

Phase 1, 2, 3 (R&D) 1.3113 2.6163
Phase 4 (Mass Production) 4.1565 7.9897
Phase 4 (Deployment & Maintenance) 3.6351 3.2684
Sum 9.1029 13.8744

Total life—cycle cost and economic impact are assumed to be the total of annual esti-

mates, and the costs in Phases 1, 2, and 3 are distributed differentially according to year
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based on the defense intermediate budget plans for KHP. Costs in Phase 4 (mass produc-
tion/deployment & maintenance) and the ripple effects of all phases are equally distributed

for each year, resulting in the following estimate of cash flow:

Figure 3.2: Investment Costs and Incremental Cash Flows.

3.2.2 Risk-Adjusted Discount Rate (k) and Risk-Free Rate (7)

There are various ways to obtain the risk-adjusted discount rate (k), such as CAPM(capital
asset pricing model), WACC(weighted average cost of capital), MAPT(multifactor asset
pricing model), comparability analysis, and a firm-or project-specific hurdle rate [29]. The
long-term government bond earnings rate is generally applied to the risk-free rate (ry).

However, the National Assembly Budget Office’s assessment data do not include the
discount rate and risk-free rate, and calculating these values is a different field of study.
Thus, this study will use a risk—adjusted discount rate(k) of 5.5%, the real social discount
rate for national public investment projects presented by KDI [1], and a risk-free rate(rs) of

3.21%, the five-year government bond interest rate.
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3.3 Handling Risk and Uncertainty of the Defense Project

As mentioned in Chapter 2, it is possible to calculate KHP volatility (o) from the project
value distribution, Vo ~ (ur,02), using Equation 2.2. This project volatility consolidates
the uncertainties of multiple input variables such as benefit and costs. Thus, various types

of uncertainty affect the design and operation of the defense project.

Monte Carlo Simulation Project Volatility Estimation

Inputs Output
A Probability of PV PV ~ (NT,O'TZ)

Year 1 2 3...T
Uncertainty 1 [—»

Uncertainty 2 |—p Present

Value Model

Uncertainty n | —»

Figure 3.3: Considering Various Uncertainties for estimating the Project Volatility.

Uncertainties are things that are not known, or known only imprecisely. Estimates
of these separate uncertainties are taken either from historical data or from the subjective
estimates of management. Uncertainties lead to risks(potential negative outcomes) or oppor-
tunities(potential positive outcome).[44] Defense planners must develop strategies to hedge
against uncertainty in multi-stage R&D projects where managers can consider continuing,
improving, or abandoning development at each decision point. This need to reduce uncer-
tainty is the fundamental reason for using the real options technique. Increased uncertainty
improves upside potential and option values while limiting downside losses. Huchzermeier
and Loch [45] evaluate changes in option values of an R&D project in the presence of five
types of operational uncertainty: 1)market payoff variability, 2)budget variability, 3)perfor-
mance variability, 4)market requirement variability, and 5)schedule variability. They con-
clude that the value of increased managerial flexibility through the use of real options in-

creases with increased variability in market payoffs and budgets.[46] Therefore, uncertainties
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should be addressed in defense project valuation and decision—making by limiting risks while
increasing opportunities.

The real options approach can include two broad categories of uncertainties:—technical
uncertainties and economic uncertainties[27][31]. Economic uncertainty is a function of fac-
tors exogenous to the project, such as general market conditions. In other words, eco-
nomic uncertainty is correlated with the general movement of the economy. It increases
over time and is identified through objective market information. On the other hand,
technical(project—related) uncertainty is a function of factors endogenous to the project,
such as the success of different phases of R&D. Thus, technical uncertainty is not correlated
with the general movement of the economy.[55] Technical uncertainty is greatest at the start
of the project, but diminishes as the defense planner invests and learns more. It is identified

through subjective judgment. [43]

3.3.1 Technical Uncertainty of the Defense Project

In addition to the various cost, schedule, and programmatic uncertainties, defense R&D
projects have to contend with a high degree of technical uncertainty. This uncertainty is
due to broadly defined threshold performance levels, insufficient technological maturity to
produce the desired capability, or changing required operational capability(ROC) during
the course of the acquisition. Defense acquisition planners often mitigate the technical
uncertainty through a combination of formal milestone decision points strategies as shown

in Figure 3.4.[46]

Decision Milestones

/A 2\

Concept Technology System Dev & Production & Operations &
Refinement Development Demonstration Deployment Support
Concept Design Readiness Full Rate
Decision Assessment Production Review

Figure 3.4: DOD Acquisition Process.
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This multi-stage decision—making strategy can be a useful tool for mitigating technical
uncertainty. However, because R&D costs are affected by the degree of technical uncertainty,
defense acquisition managers must accurately measure the degree of technical uncertainty
to successfully employ this strategy and acquire the desired capability on time and within
budget. Insufficient technological maturity with a high level of technical uncertainty requires
more money to produce the desired capability and satisfy ROC.

Technological maturity is measured by the adjustment parameter and is captured by a
defense acquisition expert’s assessment of how secure the required technology is at a given
point in time. A common metric that can be employed in the defense field to assess the ma-
turity of evolving technologies is the Technology Readiness Level(TRL). TRL is determined
by Technology Readiness Assessment, a process that assesses the maturity of and the risk
associated with critical technologies to be used in defense acquisition projects. This process
provides a basis for milestone decisions about whether the technologies of the project have
acceptable levels of maturity in a relevant defense environment. Thus, TRL can serve as a
helpful knowledge—based standard and shorthand for evaluating technology uncertainty, but
it must be supplemented with expert professional judgment[47]. Table 3.3 and Table 3.4
show definitions of TRL and required TRL at each phase of the acquisition process. Each

phase of TRL can be assessed by various information and standards as shown in Table 3.5.

Table 3.3: Required TRL at Each Stage of Defense Acquisition Process.

Decision Milestones

/A

0\

Concept Technology System Dev & Production & Operations &
Refinement Development Demonstration Deployment Support
TRL 1~4 TRL 5~6 TRL 7 TRL 8 TRL 9

If a project does not attain the required TRL at each phase, it incurs an increased risk

of technical problems, resulting in potential cost and schedule growth. Most of the defense
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Table 3.4: Technology Readiness Level(TRL) definitions.

TRL

Definition

© 0 1 O Ol A~ W N R

Basic principles observed and reported
Technology concept and application formulated
Analytical and experimental critical function and characteristic proof-of-concept
Component and breadboard validation in laboratory environment
Component and breadboard validation in relevant environment
System / subsystem model or prototype demonstration in a relevant environment
System prototype demonstration in an operational environment

Actual system completed and qualified through test and demonstration

Actual system proven through successful mission operations

Table 3.5: Technology Readiness Level(TRL) Assessment Information.

TRL

Supporting Information

Published research that identifies the principles that underlie this
technology

Publications or other references that out-line the application being
considered and that provide analysis to support the concept

Results of laboratory tests performed to measure parameters of interest and
comparison to analytical predictions for critical subsystems

System concepts that have been considered and results from testing
laboratory-scale breadboard(s). Provide an estimate of how breadboard
hardware and test results differ from the expected system goals

Results from testing laboratory breadboard system are integrated with
other supporting elements in a simulated operational environment

Results from laboratory testing of a prototype system that is near the
desired con-figuration in terms of performance, weight, and volume

Results from testing a prototype system in an operational environment

Results of testing the system in its final configuration under the expected
range of environmental conditions in which it will be expected to operate.
Assessment of whether it will meet its operational requirements

Reporting of Operational Test and Evaluation (OT&E) Results
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programs assessed by GAO proceeded with less knowledge(TRL) at critical junctures than
suggested by best practices, although several came close to meeting best practice standards.
The inaccuracy of early investment cost estimates for developing major USDOD systems is
well documented, and cost overruns have been a common problem[48]. For example, in the
case of the Comanche reconnaissance attack helicopter(RAH-66), USDOD did not attain the
required TRL at the system development stage but still launched the production stage. As

a result, costs were increased and the schedule was delayed as shown in Figure 3.5[49].

Concept System Development Production >
A A A
6/88 4/00 12/06 11/09 5019
Program Development Low-Rate Full-Rate Last
Start Start Decision Decision Procurement

Program Performance(fiscal year 2004 dollars in millions)

As of 10/2001 Latest 12/2010 Percent change
R&D cost $8,905.1 $12,573 41.2
Unit cost $33 $53 61.9
Total quantities 1,213 650 -46.4
Acquisition cycle time(months) 223 256 14.8

Attainment of Product Knowledge

Production,
design & s
technology .
maturity ¢
&
g
Design & ~l-°°"
technology \&‘
maturity & Y
.&b,' Projection
&,
Q.
I,’
Technology, .
maturity
Development DOD GAO Production
start design review decision
(4/00) review (1/04) (12/06)

(4/03)

Figure 3.5: GAO Assessment of RAH-66
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3.3.2 Modeling Technical Uncertainty with Expected Mission Fulfillment Rate
(EMFR)

We use Sohn and Kim’s [50] expected mission fulfillment rate(EMFR) approach to
estimate the degree of attaining TRL at each stage of R&D process. The EMFR approach
is based on the cost of ownership(COO) approach, which was developed to address the
economic and productive performance of a project by estimating the total life—cycle cost of a
specific processing step. This approach analyzes all costs associated with the acquisition, use
and maintenance of a good or service. It considers not only price but also product quality,
failure costs, administrative costs, and maintenance, among other factors. The basic COO

algorithm is described below[51]:

Cf +C, + Cy
= 1
Co0(Cy) TPT xY,xU (3.1)
where, C, = cost per good unit
Cy = fixed cost, (), = variable cost, C, = cost of yield loss

TPT = throughput, Y, = composite yield, U = utilization

The denominator of Equation 3.1 is an estimate of the number of good units produced
during the life of the project. Throughput rate(7'PT) is based on measurement and handling
times, including factors such as sample preparation, loading and unloading, reporting, and
other overhead operations. Composite yield(Y,) is defined as the ratio of good units compared
to the total number of units produced. Utilization(U) is the ratio of actual usage compared
to total available time. Utilization includes repair and maintenance time, both scheduled and
unscheduled. This equation shows the impact of non-productive time on cost and normalizes

ideal throughput to a realistic estimate[52].
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Sohn and Kim’s [50] expected mission fulfillment rate(EMFR) approach is similar to
the COO model and is described as follows:

Cpp + Cyap+Cy

COOWCY = 140 % EMFR (32)
where, C, = cost per acquisition unit
Cpp = cost of development and production
Cyvap = variable cost by acquisition plan
Cy = cost of yield loss
TAU = total number of acquisition units

Sohn and Kim estimated COOs of four alternatives (four types of helicopter) having
different performance levels. EMFR has values ranging from 0 to 1. The alternative with
the highest possible performance has an EMFR value of one point. If another alternative
has 75% of performance level as compared with the best alternative, it has an EMFR value
of 0.75. Most common defense acquisition decisions rely heavily on the life cycle costs. But
the EMFR approach considers the performance level of ROC as well as life cycle costs for
estimating acquisition costs including defense project characteristics.

In this research, EMFR is defined as the percentage(%) of achievement of the required
TRL at each stage of the acquisition process. EMFR is measured by defense acquisition
experts’ assessment of how secure the required TRL is at the current stage. It is assumed
that the initial estimated investment cost is the minimum value for the investment cost; thus
if EMFR is 1 (i.e., if required TRL is expected to be 100% achieved at the current stage),
there is no additional cost and no technical uncertainty at the current stage. A lower value
of EMFR means that the current stage of project development has less knowledge and a

lower TRL than expected by best practices and goals, in which case the investment costs
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will be increased, as shown in Figure 3.6. This relationship is described as follows:

11C;
FIC;, = ——— i=1,2,...,n (number of stage 3.3
K3 EMFR(gl) ) Y ) ) ( g ) ( )
where, EIC' = expected investment costs
IIC = initial estimated investment costs
2200 T T T T T T T
—O— phase 1
2000} X —%— phase 2 |-
\ —0O— phase 3
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Figure 3.6: Variability of EIC at Each Phase by EMFR.

To construct probability models, the common estimating procedure for EMFR is to
make three point estimates (PERT): a minimum (pessimistic) value, a maximum (optimistic)
value, and a most likely value. These three estimates are used as the upper bound, the lower

bound, and the mode of the corresponding EMFR probability distribution of ¢, at the end

of stage n.
Est,(e,) = U (upper bound) = optimistic estimate
Est,(e,) = L (lower bound) = pessimistic estimate
Esty(e,) = M, (mode) = most likely estimate
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This distribution is a useful tool for modeling expert data and is designed to generate
a distribution that more closely resembles realistic probability distribution. When used in a
Monte Carlo simulation, the PERT distribution can be used to identify risks in project and
cost models based on the likelihood of meeting targets and goals. The PERT distribution
constructs a smooth curve which places progressively more emphasis on values around (near)
the most likely value, in favor of values around the edges. In practice, this distribution of
values means that we “trust” the estimate for the most likely value, and even if it is not
exactly accurate (as estimates seldom are), we expect that the resulting value will be close
to that estimate[53].

Three-point estimates of EMFR at each phase are given in Table 3.6. These values are a
little higher than typical defense R&D because Eurocopter, as the primary partner of KHP,
will provide technical assistance and supply the transmission and autopilot subassemblies
for the helicopters. Eurocopter is a wholly—owned subsidiary of EADS, a global leader in
aerospace, defense, and related services. Eurocopter has a stake of 30% in the development
phase and 20% in the production phase of KHP. This partnership will reduce the development
risk and achieve timely deployment through actively induceing foreign capital (joint ventures,
consortiums, etc.) and encouraging joint development of domestic technology and advanced
technology[54]. Thus, both EMFR and the success possibility of KHP are higher than the
normal defense R&D.

Table 3.6: Three—point estimates of EMFR (e;,7 = 1,2, 3,4).

Phase 1 2 3 4

Optimistic 1 1 1 1
Most Likely 0.85 0.87 0.92 0.95
Pessimistic 0.60 0.7 0.80 0.90

37



3.3.3 Economic Uncertainty of the Defense Project

For project valuation, economic (or market) uncertainty is a function of factors exoge-
nous to the project, such as general market conditions. In other words, economic uncertainty
is correlated with the general movement of the economy such as market demand and the
price of goods|[55].

Typically, economic or market uncertainties are not considered in traditional defense
R&D projects because the ultimate goal of defense R&D is to satisfy military requirements
and the military is considered the only major consumer. However, KHP is different from
conventional acquisition programs of the Ministry of Defence. KHP is intended not only to
economically and timely develop helicopters that will satisfy the performance needs of the
ROK military, but also to reduce maintenance costs and acquire technology related to heli-
copter and core components to promote the domestic aviation industry. KHP will provide
momentum for jump-starting domestic aviation industries, as well as accelerate develop-
ment of future civilian helicopters and overseas expansion if it can acquire the capability to
develop system integration and core components. These goals are common characteristics
of the most modern defense acquisition projects requiring huge capital investments and ad-
vanced technology. The United States, the United Kingdom, Germany, Russia, and most
of the developed countries are planning and implementing acquisition projects to achieve a
variety of purposes beyond simply procuring military weapon system, including technology
development, increased employment, national revenue growth, etc..

Therefore, in order to estimate the cash flow, we must consider the uncertainty of KHP’s
benefit to the economy through the above purposes and characteristics. If KHP develops the
capability of system integration, core components, and overseas expansion, KHP benefits
will be affected by the domestic and world demand for rotary wing aircraft and the ROK’s

share of the aircraft market.
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3.3.4 Modeling Economic Uncertainty with a Consolidated Approach

As shown in Figure 3.3, the consolidated approach allows the uncertainties of multiple
input variables such as benefit functions and various costs, all of which drive volatility, to be
considered as a single source of market uncertainty. The estimates of uncertainties pertaining
to specific input variables can be obtained from objective or subjective estimates|43].

We use the costs and benefit information estimated by South Korea’s National Assembly
Budget Office[2]. This estimate consolidates all possible costs, such as fixed costs and variable
costs, and benefit uncertainties, such as benefit of production inducement, productivity of
added value, and technology ripple effect. However, it does not consider incremental costs for
operational maintenance and the demand and growth rate of the aviation industry market.
Thus, Thus, we re—estimate the total benefits created by KHP by considering incremental
costs and the possibility of a share in the overseas helicopter industry market.

First, one of the simplest assumptions is that the uncertainty follows Geometric Brow-
nian Motion (GBM) where its value next period, Vi, a¢, is equal to its value current period,

Vi, multiplied by a continuous growth factor at rate r for an interval At.

Vigar = Vi ™™ (3.4)

The growth rate, r, is a normally distributed random variable with constant expected
growth (7) and constant standard deviation. At the end of one period (a year), r lies with

95% confidence within the following interval:

r € [F—20, 7+ 20] (3.5)

For a period of time T" = nAt, the interval is

re[F-T—20VT, 7T+ 20VT] (3.6)
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Then, the random variable has values with 95% confidence within the following interval:[27]
Vi € [%ef-Tme/T’ ‘/OeF-TJrQU\/T] (37)

If the experts or reliable historical data provide the higher or the lower values of V', the

volatility of the rate of growth will be derived:

upper n n lower
ln{VTV }—Zri Zn—ln{VTV }
0 i=1 i=1 0
_ 3.8
’ 2T . 2T (3:8)

The current expected annual operational maintenance costs are 12.1($M) at 7'+ 8 and

annual growth rate is 3.5%, due to increasing costs of raw materials, labor, and oil price,
etc.. At 20 years later (T'+ 27), if the expected lower level costs are 23.5($M ), the volatility

of cost is

93,
20 x 0.035 — In (35

12.1) _
e = 3.62% (3.9)

Thus, the annual growth rate of operational maintenance costs is r¢ ~ N(0.035, 0.03622)

Oc =

and we generate costs for each year with the C; = C,_1e".

Next, Figure 3.7 shows forecast data for the world rotary—wing aircraft market after
KHP is launched[56]. Complete products and MRO(Maintenance Repair and Overhaul)
includes civilian, military, and unmanned helicopters classified into light, medium, and heavy
classes.

Table 3.7 shows the forecasted results of possible market share in the world rotary wing
aircraft industry after successful R&DI[57]. Market share is difficult to estimate precisely,
thus, we use two—point estimates (uniform distribution) for sampling in the Monte Carlo
simulation. Using the uniform distribution is useful in situations in which we have a minimum

and maximum estimate available, but no other information. If we can get a most likely
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Figure 3.7: World Rotary-Wing Aircraft Market Forecast

estimate in addition to the minimum and maximum, we can use the additional information

to create a more realistic probability model.[53]

Table 3.7: Two-point estimates of the Forecasting Market Share.

F+7~F+17 F+18 ~ F+27
Class
Pessimistic Optimistic Pessimistic Optimistic

Large . . . .
(25,0001bs~) 5% 7% 7% 10%

Medium . . , .
(16,0001bs~25,0001bs) 10% 15% 15% 30%
Light 3% 70, 7o, L%

(12,0001bs~16,0001bs)

3.4 Estimating Project Volatility in Defense Acquisition Planning

As mentioned in chapter 2, the Monte Carlo Simulation with time frame method(MCST)
is used for estimating KHP volatility. While a multitude of uncertainties may exist in de-

fense projects, these uncertainties must be quantified and reduced because it is exceedingly

41



difficult to develop analytical models with more than two sources of uncertainty. To solve
this problem, MCST, the consolidated approach, can be used to combine the multiple un-
certainties that drive the value of a defense project via Monte Carlo simulation into a single
uncertainty: project volatility.[27][43] MCST considers the time frame of option life in esti-
mating project volatility, thus overcoming the shortcoming of the C&A method, which does
not consider option life. When defense planners promote a large investment project, they
conduct an initial evaluation of its value and uncertainty years before, and attempt to make
strategic decisions using real options as a tool for project valuation and decision making.
Thus, a rational volatility estimation method considers the option life before the project
starts.

If we assume that an project value(V') follows the Geometric Brownian Motion(GBM),

the stochastic process model of V' is equivalent to:

dV =rVdt+oVdz (3.10)
r: Growth Rate(Mean), o : Project Volatility, dz: Wiener Process

If Equation 3.10 is converted to the discrete time model using Euler’s Discretization method

for the simulation of the project value, it is

AV = Vigar — Vi = Vit + oVieVAL, e~ N(0,1) (3.11)

AV of Equation 3.11 is the changed portion of V' during the short period of time, indi-
cating that expected return changes as much as rV;dt but the fluctuation of expected return
oVie v/At is uncertain and thus depends on probability distribution (¢ ~ N(0, 1)). However,
as errors may occur in simulation of the stochastic process model using Equation 3.11, it
uses the stochastic process model of (nV in which the project value takes a natural loga-

rithm. This model reflects that the project value follows the log—normal distribution from
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0 to the positive infinity(400), and the logarithmic rate of return with project taking natu-
ral logarithm follows the normal distribution from the negative infinity(-o0) to the positive
infinity(+00). These are same concepts that a stock price follows the log-normal distribution
from 0 to the positive infinity(+00) and a rate of return of stock follows the normal distri-
bution from the negative infinity(—oc) to the positive infinity(4o00) in the financial market.

Thus, the stochastic process is drawn by Ito’s Lemma:

d[lnVy] = (7" — 202) dt + odz (3.12)

1
InVy ~ N (ano 4 (r - 202> L a2t> (3.13)
From Equation 3.13, the expected value and variance of Vi are given as:

E(VT) = pp = eano-l—(r—%(ﬂ)T-i-%T — ‘/OerT (314>

VCLT’(VT) _ O’% _ e2<anO+(T—%O'2>T)+U2T (602T i 1) _ %262TT(602T _ 1) (315>
If Equation 3.15 is rewritten with o(project volatility):
o\ 2
In [<T> +1
Hur

o= T (3.16)

Figure 3.8 represents these mathematical relations.

In order to estimate the KHP volatility parameter, we need to obtain the present value
distribution of KHP using the Monte Carlo simulation. KHP will be conducted in four
phases, in each of which a series of expenditures and current investments will lead to the
next investment opportunity. In other words, each phase is considered an option for the
value of the next phase. Thus, the gross project value of each phase is determined by the

discounted value of future cash flows(excluding the investment costs) and specific volatility
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for the compound option model. Therefore, using 10,000 simulation trials for each phase,

we estimate the project value as Vi, ...V}, respectively as shown in Figure 3.9.
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Figure 3.9: The Project Present Value Distributions at Each Phase.

Next, we can calculate phase—specific volatility parameters using Equation 3.16 as shown
in Table 3.8. Notice that the present value distribution of the project must be log—normal

distribution to use the Equation 3.16 as shown in Figure 3.8.

3.5 Compound Real Option Model for KHP

Using the extended binomial lattice compound real options model as shown in Figure
3.10, we evaluate KHP, which is a multi-phased investment project having specific volatility

for each phase. In the binomial lattice framework, the GBM process for a project value is
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Table 3.8: Initial Estimated Volatility of Each Phase.

Phase 1 Phase 2 Phase 3 Phase 4
Option Life 2 years 2years 2years 2years
Volatility 11.10% 13.11% 16.10% 20.51%

modeled by a multiplicative binomial process in discrete time. To calculate the option value,

major parameters for each investment phase are defined in Table 3.9. The project value is the

Table 3.9: Parameters for the Binomial 